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Introduction

This contribution proposes updates to the SDD to keep the system description consistent with the draft P802.16m/D5. 
Changes have been tracked for reference. Text to be deleted has been struck through in red and text to be added has been underlined in blue. Current SDD text that remains unaltered is shown in black.

_____________________________________Begin Proposed Text Changes_________________________
1 Physical Layer

1  Duplex Modes

IEEE 802.16m supports TDD and FDD duplex modes, including H-FDD AMS operation, in accordance with the IEEE 802.16m System Requirements Document [7]. Unless otherwise specified, the frame structure attributes and baseband processing are common for all duplex modes.

1  Downlink and Uplink Multiple Access Schemes

IEEE 802.16m employs OFDMA as the multiple access scheme in the downlink and uplink. 

1  OFDMA Parameters

The OFDMA parameters for IEEE 802.16m are specified in Table 4.

	Nominal channel bandwidth (MHz)
	5
	7
	8.75
	10
	20

	Sampling factor
	28/25
	8/7
	8/7
	28/25
	28/25

	Sampling frequncy (MHz)
	5.6
	8
	10
	11.2
	22.4

	FFT size
	512
	1024
	1024
	1024
	2048

	Sub-carrier spacing (kHz)
	10.937500
	7.812500
	9.765625
	10.937500
	10.937500

	Useful symbol time Tu (µs)
	91.429
	128
	102.4
	91.429
	91.429

	CP 

Tg=1/8 Tu
	Symbol time Ts (µs)
	102.857
	144
	115.2
	102.857
	102.857

	
	FDD
	Number of OFDM 

symbols per 5ms frame
	48
	34
	43
	48
	48

	
	
	Idle time (µs)
	62.857
	104
	46.40
	62.857
	62.857

	
	TDD
	Number of OFDM 

symbols per 5ms frame
	47
	33
	42
	47
	47

	
	
	TTG + RTG (µs)
	165.714
	248
	161.6
	165.714
	165.714

	CP

Tg=1/16 Tu
	Symbol time Ts (µs)
	97.143
	136
	108.8
	97.143
	97.143

	
	FDD
	Number of OFDM 
symbols per 5ms  frame
	51
	36
	45
	51
	51

	
	
	Idle time (µs)
	45.71
	104
	104
	45.71
	45.71

	
	TDD
	Number of OFDM 

symbols per 5ms frame
	50
	35
	44
	50
	50

	
	
	TTG + RTG (µs)
	142.853
	240
	212.8
	142.853
	142.853

	CP

Tg=1/4 Tu
	Symbol Time Ts (µs)
	114.286
	160
	128
	114.286
	114.286

	
	FDD
	Number of OFDM 

symbols per 5ms frame
	43
	31
	39
	43
	43

	
	
	Idle time (µs)
	85.694
	40
	8
	85.694
	85.694

	
	TDD
	Number of OFDM 

symbols per 5ms frame
	42
	30
	37
	42
	42

	
	
	TTG + RTG (µs)
	199.98
	200
	264
	199.98
	199.98


Table 4: OFDMA parameters for IEEE 802.16m
Tone dropping at both edges of the frequency band based on 10 and 20 MHz systems can be used to support other bandwidths.

1  Frame Structure

1 Basic Frame Structure

The IEEE 802.16m basic frame structure is illustrated in Figure 35. Each 20 ms superframe is divided into four equally-sized 5 ms radio frames and begins with the superframe header (SFH). When using the same OFDMA parameters as in Table 4 with the channel bandwidth of 5 MHz, 10 MHz, or 20 MHz, each 5 ms radio frame further consists of eight subframes for CP sizes of 1/8 and 1/16. With the channel bandwidth of 8.75 and 7 MHz, each 5 ms radio frame further consists of seven and six subframes, respectively for CP sizes of 1/8 and 1/16.
A subframe is assigned for either DL or UL transmission. There are four types of subframes: 1) the type-1 subframe which consists of six OFDMA symbols, 2) the type-2 subframe which consists of seven OFDMA symbols, and 3) the type-3 subframe which consists of five OFDMA symbols, and 4) the type-4 subframe which consists of nine OFDMA symbols. This type is applied only to UL subframe for the 8.75MHz channel bandwidth when supporting the IEEE Std 802.16-2009 frames.
The basic frame structure is applied to FDD and TDD duplexing schemes, including H-FDD AMS operation. The number of switching points in each radio frame in TDD systems is two, where a switching point is defined as a change of directionality, i.e., from DL to UL or from UL to DL.

When H-FDD AMSs are included in an FDD system, the frame structure from the point of view of the H-FDD AMS is similar to the TDD frame structure; however, the DL and UL transmissions occur in two separate frequency bands. The transmission gaps between DL and UL (and vice versa) are required to allow switching the TX and RX circuitry. 

A data burst occupies either one subframe (i.e. the default TTI transmission) or multiple contiguous subframes (i.e. the long TTI transmission). The long TTI in FDD is equal to 4 subframes for both DL and UL. The long TTI in TDD is equal to the all the DL (UL) subframes in the DL (UL) in a frame.
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Figure 35: Basic frame structure for 5, 10, and 20 MHz channel bandwidths

1 Frame Structure for CP=1/8 Tu
For nominal channel bandwidths of 5, 10, and 20 MHz, an IEEE 802.16m frame for a CP of 1/8 Tu has eight type-1 subframes for FDD, and seven type-1 subframes and one type-3 subframe for TDD.

Figure 36 provides an example of  the TDD and FDD frame structure for 5, 10, and 20 MHz channel bandwidth with a CP of 1/8 Tu. With OFDM symbol duration of 102.857 µs and a CP length of 1/8 Tu, the length of type-1 and type-3 subframes are 0.617 ms and 0.514 ms, respectively. TTG and RTG are 105.714 µs and 60 µs, respectively. Other numerologies may result in different number of subframes per frame and symbols within the subframes.

In FDD, the structure of a frame (number of subframes, their types etc.) has to be identical for the DL and UL for each specific frame.
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Figure 36: TDD and FDD Frame Structure with a CP of 1/8 Tu (DL to UL ratio of 5:3)
1 Frame Structure for CP=1/16 Tu
For nominal channel bandwidths of 5, 10, and 20 MHz, an IEEE 802.16m frame for a CP of 1/16 Tu has five type-1 subframes and three type-2 subframes for FDD, and six type-1 subframes and two type-2 subframes for TDD. The subframe preceding a DL to UL switching point is a type-1 subframe.

Figure 37 provides an example of the TDD and FDD frame structure for 5, 10, and 20 MHz channel bandwidths with a CP of 1/16 Tu. With an OFDM symbol duration of 97.143 µs and a CP length of 1/16 Tu, the length of type-1 and type-2 subframes are 0.583 ms and 0.680 ms, respectively. TTG and RTG are 82.853 µs and 60 µs, respectively. Other numerologies may result in different number of subframes per frame and symbols within the subframes.
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Figure 37: TDD and FDD frame structure with a CP of 1/16 Tu (DL to UL ratio of 5:3)

In FDD, the structure of a frame (number of subframes, their  types etc.) has to be identical for the DL and UL  for each specific frame.

1   Frame Structure Supporting Legacy Frames
The legacy and IEEE 802.16m frames are offset by an integer number of subframes to accommodate new features such as the IEEE 802.16m Advanced Preamble (preamble), Superframe Header (system configuration information), and control channels, as shown in Figure 38. The FRAME_OFFSET shown in Figure 38 is for illustration.  It is an offset between the start of the legacy frame and the start of the IEEE 802.16m frame defined in a unit of subframes.  

For UL transmissions both TDM and FDM approaches are supported for multiplexing of R1 MSs and AMSs.

[image: image4]
Figure 38: Relative position of the IEEE 802.16m and IEEE Std 802.16-2009 radio frames (example TDD duplex mode)

1 The Concept of Time Zones

The time zone is defined as an integer number (greater than 0) of consecutive subframes. The concept of time zones is equally applied to TDD and FDD systems. The MZones and LZones are time-multiplexed (TDM) across time domain for the downlink. For UL transmissions both TDM and FDM approaches are supported for multiplexing of R1 MSs and AMSs. Note that DL/UL traffic for the AMS can be scheduled in either zone according to the mode (IEEE 802.16m or legacy IEEE Std 802.16-2009) with which AMS is connected to the ABS, but not in both zones at the same time, whereas the DL/UL traffic for the R1 MS can only be scheduled in the LZones.

In the absence of any IEEE Std 802.16-2009 system, the LZones will disappear and the entire frame will be allocated to the MZones and thereby new systems.

1 Time Zones in TDD

In a mixed deployment of R1 MSs and new AMSs, the allocation of time zones in the TDD mode is as shown in Figure 39. The duration of the zones may vary. Every frame starts with a preamble and the MAP followed by IEEE Std 802.16-2009 DL zone since R1 MSs/relays expect LZones in this region. Similarly, in a mixed deployment of R1 MSs and new AMSs, the UL portion starts with IEEE Std 802.16-2009 UL zone since R1 BS /R1 MS/RS expect IEEE Std 802.16-2009 UL control information be sent in this region. Here the coexistence is defined as a deployment where R1 BSs and ABSs co-exist on the same frequency band and in the same or neighboring geographical areas. In a green-field deployment where no R1 MS exists, the LZones can be removed.

The DL to UL and UL to DL switching points should be synchronized across network to reduce inter-cell interference. 

The switching points would require use of idle symbols to accommodate the gaps. In case of TDD operation with the generic frame structure, the last symbol in the slot immediately preceding a downlink-to-uplink/uplink-to-downlink switching point may be reserved for guard time and consequently not transmitted.
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Figure 39: Example of time zones in TDD mode

1 Time Zones in FDD

In a mixed deployment of legacy terminals and new AMSs, an example of the allocation of time zones in the FDD mode is shown in Figure 40.

[image: image5.png]



Figure 40: Example of time zones in FDD mode
1   Relay Support in Frame Structure

An ABS that supports ARSs communicates with the ARS in the MZone. The access link and the relay link communications in the LZone is multiplexed in accordance with the IEEE Std 802.16j specifications. 

An RS radio frame may also define points where the RS switches from receive mode to transmit mode or from transmit mode to receive mode, where the receiving and transmitting operations are both performed on either DL or UL data. An ARS communicates with the R1 MS in the LZone.

The start of the LZone and MZone of the ABS and all the subordinate RSs/ARSs associated with the ABS are time aligned. The duration of the LZone of the ABS and the RS may be different.

· IEEE Std 802.16-2009 Access Zone

· where an ABS, an RS or an ARS communicates with an R1 MS.

· IEEE Std 802.16j-2009 Relay Zone

· where ABS communicates with a RS.

The relay frame structure is illustrated in Figure 41.
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Figure 41: Relay frame structure

Definitions related to Figure 41:

· IEEE 802.16m DL Access Zone: An integer multiple of subframes located in the MZone of the ABS frame, where an ABS can transmit to the AMSs.

· IEEE 802.16m UL Access Zone: An integer multiple of subframes located in the MZone of the ABS frame, where an ABS can receive from the AMSs.

· DL Access Zone: An integer multiple of subframes located in the Mzone of the DL of the ABS frame or ARS frame, where a ABS or an ARS can transmit to the AMSs. A-PREAMBLE and SFH as well as unicast transmissions may be performed in this zone. 

· UL Access Zone: An integer multiple of subframes located in the Mzone of the UL of the ABS frame, where an ABS can receive from the AMSs. 

· DL Transmit Zone: An integer multiple of subframes located in the MZone of the DL of the ABS frame or ARS frame, where an ABS or ARS can transmit to subordinate ARSs and the AMSs. 

· DL Receive Zone: An integer multiple of subframes located in the MZone of the DL of the ARS frame, where a ARS can receive from its superordinate station.

· UL Transmit Zone: An integer multiple of subframes located in the MZone of the UL of the ARS frame, where a ARS can transmit to its superordinate station.

· UL Receive Zone: An integer multiple of subframes located in the MZone of the UL of the ABS frame or ARS frame, where an ABS or ARS can receive from its subordinate ARSs and the AMSs.

· Network Coding Transmit Zone: An integer multiple of subframes located in the DL of the frame of the Odd Hop ARS which is directly attached to the ABS, where an Odd Hop ARS can transmit network coded transmissions to the ABS and Even Hop ARS. The transmissions to the AMS in this zone are being studied.

· Network Coding Receive Zone: An integer multiple of subframes located in the DL of the ABS or Even Hop ARS frame, where an ABS or Even Hop ARS can receive network coded transmissions from the ARS directly attached to the ABS.

If the ABS supports network coding, the presence of the aforementioned zones is determined by the ABS depending on the number of hops and the ARS capabilities. The Network Coding Transmit Zone may be present in an ARS frame if the ARS supports network coding. If the Network Coding Transmit Zone is present, it appears only in the frame of an ARS which is directly attached to the ABS. The Network Coding Receive Zone may be present only in the frames of the ABS and the even hop ARS that is two hops away from the ABS, if the ARS and the ABS support network coding.

1   Coexistence Support in Frame Structure

IEEE 802.16m downlink radio frame is time aligned with reference timing signal as defined in Section 19.1 and should support symbol puncturing to minimize the inter-system interference.

1 Adjacent Channel Coexistence with E-UTRA (LTE-TDD) 

Coexistence between IEEE 802.16m and E-UTRA in TDD mode may be facilitated by inserting either idle symbols within the IEEE 802.16m frame or idle subframes, for certain E-UTRA TDD configurations. An operator configurable delay or offset between the beginning of an IEEE 802.16m frame and an E-UTRA TDD frame can be applied in some configurations to minimize the time allocated to idle symbols or idle subframes. Figure 42 shows two examples using frame offset to support coexistence with E-UTRA TDD in order to support minimization of the number of punctured symbols within the IEEE 802.16m frame. 
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Figure 42: Alignment of IEEE 802.16m frame and E-UTRA frame in TDD mode

1 Adjacent Channel Coexistence with UTRA LCR-TDD (TD-SCDMA)

Coexistence between IEEE 802.16m and UTRA LCR-TDD may be facilitated by inserting either idle symbols within the IEEE 802.16m frame or idle subframes. An operator configurable delay or offset between the beginning of an IEEE 802.16m frame and an UTRA LCR-TDD frame can be applied in some configurations to minimize the time allocated to idle symbols or idle subframes. Figure 43 demonstrates how coexistence between IEEE 802.16m and UTRA LCR-TDD can be achieved to minimize the inter-system interference.
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Figure 43: Alignment of IEEE 802.16m frame with UTRA LCR-TDD frame in TDD mode

1  Downlink Physical Structure

Each downlink subframe is divided into four or fewer frequency partitions, where each partition consists of a set of physical resource units across the total number of OFDMA symbols available in the subframe. Each frequency partition can include contiguous (localized) and/or non-contiguous (distributed) physical resource units. Each frequency partition can be used for different purposes such as fractional frequency reuse (FFR) or multicast and broadcast services (MBS). The example in Figure 44 illustrates the downlink physical structure with two frequency partitions.  In the example shown, frequency partition 2 includes both localized and distributed resource allocations and Sc stands for subcarrier.
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Figure 44: Example of the downlink physical structure

1   Physical and Logical Resource Unit

A physical resource unit (PRU) is the basic physical unit for resource allocation that comprises Psc consecutive subcarriers by Nsym consecutive OFDMA symbols. Psc is 18 subcarriers and Nsym is 6, 7, and 5 OFDMA symbols for type-1, type-2, and type-3 subframes, respectively. A logical resource unit (LRU) is the basic logical unit for localized and distributed resource allocations. An LRU comprises Psc · Nsym subcarriers and includes the pilots that are used in a PRU.

1 Distributed Logical Resource Unit

The distributed logical resource unit (DLRU) can be used to achieve frequency diversity gain. The DLRU contains a group of subcarriers which are spread across the distributed resources within a frequency partition. The minimum unit for forming the DLRU is equal to one subcarrier or a pair of subcarriers, called a tone-pair. The downlink DLRUs are obtained by subcarrier permuting on the data subcarriers of the distributed resource units (DRUs). The size of the DRU equals the size of the PRU, i.e., Psc subcarriers by Nsym OFDMA symbols. The minimum unit for forming the DRU is equal to one subcarrier or a pair of subcarriers, called a tone-pair. 

1 Contiguous Logical Resource Unit

The localized resource unit, also known as contiguous resource unit (CLRU) can be used to achieve frequency-selective scheduling gain. The CLRU contains a group of subcarriers which are contiguous across the localized resource allocations within a frequency partition. A CLRU consists of the data subcarriers only in the contiguous resource unit (CRU), the size of which the CRU equals the size of the PRU, i.e., Psc subcarriers by Nsym OFDMA symbols. Two types of CLRUs, subband LRU (SLRU) and miniband LRU (NLRU), are supported according to the two types of CRUs, subband and miniband based CRUs, respectively.
1   Subchannelization and Resource Mapping

1 Basic Symbol Structure

The subcarriers of an OFDMA symbol are partitioned into Ng,left left guard subcarriers, Ng,right right guard subcarriers, and Nused used subcarriers. The DC subcarrier is not loaded. The Nused subcarriers are divided into PRUs. Each PRU contains pilot and data subcarriers. The number of used pilot and data subcarriers depends on the MIMO mode, rank and number of multiplexed AMS as well as the type of the subframe, i.e., type-1, type-2, or type-3.
1 Downlink Resource Unit Mapping

The PRUs are first subdivided into subbands and minibands where a subband comprises N1 adjacent PRUs and a miniband comprises N2 adjacent PRUs, where N1 =4 and N2 =1. Subbands are suitable for frequency selective allocations as they provide a contiguous allocation of PRUs in frequency. Minibands are suitable for frequency diverse allocation and are permuted in frequency. 

The downlink subcarrier to resource unit mapping process is defined as follows and illustrated in the Figure 45: 

1. An outer permutation is applied to the PRUs in the units of N1 and N2 PRUs, where N1 =4 and N2 =1. Direct mapping of outer permutation can be supported only for CRUs.

2. The reordered PRUs are distributed into frequency partitions.

3. The frequency partition is divided into localized and/or distributed resource allocations. The sizes of the distributed/localized groups are flexibly configured per sector. Adjacent sectors do not need to have same configuration for the localized and distributed groups. 

4. The localized and distributed resource units are further mapped into LRUs by direct mapping for CRUs and by “subcarrier permutation” for DRUs. 
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Figure 45: Illustration of the downlink resource unit mapping

1 Subchannelization for Downlink Distributed Resource Allocation

The subcarrier permutation defined for the downlink distributed resource allocations spreads the subcarriers of the DRU across all the distributed resource allocations within a frequency partition. After mapping all pilots, the remaining used subcarriers are used to define the DRUs. To allocate the LRUs, the remaining subcarriers are paired into contiguous subcarrier-pairs. Each LRU consists of a group of subcarrier-pairs. 

Suppose that there are NRU DRUs. A permutation sequence, P for the distributed group is provided and the subchannelization for downlink distributed resource allocations is performed using the following procedure:

For every kth OFDMA symbol in the subframe

1. Let nk denote the number of pilot tones in the kth OFDMA symbol within a PRU. Allocate the nk pilots in the kth OFDMA symbol within each PRU;

2. Let NRU denote the number of DRUs within the frequency partition. Renumber the remaining NRU · (Psc - nk) data subcarriers of the DRUs in order, from 0 to NRU ·(Psc - nk)-1 subcarriers. 

3. Group these contiguous and logically renumbered subcarriers into NRU · (Psc - nk)/2 pairs and renumber them from 0 to NRU · (Psc - nk)/2-1.

4. Apply the subcarrier permutation formula with the permutation sequence P or data subcarrier-pairs.

5.  Map each set of logically contiguous (Psc - nk) subcarriers into distributed LRUs (i.e. subchannels) and form a total of NRU distributed LRUs (DLRU).

1 Subchannelization for Downlink Localized Resource

There is no subcarrier permutation defined for the downlink localized resource allocations. The CRUs are directly mapped to the subband and miniband LRUs within each frequency partition.

1   Pilot Structure

The transmission of pilot subcarriers in the downlink is necessary for enabling channel estimation, measurements of channel quality indicators such as the SINR, frequency offset estimation, etc. To optimize the system performance in different propagation environments and applications, IEEE 802.16m supports both common and dedicated pilot structures. The categorization of common and dedicated pilots is done with respect to their usage. Common pilots can be used by all AMSs. Dedicated pilots can be used with both localized and distributed allocations.  The dedicated pilots are associated with a specific resource allocation, and can be only used by the AMSs to which the specified resource is allocated. Therefore the dedicated pilots can be precoded or beamformed in the same way as the data subcarriers of the specified resource. The pilot structure is defined for up to eight transmission (Tx) streams and there is a unified pilot pattern design for common and dedicated pilots. There is equal pilot density per Tx stream, while there is not necessarily equal pilot density per OFDMA symol of the downlink subframe. Further, within the same subframe there is equal number of pilots for each PRU of a data burst assigned to one AMS. 

1 Pilot Patterns
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Figure 46: Pilot patterns used for one and two DL data streams.

Pilot patterns are specified within a PRU. Base pilot patterns used for one and two DL data streams in dedicated and common pilot scenarios are shown in Figure 46 with the sub-carrier index increasing from top to bottom and the OFDMA symbol index increasing from left to right. The numbers on the pilot locations indicate the stream that they correspond to.

The pilot pattern of the type-3 subframe is obtained by deleting the last OFDMA symbol of the type-1 subframe. The pilot pattern of the type-2 subframe is obtained by adding the first OFDMA symbol of the type-1 subframe to the end of the type-1 subframe.

Interlaced pilot patterns are generated by cyclic shifting the base pilot pattern and are used by different ABSs for one and two Tx streams. The interlaced pilot patterns for one and two Tx streams are shown in Figure 47 and Figure 48, respectively. Each ABS chooses one of the three pilot pattern sets (Pilot #0, Pilot #1 and Pilot #2) shown in Figure 47 and Figure 48. The index of the pilot pattern set pk used by a particular ABS with Cell_ID = k is determined according to equation (1)
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The pilot pattern in Figure 49 is used for 3 and 4 data streams DL dedicated and common pilots. Rank-1 precoding may use two stream pilots. For 3-stream MIMO transmissions, the first three of the four pilot streams will be used and the unused pilot stream is allocated for data transmission.
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Figure 47: Interlaced pilot patterns for one pilot stream
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Figure 48: Interlaced pilot patterns for two pilot streams
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Figure 49: Pilot Pattern for four stream pilots, Pk denotes pilot for stream k.
The pilot pattern of the type-3 subframe is obtained by deleting the third OFDMA symbol of the type-1 subframe. The pilot pattern of the type-2 subframe is obtained by adding the third OFDMA symbol of the type-1 subframe to the end of the type-1 subframe. 

The pilot patterns for eight Tx streams are shown in with the subcarrier index increasing from top to bottom and the OFDMA symbol index increasing from left to right. Subfigure (a) in Figure 50 shows the pilot pattern for eight Tx streams in subframe with six OFDMA symbols; Subfigure (b) in Figure 50 shows the pilot pattern for eight Tx streams in subframe with five OFDMA symbols; Subfigure (c) in Figure 50 shows the pilot pattern for eight Tx streams in subframe with seven OFDMA symbols.
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Figure 50 : Pilot pattern for eight Tx streams
1 E-MBS Zone Specific Pilot for MBSFN

E-MBS zone specific pilots are transmitted for multi-cell multicast broadcast single frequency network (MBSFN) transmissions. An E-MBS zone is a group of ABSs involved in an SFN transmission. The E-MBS zone specific pilots that are common inside one E-MBS zone but different between neighboring E-MBS zones are configured. Synchronous transmissions of the same contents with common pilot from multiple ABS in one MBS zone would result in correct MBSFN channel estimation.

The E-MBS zone specific pilots depend on the maximum number of Tx streams within the E-MBS zone.  Pilot structures/patterns should be supported up to two Tx streams. The definitions of the E-MBS zone specific pilots are being studied.
1 MIMO Midamble

MIMO midamble is used for PMI selection in closed loop MIMO. For open-loop MIMO, midamble can be used to calculate CQI. The midamble signal occupies one OFDMA symbol in a downlink subframe. The MIMO midamble is transmitted once every frame.
1   Uplink Physical Structure

Each UL subframe is divided into four or fewer frequency partitions, where each partition consists of a set of physical resource units across the total number of OFDMA symbols available in the subframe. Each frequency partition can include contiguous (localized) and/or non-contiguous (distributed) physical resource units. Each frequency partition can be used for different purposes such as fractional frequency reuse (FFR). The example in Figure 51 illustrates the uplink physical structure with two frequency partitions. In the example shown, frequency partition 2 includes both localized and distributed resource allocations and Sc stands for subcarrier.
[image: image65.bmp]
[image: image17]
Figure 51: Example of uplink physical structure
1   Physical and Logical Resource Unit

A physical resource unit (PRU) is the basic physical unit for resource allocation that comprises Psc consecutive subcarriers by Nsym consecutive OFDMA symbols. Psc is 18 subcarriers and Nsym is 6, 7 and 5 OFDMA symbols for type-1, type-2, and type-3 subframes respectively. A logical resource unit (LRU) is the basic logical unit for distributed and localized resource allocations and its size is Psc · Nsym subcarriers for data transmission. The effective number of data subcarriers in an LRU depends on the number of allocated pilots and control channel presence.

1 Distributed Logical Resource unit

The distributed resource unit (DLRU) can be used to achieve frequency diversity gain. The uplink distributed logical resource unit (DLRU) contains subcarriers from 3 tiles that are spread across the distributed resource allocations within a frequency partition. The minimum unit for forming the uplink DLRU is a tile. The uplink tile size is 6 x Nsym, where the value of Nsym depends on the AAI subframe type. The DRU contains a group of subcarriers which are spread across distributed resource allocations within a frequency partition. The size of the DRU equals the size of the PRU, i.e., Psc subcarriers by Nsym OFDMA symbols. The minimum unit for forming the DRU is a tile. The uplink tile size is 6 · Nsym.  An 18x2 tile size for UL transmit power optimized distributed groups and other tile sizes are being studied. Details of the UL transmit power optimized distributed allocation are being studied.

1 Contiguous Logical Resource unit

The localized resource unit, also known as contiguous resource unit (CLRU) can be used to achieve frequency-selective scheduling gain. The CLRU contains a group of subcarriers which are contiguous across the localized resource allocations. CLRU consists of the data subcarriers only in the contiguous resource unit (CRU), the size of which the CRU equals the size of the PRU, i.e., Psc subcarriers by Nsym OFDMA symbols.

1   Subchannelization and Resource Mapping

1 Basic Symbol Structure

The subcarriers of an OFDMA symbol are partitioned into Ng,left left guard subcarriers, Ng,right right guard subcarriers, and Nused used subcarriers. The DC subcarrier is not loaded. The Nused subcarriers are divided into PRUs. Each PRU contains pilot and data subcarriers. The number of used pilot and data subcarriers depends on MIMO mode, rank and number of multiplexed AMS and the type of resource allocation, i.e., distributed or localized resource allocations as well as the type of the subframe, i.e., type-1, type-2 or type-3.
1 Uplink Subcarrier to Resource Unit Mapping

The PRUs are first subdivided into subbands and minibands, where a subband comprises N1 adjacent PRUs and a miniband comprises N2 adjacent PRUs, where N1 =4 and N2 =1. Subbands are suitable for frequency selective allocations as they provide a contiguous allocation of PRUs in frequency. Minibands are suitable for frequency diverse allocation and are permuted in frequency. 

The main features of resource mapping include:

1. Support of CRUs and DRUs in an FDM manner.

2. DRUs comprising multiple tiles which are spread across the distributed resource allocations to obtain frequency diversity gain.

FFR may be applied in the uplink.

 

Based on the main design concepts above, the uplink resource unit mapping process is illustrated in Figure 52 and defined as follows:

1. An outer permutation is applied to the PRUs in the units of N1 and N2 PRUs. Direct mapping of outer permutation can be supported only for CRUs.

2. The reordered PRUs are distributed into frequency partitions.

3. A frequency partition is divided into localized and/or distributed resource allocations. Sector specific permutation can be supported; direct mapping of the resources can be supported for localized resource. The sizes of the distributed/localized groups are flexibly configured per sector. Adjacent sectors do not need to have same configuration of localized and diversity resources. 

4. The subcarriers in the localized and distributed resource allocations are further mapped into LRUs by direct mapping for CRUs and by tile-permutation for DRUs.

1 Subchannelization for Uplink Distributed Resource Allocation

An inner permutation defined for the uplink distributed resource allocations, which spreads the tiles of the DRU across all the distributed resource allocations within a frequency partition. Each of the DRUs of an uplink frequency partition is divided into 3 tiles of 6 adjacent subcarriers over Nsym symbols. The tiles within a frequency partition are collectively tile-permuted to obtain frequency diversity gain across the allocated resources.

Two kinds of distributed resource allocation are used for UL distributed subchannelization, (1) regular distributed allocation (2) UL transmit power optimized distributed allocation. The UL transmit power optimized distributed resource is allocated first. The rest of the frequency resource is then allocated for regular distributed allocation. A hopping/permutation sequence is defined for the power optimized allocation that spreads the hopping units across frequency. The granularity of the inner permutation is equal to the tile size for forming a DRU according to Section 11.6.1.1.

1 Subchannelization for Uplink Localized Resource

 Localized subchannels contain subcarriers which are contiguous in frequency.  There is no inner permutation defined for the uplink localized resource allocations. The CRUs are directly mapped to localized LRUs within each frequency partition. Precoding and/or boosting applied to the data subcarriers can be applied to the pilot subcarriers.
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Figure 52: Illustration of the uplink resource unit mapping
1    Pilot Structure
The transmission of pilot subcarriers in the uplink is necessary for enabling channel estimation, measurement of channel quality indicators such as SINR, frequency offset and timing offset estimation, etc. The uplink pilots are dedicated to localized and distributed resource units and are precoded using the same precoding as the data subcarriers of the resource allocation. The pilot structure is defined for up to 4 Tx streams.

The pilot pattern may support variable pilot boosting. When pilots are boosted, each data subcarrier should have the same Tx power across all OFDMA symbols in a resource block.  

The uplink pilot patterns are specified within a CRU comprising Psc · Nsym subcarriers for contiguous resource allocations and within a tile comprising 6 · Nsym subcarriers for distributed resource allocations.

 

The downlink 18x6 pilot patterns (type-1 subframe) and 18x7 pilot patterns (type-2 subframe) defined in Section 11.5.3 are used for the uplink 18x6 pilot patterns (type-1 subframe) and 18x7 pilot patterns (type-2 subframe), respectively, which include pilots for up to four Tx streams. Interlaced pilot patterns are not used for the uplink.

 

The pilot structure for distributed resource allocations with a 6-by-6 tile is shown in Figure 53, with the subcarrier index increasing from top to bottom and the OFDMA symbol index increasing from left to right, where the number of Tx streams is one or two. Rank-1 precoding may use two stream pilots.
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Figure 53: Uplink pilot patterns for one and two streams
1   WirelssMAN-OFDMA System Support

The IEEE 802.16m uplink physical structure supports both frequency division multiplexing (FDM) and time division multiplexing (TDM) with the WirelessMAN OFDMA reference system. 

When the WirelessMAN OFDMA reference system operates in the PUSC mode, a symbol structure according to IEEE 802.16m PUSC should be used in order to provide FDM-based legacy support.

1 Distributed Resource Unit for IEEE 802.16m PUSC 

Unlike the DRU structure defined in Section 11.6.1.1, a DRU in IEEE 802.16m PUSC contains six tiles whose size is 4 ·Nsym, where Nsym depends on the subframe type. Figure 54 shows a tile structure when a subframe has 6 symbols. 


[image: image20]
Figure 54: Tile structure in IEEE 802.16m PUSC
1 Subchannelization for IEEE 802.16m PUSC 

The subchannelization for IEEE 802.16m PUSC is identical to the WirelessMAN OFDMA reference system uplink PUSC [3]. For a given system bandwidth, the total usable subcarriers are allocated to form tiles (four contiguous subcarriers) and every tile is permuted according to permutation defined in uplink PUSC [3]. Once subchannelization is done, every subchannel is assigned to either the WirelessMAN OFDMA reference system or the IEEE 802.16m system. Figure 55 shows the uplink frame which is divided in frequency domain into two logical regions – one is for the WirelessMAN OFDMA reference system PUSC subchannels and the other is for IEEE 802.16m PUSC DRUs.
[image: image21.emf]
Figure 55: Subchannelization of IEEE 802.16m PUSC and DRU structure
1 
Downlink Control Structure

DL control channels are needed to convey information essential for system operation. In order to reduce the overhead and network entry latency, and improve robustness of the DL control channel, information is transmitted hierarchically over different time scales from the superframe level to the subframe level. Broadly speaking, control information related to system parameters and system configuration is transmitted at the superframe level, while control and signaling related to traffic transmission and reception is transmitted at the frame/subframe level. 

In mixed mode operation (legacy/IEEE 802.16m), an AMS can access the system without decoding legacy FCH and legacy MAP messages.

1 
Downlink Control Information Classification 

Information carried in the DL control channels is classified as follows.

1 Synchronization Information

This type of control information is necessary for synchronization and system acquisition. 

1 System Configuration Information

This includes a minimal set of time critical system configuration information and parameters needed for the mobile station (AMS) to complete cell selection and system access in a power efficient manner

1 Extended System Parameters and System Configuration Information

This category includes additional system configuration parameters and information not critical for access, but needed and used by all AMSs after system acquisition. Examples of this class include information required for handover such as handover trigger, and neighbor ABS information.

1 Control and Signaling for DL Notifications

Control and signaling information may be transmitted in the DL to provide network notifications to a single user or a group of users in the idle mode and sleep mode. Example of such notification is paging, etc.

1 Control and Signaling for Traffic

The control and signaling information transmitted in the DL for resource allocation to a single user or a group of users in active or sleep modes is included in this category. This class of information also includes feedback information such as power control and DL acknowledgement signaling related to traffic transmission/reception. 

1 
Transmission of Downlink Control Information

1 Advanced Preamble (A-PREAMBLE)

The Advanced Preamble (A-PREAMBLE) is a DL physical channel which provides a reference signal for timing, frequency, and frame synchronization, RSSI estimation, channel estimation, and ABS identification.

1 Advanced Preamble Design Considerations

Table 5 defines considerations taken into account in the design of the A-PREAMBLE.

	Convergence time
	Time interval for the probability of error in A-PREAMBLE index detection to be less than 1% under non-ideal assumptions on the timing and carrier synchronization, measured from the start of the acquisition process.

	Correct detection
	Selection of an ABS among the co-channel ABSs whose received powers averaged over the convergence time are within 3 dB of the ABS with the highest received power 

	Coverage area
	Area where the false detection probability is less than 1% within the convergence time

	Overhead
	Total radio resources (time and frequency) per superframe that can not be used for other purpose because of A-PREAMBLE

	Cell ID set
	The cell ID set is the set of unique A-PREAMBLE symbols for differentiating between macrocell/femtocell/sector/relay transmitters

	Multi-bandwidth support
	Design of A-PREAMBLE for different bandwidths as specified in Table 4 

	Multi-carrier support
	Design of A-PREAMBLE to support functionality described in Sections 8.1.3 and  17


Table 5: Definitions related to the A-Preamble
1 Overhead

In mixed mode operation the A-PREAMBLE overhead is less than or equal to 4% per superframe including the legacy preamble, where the 4% is calculated based on the ratio of A-PREAMBLE resource and that of usable resource for transmitting data. 

In IEEE 802.16m only mode operation the A-PREAMBLE overhead is less than or equal to 2.6% per superframe, where the 2.6% is calculated based on the ratio of A-PREAMBLE resource and that of usable resource for transmitting data.

1 Synchronization

The A-Preamble provides time and frequency synchronization including frame and superframe alignment.

1 Coverage

The coverage of the IEEE 802.16m A-PREAMBLE is not worse than the minimum of the required coverage for broadcasting channel, control channel and unicast data channel under channel conditions defined in the IEEE 802.16m evaluation methodology for the supported cell sizes.

1 Cell IDs

The cell ID is obtained from the A-PREAMBLE. To support Femto ABS and ARS deployments, the number of unique cell IDs that can be conveyed by the SA-PREAMBLE is equal to 768.

1 MIMO Support and Channel Estimation

The IEEE 802.16m A-PREAMBLE supports multi-antenna transmissions. Channel estimation is supported from the A-PREAMBLE in order to enable control/data channel decoding. 

1 Multi-carrier Multi-bandwidth Support

IEEE 802.16m A-PREAMBLE supports multi-bandwidth and multi-carrier operations.

1 Measurement Support

IEEE 802.16m A-PREAMBLE supports noise power estimation.

1 Sequence Requirements

The A-Preamble PAPR and peak power is no larger than that of other downlink signals.

1 Advanced Preamble Architecture

1 Overview

1 Hierarchy

IEEE 802.16m supports hierarchical synchronization with two levels. These are called the Primary Advanced Preamble (PA-PREAMBLE) and Secondary Advanced Preamble (SA-PREAMBLE). The PA-PREAMBLE is used for initial acquisition, superframe synchronization and sending additional information. The SA-PREAMBLE is used for fine synchronization, and cell/sector identification (ID). 
1 Multiplexing

PA-PREAMBLE and SA-PREAMBLE are TDM

1 Number of Symbols in A-PREAMBLE

A complete instance of the A-PREAMBLE exists within a superframe. Multiple symbols within the superframe may comprise the A-PREAMBLE.

In mixed deployments, the presence of the IEEE Std 802.16-2009 preamble is implicit.

1 Location of Synchronization Symbols

In mixed deployments, the IEEE Std 802.16-2009 preamble is located in the first symbol of the IEEE Std 802.16-2009 frame. The location of the A-PREAMBLE symbol(s) is fixed within the superframe.

One PA-Preamble symbol and three SA-Preamble symbols exist within the superframe. The location of the A-Preamble symbol is specified as the first symbol of frame. PA-Preamble is located at the first symbol of second frame in a superframe while SA-Preamble is located at the first symbol of remaining three frames as depicted in Figure 56.
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Figure 56: Structure of the A-Preamble

The length of sequence for PA-Preamble is 216 regardless of the FFT size. PA-Preamble carries the information related to system bandwidth, and carrier configuration, where the subcarrier index 256 is reserved for DC subcarrier. 

SA-Preamble sequences are partitioned and each partition is dedicated to specific base station type such as Macro ABS, Macro Hotzone ABS, Femto ABS and etc. The partition information is broadcasted in the Secondary Superframe Header (S-SFH)

For the support of femtocell deployment, a Femto ABS should self-configure the segment or subcarrier set for SA-Preamble transmission based on the segment information of the overlay macrocell ABS for minimized interference to macrocell if the Femto ABS is synchronized to macrocell ABSs. The segment information of the overlay macrocell ABS may be obtained by communications with macrocell ABS through backbone net​work or active scanning of SA-Preamble transmitted by macrocell ABS.

1 Properties of PA-PREAMBLE & SA-PREAMBLE 

The PA-PREAMBLE has these properties:

· Common to a group of sectors/cells

·  Supports limited signaling (e.g., system bandwidth, carrier information, etc.)

· Fixed number of subcarriers ( but the occupied bandwidth is less than 5MHz)

The SA-PREAMBLE has these properties:

· Full bandwidth

· Carries cell ID information

1 Description of Legacy Support/Reuse

IEEE 802.16m system will exist in both greenfield and mixed (coexisting IEEE Std 802.16-2009 and IEEE 802.16m equipment) deployments. In mixed deployments the IEEE Std 802.16-2009 preamble will be always present. As discussed in the design considerations, the IEEE 802.16m A-PREAMBLE is designed so as not to degrade the performance of legacy acquisition. The IEEE 802.16m A-PREAMBLE enables AMSs to synchronize in frequency and time without requiring the IEEE Std 802.16-2009 preamble.

The IEEE 802.16m PA-PREAMBLE supports a timing synchronization by autocorrelation with a repeated waveform. The structure of PA-PREAMBLE is not identical to that of legacy preamble in the time domain.

The structure of the A-Preamble for legacy support is illustrated in 57.
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Figure 57: A-Preamble transmission structure with legacy support
1 Cell ID Support

Sectors are distinguished by the Advanced Preamble. Each segment uses an SA-Preamble composed of a carrier-set out of the three available carrier-sets in the following manner:

· Segment 0 uses SA-Preamble carrier-set 0.

· Segment 1 uses SA-Preamble carrier-set 1.

· Segment 2 uses SA-Preamble carrier-set 2.

1 Multicarrier and Multi-bandwidth Support

For the 512-FFT size, the 144-bit SA-Preamble sequence is divided into 8 main blocks, namely, A, B, C, D, E, F, G, and H. The length of each block is 18 bits. Each segment ID has different sequence blocks. For the 512-FFT size, A, B, C, D, E, F, G, and H are modulated and mapped sequentially in ascending order onto the SA-Preamble subcarrier-set corresponding to segment ID. For higher FFT sizes, the basic blocks (A, B, C, D, E, F, G, H) are repeated in the same order. For instance in the 1024-FFT size, E, F, G, H, A, B, C, D, E, F, G, H, A, B, C, D are modulated and mapped sequentially in ascending order onto the SA-Preamble subcarrier-set corresponding to segment ID. 
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Figure 58: The allocation of sequence block for each FFT size

A circular shift is applied over three consecutive sub-carriers after applying subcarrier mapping. Each subblock has common offset. The circular shift pattern for each subblock is: 

[2,1,0……., 2,1,0, ….., 2,1,0, 2,1,0, DC, 1,0,2, 1,0,2, ……, 1,0,2,  …….1,0,2] where the shift is right circular. 

For the 512-FFT size, the blocks (A, B, C, D, E, F, G, H) experience the following right circular shift (0, 2, 1, 0, 1, 0, 2, 1), respectively. Figure 59 depicts the symbol structure of SA-Preamble in the frequency domain for the 512-FFT. 
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Figure 59: SA-Preamble symbol structure for 512-FFT

1 MIMO Support and Channel Estimation 

For multiple antenna systems, the SA-Preamble blocks are interleaved on the number of antennas (1, 2, 4 or 8). Where employed, MIMO support is achieved by transmitting A-PREAMBLE subcarriers from known antennas. Multiple antenna transmission is supported using:

(a) Cyclic delay diversity (with antenna specific delay values) for the PA-Preamble and

(b) Interleaving within a symbol (multiple antennas can transmit within a single symbol but on distinct subcarriers) for the SA-Preamble.

1 Advanced Preamble Sequence Design Properties

The A-PREAMBLE enables timing synchronization by autocorrelation. The power can be boosted. 

The PA-PREAMBLE is mapped with every other subcarrier on the frequency domain. Frequency reuse of 1 is applied to PA-PREAMBLE.
Frequency reuse of 3 is applied to SA-PREAMBLE.

1 Superframe Header (SFH)

The Superframe Header (SFH) carries essential system parameters and system configuration information. The SFH is divided into two parts: Primary Superframe Header (P-SFH) and Secondary Superframe Header (S-SFH).

1 Primary Superframe Header (P-SFH) and Secondary Superframe Header (S-SFH)

The Primary Superframe Header (P-SFH) and the Secondary Superframe Header (S-SFH) carry essential system parameters and system configuration information. The P-SFH is transmitted every superframe. The P-SFH IE is of fixed size and contains essential system information. It is mapped to the P-SFH.

When present, the S-SFH may be transmitted over one or more superframes. The S-SFH is of variable size. The size of S-SFH is indicated by the P-SFH. Essential system parameters and system configuration information carried in the S-SFH is categorized into multiple subpacket IEs. Each S-SFH subpacket IE is of a fixed size. The S-SFH IEs are transmitted with different timing and periodicity and are mapped to the S-SFH.

The S-SFH Sub-Packet 1 (SP1) Information Element (IE) includes information needed for network re-entry. S-SFH SP2 contains information for initial network entry and network discovery. S-SFH SP3 contains remaining essential system information information for maintaining communication with the ABS.

1 Location of the SFH

The SFH includes P-SFH and the S-SFH, and is located in the first subframe within a superframe. The P-SFH and S-SFH are assigned no more than 24 distributed LRUs (5 MHz bandwidth). 
1 Multiplexing of the P-SFH and S-SFH with Other Control Channels and Data Channels

The P-SFH/S-SFH is TDM with the A-PREAMBLE.

If SFH occupies narrower BW than system BW, the P-SFH and S-SFH in SFH are FDM with data within the same subframe.

The P-SFH is FDM with the S-SFH within the first subframe.

1 Transmission Format 

The P-SFH and S-SFH are transmitted using predetermined modulation and coding schemes. The modulation for the P-SFH and the S-SFH is QPSK.

The effective coding rate for the P-SFH is 1/24 (or 1/16) and the effective coding rate for S-SFH is configured by the P-SFH. 

Multiple antenna schemes for transmission of the P-SFH/S-SFH are supported. The AMS is not required to know the antenna configuration prior to decoding the P-SFH.

Two-stream SFBC with two Tx antennas is used for P-SFH and S-SFH transmission. For more than 2-Tx antenna configurations, the P-SFH and S-SFH are transmitted using 2-stream SFBC with precoding, which is decoded by the AMS without any information on the precoding and antenna configuration.

The physical processing of the P-SFH IE is shown in Figure 60.
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Figure 60: Physical Processing of the P-SFH

The physical processing of the S-SFH IE is shown in Figure 61.
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Figure 61: Physical Processing of the S-SFH

Tail-biting convolutional codes with rate 1/4 as the mother rate are used for the P-SFH and S-SFH. 

1 Resource Allocation 

The subframe where the P-SFH and S-SFH are located has one frequency partition. All PRUs in the subframe where P-SFH and S-SFH are located are permuted to generate distributed LRUs.
The P-SFH and S-SFH are assigned no more than 24 distributed LRUs. The remaining distributed LRUs in the first subframe of a superframe are used for other control and data transmission.

The PHY structure for transmission of P-SFH and S-SFH is described in Section 11.5.1. The P-SFH and S-SFH use distributed LRUs.

1 Advanced MAPs (A-MAP)

1 Unicast Service Control Information/Content

Unicast service control information consists of both user-specific control information and non-user-specific control information.

User-specific control information is further divided into assignment information, HARQ feedback information, and power control information, and they are transmitted in the assignment A-MAP, HARQ feedback A-MAP, and power control A-MAP, respectively. All the A-MAPs share a region of physical resources called A-MAP region. 

In the DL subframes where the A-MAP regions can be allocated, each frequency partition may contain an A-MAP region. The A-MAP region occupies the first few distributed LRUs in a frequency partition. The structure of an A-MAP region is illustrated as an example in the following figure. The resources occupied by each A-MAP physical channel may vary depending on the system configuration and scheduler operation. The A-MAP region consists of a number of distributed LRUs.
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Figure 62: The structure of an A-MAP region

1 Non-user-specific Control Information

Non-user-specific control information consists of information that is not dedicated to a specific user or a specific group of users. It includes information required to decode the user-specific control. Non-user-specific control information that is not carried in the SFH may be included in this category. 

1 User-specific Control Information

User specific control information consists of information intended for one user or more users.  It includes scheduling assignment, power control information, HARQ ACK/NACK information. HARQ ACK/NACK information for uplink data transmission is carried by DL ACK channel which is separated from control blocks for other user specific control information.

Resources can be allocated persistently to AMSs. The periodicity of the allocation may be configured.

Group control information is used to allocate resources and/or configure resources to one or multiple mobile stations within a user group. Each group is associated with a set of resources. The group message contains bitmaps to signal resource assignment, MCS, resource size etc. VoIP is an example of the subclass of services that use group messages.

The user-specific A-MAP consists of the Assignment A-MAP, the HARQ Feedback A-MAP and the Power Control A-MAP.

Assignment A-MAP

The Assignment A-MAP contains resource assignment information which is categorized into multiple types of resource assignment IEs (assignment A-MAP IE). Each assignment A-MAP IE is coded separately and car​ries information for one or a group of users. 

The minimum logical resource unit in the assignment A-MAP is called an MLRU, each of which consists of 56 data tones. The assignment A-MAP IE is transmitted with one MLRU or multiple concatenated MLRUs in the A-MAP region. The number of logically contiguous MLRUs is determined based on the assignment IE size and channel coding rate, where channel coding rate is selected based on AMS’ link condition.  Assignment A-MAP IEs with less than 40 bits are zero-padded to 40 bits. Assignment A-MAP IEs with more than 40 bits are divided into several segmented IEs, each with 40 bits. Segments of an assignment A-MAP IE are separately coded with the same MCS and occupy a number of logically contiguous MLRUs.
Assignment A-MAP IEs are grouped together based on channel coding rate. Assignment A-MAP IEs in the same group are transmitted in the same frequency partition with the same channel coding rate. Each assign​ment A-MAP group contains several logically contiguous MLRUs. The number of assignment A-MAP IEs in each assignment A-MAP group is signaled through non-user specific A-MAP in the same AAI subframe.
If two assignment A-MAP groups using two channel coding rates are present in an A-MAP region, assign​ment A-MAP group using lower channel coding rate is allocated first, followed by assignment A-MAP group using higher channel coding rate.
Assignment A-MAPs are grouped together based on MCS level and A-MAP IE sizes. Assignment A-MAPs in the same group are transmitted with the same MCS level and contain the same A-MAP IE size. Each assignment A-MAP group contains several logically contiguous MLRUs. The number of assignment A-MAPs in each assignment A-MAP group is signaled through non-user specific A-MAP.

HARQ Feedback A-MAP

The HARQ feedback AMAP carries HARQ ACK/NACK information for uplink data transmission.

Power Control A-MAP

The Power Control A-MAP carries fast power control command to AMS.

1 Multiplexing Scheme for Data and Unicast Service Control 

Within a subframe, control and data channels are multiplexed using FDM. Both control and data channels are transmitted on LRU that span all OFDM symbols in a subframe.

1 Location of Control Blocks  

The first IEEE 802.16m DL subframe of each frame contains at least one A-MAP region. An A-MAP region can include both non-user specific and user specific control information.

A-MAP regions are located in every DL subframe. DL and UL resource assignments in an A-MAP region follow a pre-defined rule to determine the corresponding DL and UL subframes in which the resources are assigned. 
An example illustrating the location of an A-MAP region in TDD with 4:4 subframe DL:UL split is provided in Figure 63.
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Figure 63: Location of A-MAP regions in a TDD system with a 4:4 subframe DL:UL split 
1 Transmission Format 

A unicast service control information element is defined as the basic element of unicast service control.  A unicast service control information element may be addressed to one user using a unicast ID or to multiple users using a multicast/broadcast ID.  It may contain information related to resource allocation, HARQ, transmission mode, power control, etc.

Coding of multiple unicast service control information elements may therefore either be joint coding or separate coding.

MCS of coded control blocks may either be with a fixed MCS or a variable MCS.

Non-user-specific control information is encoded separately from the user-specific control information. 

For user-specific control information elements intended for a single user or a group of users, multiple information elements are coded separately. 
Non-user-specific control information in a A-MAP region is transmitted at a fixed MCS for a given system configuration.

The coding chain for the non-user-specific A-MAP-IE is shown in Figure 64.
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Figure 64: Physical processing of the non-user specific A-MAP

The Assignment A-MAP (A-A-MAP) includes one or multiple A-A-MAP-IEs and each A-A-MAP-IE is encoded separately. Figure 65 illustrates the procedure for constructing A-A-MAP symbols. Following rate matching and repetition, the encoded bit sequences are modulated using QPSK. For a given system configuration, assignment A-MAP IEs can be encoded with two different effective code rates. The set of code rates is (1/2, 1/4) or (1/2, 1/8).

Rate 1/4 tailbiting convolutional codes are used for the Assignment A-MAP.
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Figure 65: Physical processing of the Assignment A-MAP

The HARQ feedback A-MAP (HF-A-MAP) contains HARQ-feedback-IEs for ACK/NACK feedback informa​tion to uplink data transmission. Each HF-A-MAP IE carries 1 bit information. Depending on the channel conditions, the modulation can be QPSK or BPSK. If QPSK is used, 2 HF-A-MAP IEs are mapped to a point in the signal constellation. The repetition number, Nrep, HF-AMAP, is 8. Repeated HF-A-MAP IE bits are scrambled by the Nrep, HF-AMAP  LSBs of the STID of the associated AMS. If BPSK is used, each HF-A-MAP IE is mapped to a point in the signal constellation. The coding chain for the HF-A-MAP IE is shown in Figure 66.
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Figure 66: Physical processing of the HF A-MAP

Power Control A-MAP (PC-A-MAP) contains PC-A-MAP-IEs for closed-loop power control of the uplink transmission. The ABS transmits the PC-A-MAP-IE to every AMS which operates in closed-loop power control mode. The coding chain for the HF-A-MAP IE is shown in Figure 67.
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Figure 67: Physical processing of the Power Control A-MAP
1 E-MBS MAPs

E-MBS MAPs are classified into cell specific and non-cell specific control channels. SFH provides the location information for both cell-specific and non-cell specific E-MBS MAPs. 

The cell specific control channel carries all cell specific information while the non cell specific control channel carries all information on multiple ABS transmission. 

One cell specific E-MBS MAP and one or more non cell specific E-MBS MAPs may exist in a cell. Multiple cell specific information are jointly encoded into one cell specific E-MBS MAP. Each E-MBS MAP may support one or more E-MBS services within an MBS zone.

1 Multicast Service Control Information/Content

The cell specific E-MBS MAP provides all essential parameters for retrieving single-ABS E-MBS, and it also contains some control parameters which are cell specific for multi-ABS E-MBS.

1 Multiplexing Scheme for Data and Multicast Service Control 

Within a subframe where multicast data and E-MBS MAPs are carried, E-MBS MAPs and data channels are multiplexed using FDM. Within a MBS scheduling interval, each E-MBS control channel is transmitted at the beginning of the corresponding E-MBS zone interval in order to decode the burst information.

1 Location of Control Blocks within a Frame/Subframe

1 Transmission Format 

A multicast service control information element is defined as the basic element of the multicast service control.  A multicast service control information element is non-user specific and is addressed to all users in the cell.

1 Resource Allocation 

1 Transmission of Additional Broadcast information on Traffic Channel

Examples of additional broadcast information include system descriptors, neighbor ABS information and paging information. 

MAC control messages may be used to transmit additional broadcast information on traffic channel.

The essential configuration information about different RATs may be transmitted by an ABS. Such messages may be structured as broadcast or unicast messages.

The configuration of different RATs may be defined in a variable length MAC control message. This message should include information such as:

· RAT Logical Index

· RAT Type: 16m, 16e only, 3GPP/3GPP2, DVB-H, etc.

· If other RAT : List of configuration Parameters

The configuration parameters should include all information needed for efficient scanning and if needed handing over/switching to such RATs with minimal signaling with the target RAT.

1   Mapping Information to DL Control Channels

	Information
	Channel
	Location

	Synchronization information
	Advanced Preamble (A-PREAMBLE): Primary Advanced Preamble (PA-PREAMBLE) and Secondary Advanced Preamble (SA-PREAMBLE)
	PA-Preamble is located at the first symbol of second frame in a superframe. SA-Preamble is located at the first symbol of remaining three frames.

	System configuration information
	Primary Superframe Header (P-SFH) and Secondary Superframe Header (S-SFH)

	Inside SFH

	Extended system parameters and system configuration information
	Additional Broadcast Information on Traffic Channel
	Outside SFH

	Control and signaling for DL notifications
	Additional Broadcast Information on Traffic Channel
	Outside SFH

	Control and signaling for traffic
	Advanced MAP
	Outside SFH


Table 6: Mapping information to DL control channels
1  Downlink MIMO Transmission Scheme 

1.8.1   Downlink MIMO Architecture and Data Processing

The architecture of downlink MIMO on the transmitter side is shown in Figure 68.
The MIMO Encoder block maps L (≥1) layers onto Mt (≥L) streams, which are fed to the Precoder block. A layer is defined as a coding and modulation path fed to the MIMO encoder as an input. A stream is defined as an output of the MIMO encoder which is passed to the precoder.
For SU-MIMO, only one user is scheduled in one Resource Unit (RU), and only one FEC block exists at the input of the MIMO encoder (vertical MIMO encoding or SFBC encoding at transmit side).
For MU-MIMO, multiple users can be scheduled in one RU, and multiple FEC blocks exist at the input of the MIMO encoder (horizontal MIMO encoding at transmit side).
The Precoder block maps stream(s) to antennas by generating the antenna-specific data symbols according to the selected MIMO mode.
The Feedback block contains feedback information such as CQI and CSI from the AMS. 
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Figure 68 : DL MIMO Architecture

The Scheduler block schedules users to resource units and decide their MCS level, MIMO parameters (MIMO mode, rank).  This block is responsible for making a number of decisions with regards to each resource allocation, including:

· Allocation type: Whether the allocation should be transmitted with a distributed or localized allocation.
· Single-user (SU) versus multi-user (MU) MIMO: Whether the resource allocation should support a single user or more than one user.
· MIMO Mode: Which open-loop (OL) or closed-loop (CL) transmission scheme should be used for the user(s) assigned to the resource allocation.

· User grouping: For MU-MIMO, which users should be allocated to the same Resource Unit.
· Rank: For the spatial multiplexing modes in SU-MIMO, the number of streams to be used for the user allocated to the Resource Unit.

· MCS level per layer: The modulation and coding rate to be used on each layer.  

· Boosting: The power boosting values to be used on the data and pilot subcarriers. 
· Band selection: The location of the localized resource allocation in the frequency band. 
1.8.1.1 Antenna Configuration

The ABS employs a minimum of two transmit antennas. Configurations of 2, 4 and 8 transmit antennas are supported. The AMS employs a minimum of two receive antennas. 
1.8.1.2 Layer to Stream Mapping

Layer to stream mapping is performed by the MIMO encoder. The MIMO encoder is a batch processor that operates on M input symbols at a time.
The input to the MIMO encoder is represented by an M×1 vector as specified in equation (2)

.
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where, si is the i-th input symbol within a batch. 
Layer to stream mapping of the input symbols is done in the spatial dimension first. The output of the MIMO encoder is an Mt×NF MIMO STC matrix as given by equation (3)

, which serves as the input to the precoder.
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where, Mt is the number of streams, NF is the number of subcarriers occupied by one MIMO block, x is the output of the MIMO encoder, s is the input layer vector, S(s) is an STC matrix, and
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For SU-MIMO transmissions, the STC rate is defined as in equation (5)
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For MU-MIMO transmissions, the STC rate per layer (R) is equal to 1 or 2.
There are four MIMO encoder formats (MEF):

· Space-frequency block coding (SFBC)

· Vertical encoding (VE)

· Horizontal encoding (HE)

· Conjugate data repetition (CDR)

For SU-MIMO, MIMO encoding allows for spatial multiplexing and transmit diversity transmission schemes. Spatial multiplexing MIMO employs vertical encoding within a single layer (codeword). Transmit diversity employs either vertical encoding with a single stream, or space-frequency block coding. For MU-MIMO, horizontal encoding of multiple layers (codewords) is employed at the base-station, while only one stream is transmitted to each mobile station.
For open-loop transmit diversity with SFBC encoding, the input to the MIMO encoder is represented by 2 × 1 vector. 
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The MIMO encoder generates the SFBC matrix.


[image: image47.wmf]*

12

*

21

ss

ss

éù

-

=

êú

ëû

x


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (7)

where 
[image: image48.wmf]x

 is 2x2 matrix. The SFBC matrix,
[image: image49.wmf]x

, occupies two consecutive subcarriers.

For open-loop transmit diversity with CDR encoding, the input to the MIMO encoder is represented by a 1 × 1 vector.
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The MIMO encoder generates the CDR matrix.


[image: image51.wmf]*

12

ss

éù

=

ëû

x


 MACROBUTTON MTPlaceRef \* MERGEFORMAT (9)

where x is 2x1 matrix. The CDR matrix, x occupies two consecutive subcarriers.


For horizontal encoding and vertical encoding, the input and the output of the MIMO encoder is represented by an M ( 1 vector. 
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where, si is the i-th input symbol within a batch.

For vertical encoding, s1...sm belong to the same layer (codeword).

For horizontal encoding, s1...sm belong to different layers (codewords).
The number of streams depends on the MIMO encoder as follows:

· For open-loop and closed-loop spatial multiplexing SU-MIMO, the number of streams is Mt ≤ min(NT,NR), where Mt is no more than 8. NT and NR are the numbers of transmit and receive antennas, respectively. 
· For open-loop transmit diversity, Mt depends on the space-time coding scheme employed by the MIMO encoder. 
· MU-MIMO can have up to 2 streams with 2 Tx antennas, and up to 4 streams for 4 Tx antennas and 8 Tx antennas.   
1.8.1.3 Stream to Antenna Mapping

Stream to antenna mapping is performed by the precoder. The output of the MIMO encoder is multiplied by an  Nt×Mt  precoder, W. The output of the precoder is denoted by an Nt×NF matrix, z, as in equation (11)

.
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where, Nt is the number of transmit antennas, NF is the number of subcarriers occupied by one MIMO block and zj,k is the output symbol to be transmitted via the j-th physical antenna on the k-th subcarrier.

Non-adaptive precoding and adaptive precoding are supported:

· Non-adaptive precoding is used with OL SU MIMO and OL MU MIMO modes.

· Adaptive precoding is used with CL SU MIMO and CL MU MIMO modes.

For non-adaptive precoding on a given subcarrier k, the matrix Wk is selected from a predefined unitary codebook. Wk changes every u∙PSC subcarriers and every v subframes, in order to provide additional spatial diversity. The values of u and v depend on the MIMO scheme and type of resource unit.

For adaptive precoding, the form and derivation of the assembled precoding matrix, Wf=[w1,f…wK,f], is vendor-specific. The precoding vector on the f-th subcarrier for the j-th stream, wj,f, is derived at the ABS from the feedback of the AMS. Beamforming is enabled with this precoding mechanism. If the columns of the assembled precoding matrix are orthogonal to each other, it is defined as unitary precoding. Otherwise, it is defined as non-unitary precoding. Non-unitary precoding is only allowed with CL MU-MIMO.
In the downlink closed-loop SU-MIMO and MU-MIMO, all demodulation pilots are precoded in the same way as the data, regardless of the number of transmit antennas, allocation type and MIMO transmission mode. The precoding matrix is signaled to the AMS via precoding of the demodulation pilots.

1.8.2  Transmission for Data Channels 

1.8.2.1 Downlink MIMO Modes
There are six MIMO transmission modes for unicast DL MIMO transmission as listed in Table 7.

	Mode index
	Description
	MIMO encoding format (MEF)
	MIMO precoding

	Mode 0
	OL SU-MIMO (Tx diversity)
	SFBC
	non-adaptive

	Mode 1
	OL SU-MIMO (SM)
	Vertical encoding
	non-adaptive

	Mode 2
	CL SU-MIMO (SM)
	Vertical encoding
	adaptive

	Mode 3
	OL MU-MIMO (SM)
	Horizontal encoding
	non-adaptive

	Mode 4
	CL MU-MIMO (SM)
	Horizontal encoding
	adaptive

	Mode 5
	OL SU-MIMO (Tx diversity)
	CDR
	non-adaptive


Table 7: Downlink MIMO modes
The allowed values of the parameters for each DL MIMO mode are shown in Table 8.

	
	Number of transmit antennas
	STC rate per layer
	Number of streams
	Number of subcarriers
	Number of layers

	
	Nt
	R
	Mt
	NF
	L

	MIMO mode 0
	2
	1
	2
	2
	1

	
	4
	1
	2
	2
	1

	
	8
	1
	2
	2
	1

	MIMO mode 1 and MIMO mode 2
	2
	1
	1
	1
	1

	
	2
	2
	2
	1
	1

	
	4
	1
	1
	1
	1

	
	4
	2
	2
	1
	1

	
	4
	3
	3
	1
	1

	
	4
	4
	4
	1
	1

	
	8
	1
	1
	1
	1

	
	8
	2
	2
	1
	1

	
	8
	3
	3
	1
	1

	
	8
	4
	4
	1
	1

	
	8
	5
	5
	1
	1

	
	8
	6
	6
	1
	1

	
	8
	7
	7
	1
	1

	
	8
	8
	8
	1
	1

	MIMO mode 3 and MIMO mode 4
	2
	1
	2
	1
	2

	
	4
	1
	2
	1
	2

	
	4
	1
	3
	1
	3

	
	4
	1
	4
	1
	4

	
	8
	1
	2
	1
	2

	
	8
	1
	3
	1
	3

	
	8
	1
	4
	1
	4

	MIMO Mode 4
	4
	2 and 1*
	3
	1
	2

	
	4
	2 and 1**
	4
	1
	3

	
	4
	2
	4
	1
	2

	
	8
	2 and 1*
	3
	1
	2

	
	8
	2 and 1**
	4
	1
	3

	
	8
	2
	4
	1
	2

	MIMO mode 5
	2
	1/2
	1
	2
	1

	
	4
	1/2
	1
	2
	1

	
	8
	1/2
	1
	2
	1


Table 8: Downlink MIMO Parameters
* 2 streams to one AMS and 1 stream to another AMS, with 1 layer each.

** 2 streams to one AMS and 1 stream each to the other two AMSs, with 1 layer each.

Mt refers to the number of streams transmitted to one AMS with MIMO modes 0, 1, and 2 and 5. Mt refers to the total number of streams transmitted to multiple AMSs on the same RU with MIMO modes 3 and 4.

All MIMO modes and MIMO schemes are supported in either distributed or localized resource mapping. Table 9 shows permutations supported for each MIMO mode outside the OL region. The definitions of DRU, mini-band based CRU, and subband based CRU, are in subclause 11.5.

	
	DRU
	Mini-band based CRU

(diversity allocation)
	Subband based CRU

(localized allocation)

	MIMO mode 0
	Yes
	Yes
	Yes No

	MIMO mode 1
	Yes, with Mt=2
	Yes, with 2≤ Mt ≤ 4
	Yes

	MIMO mode 2
	No
	Yes, with Mt=1≤ 4
	Yes

	MIMO mode 3
	No
	No
	Yes

	MIMO mode 4
	No
	Yes
	Yes

	MIMO mode 5
	No
	No
	No


Table 9: Supported permutation for each Downlink MIMO mode outside the OL region
Table 10 shows permutations supported for each MIMO mode inside the OL region with MaxMt streams.

Table 10 : Supported permutation for each DL MIMO mode in the OL region

	
	DRU
	Mini-band based 

CRU

(diversity allocation)
	Subband based 

CRU

(localized allocation)

	MIMO mode 0
	Yes, with MaxMt =2
	No
	No

	MIMO mode 1
	Yes, with MaxMt =2
	No
	Yes, with MaxMt =2

	MIMO mode 2
	No
	No
	No

	MIMO mode 3
	No
	No
	Yes, with MaxMt =2

	MIMO mode 4
	No
	No
	No

	MIMO mode 5
	No
	Yes, with MaxMt =1
	Yes, with MaxMt =1


Mini-band based CRU diversity allocation represents resource allocation composed of non-contiguous minibands.

1.8.2.2 Open-Loop Region
An open-loop region with MaxMt streams is defined as a time-frequency resource using the MaxMt streams pilot pattern and a given open-loop MIMO mode with Mt = MaxMt without rank adaptation. The open-loop region allows base stations to coordinate their open-loop MIMO transmissions, in order to offer a stable interference environment where the precoders and numbers of streams are not time-varying. The resource units used for the open-loop region are indicated in a downlink broadcast message. These resource units are aligned across cells.

Only a limited set of open-loop MIMO modes are allowed for transmission in the open-loop region. There is no limitation to the use of any open-loop MIMO mode outside the open-loop region, as specified in Table 11.

An open-loop region is associated with a specific set of parameters:

· Type (number of streams MaxMt, MIMO mode, MIMO feedback mode, type of permutation)

· Resource unit

There are three types of open-loop regions, as specified in Table 11
	
	MaxMt
	MIMO mode
	Supported permutation

	OL Region Type 0
	2 streams
	MIMO Mode 0

MIMO Mode 1 (Mt = 2 streams)
	DRU DLRU

	OL Region Type 1
	1 stream
	MIMO Mode 5 (Mt = 1 streams)
	Miniband based CRU NLRU
(diversity allocation)
Subband based CRU SLRU
(localized allocation)

	OL Region Type 2
	2 streams
	MIMO Mode 1 (Mt = 2 streams)

MIMO Mode 3 (Mt = 2 streams)
	Subband based SLRU
CRU (localized allocation)


Table 11: Types of open-loop regions

The OL region type 0 is present if OL-Region-ON is indicated in a downlink broadcast message.

All base stations that are coordinated over the same open loop region should use the same number of streams, in order to guarantee low interference fluctuation and thus improve the CQI prediction at the AMS. All pilots are precoded by non-adaptive precoding with MaxMt streams in the open-loop region. CQI measurements should be taken by the AMS on the precoded demodulation pilots rather than on the downlink reference signals.

1.8.2.3 Single-user MIMO (SU-MIMO)

Single-user MIMO (SU-MIMO) schemes are used to improve the link performance, by providing robust transmissions with spatial diversity, or large spatial multiplexing gain and peak data rate to a single AMS, or beamforming gain.  
Both open-loop SU-MIMO and closed-loop SU-MIMO are supported for the antenna configurations specified in Section 11.8.1.1
For open-loop SU-MIMO, both spatial multiplexing and transmit diversity schemes are supported. In the case of open-loop SU-MIMO, CQI and rank feedback may still be transmitted to assist the base station’s decision of rank adaptation, transmission mode switching, and rate adaptation. CQI and rank feedback may or may not be frequency dependent.

For closed-loop SU-MIMO, codebook based precoding is supported for both TDD and FDD systems. CQI, PMI, and rank feedback can be transmitted by the mobile station to assist the base station’s scheduling, resource allocation, and rate adaptation decisions. CQI, PMI, and rank feedback may or may not be frequency dependent. 

For closed-loop SU-MIMO, sounding based precoding is supported for TDD systems. 

1.8.2.4 Multi-user MIMO (MU-MIMO)

Multi-user MIMO (MU-MIMO) schemes are used to enable resource allocation to communicate data to two or more AMSs. MU-MIMO enhances the system throughput.
Multi-user transmission with one stream per user is supported for MU-MIMO. MU-MIMO includes the MIMO configuration of 2Tx antennas to support up to 2 users, and 4Tx or 8Tx antennas to support up to 4 users. Both unitary and non-unitary MU-MIMO linear precoding techniques are supported.
For open-loop MU-MIMO, CQI and preferred stream index feedback may be transmitted to assist the base station’s scheduling, transmission mode switching, and rate adaptation. The CQI is frequency dependent.

For closed-loop multi -user MIMO, codebook based precoding is supported for both TDD and FDD systems. CQI and PMI feedback can be transmitted by the mobile station to assist the base station’s scheduling, resource allocation, and rate adaptation decisions. CQI and PMI feedback may or may not be frequency dependent.
For closed-loop multi -user MIMO, sounding based precoding is supported for TDD systems.
1.8.2.5 Feedback and Control Signaling Support for SU-MIMO and MU-MIMO

For MIMO operation with downlink closed-loop precoding in FDD and TDD systems, unitary codebook based feedback is supported. In TDD systems, uplink sounding based downlink precoding is also supported.
The base codebook is optimized for both correlated and uncorrelated channels. A codebook is a unitary codebook if each of its matrices consists of columns of a unitary matrix.
In FDD systems and TDD systems, a mobile station may feedback some of the following information for supporting SU-MIMO and MU-MIMO transmissions:
•
STC rate (Wideband or sub-band) for SU-MIMO

•
Sub-band selection

•
CQI (Wideband or sub-band, per layer)

•
PMI (Wideband or sub-band for serving cell and/or neighboring cell)

•
Long-term CSI, including an estimate of the transmitter spatial correlation matrix

For CQI feedback, the mobile station measures the downlink reference signal or the demodulation pilots in the allocated resource unit, computes the channel quality information (CQI), and reports the CQI on the uplink feedback channel. Both wideband CQI and subband CQI may be transmitted by a mobile station. Wideband CQI is the average CQI of a wide frequency band. In contrast, sub-band CQI is the CQI of a localized sub-band. For MU-MIMO, the CQI is calculated at the mobile station assuming that the interfering users are scheduled by the serving base station using rank-1 precoders orthogonal to each other and orthogonal to the rank-1 precoder represented by the reported PMI.

For codebook based precoding, three different feedback modes for the PMI are supported:

· The standard mode: the PMI feedback from an AMS represents an entry of the base codebook. It is sufficient for the base station to determine a new precoder.

· The transformation mode: The PMI feedback from an AMS represents an entry of the transformed base codebook according to long term channel information.

· The differential mode: the PMI feedback from an AMS represents an entry of the differential codebook or an entry of the base codebook at PMI reset times. The feedback from an AMS provides a differential knowledge of the short-term channel information. This feedback represents information that is used along with other feedback information known at the ABS for determining a new precoder.

An AMS supports the standard and transformation modes and may support the differential mode. 
A unique base codebook is employed for SU and MU MIMO feedback. The MU MIMO codebook can be configured as the full set or as a subset of the base codebook to support both unitary and non-unitary precoding. The codebook subsets (including the full set of the base codebook) to be used for feedback are explicitly or implicitly indicated by the ABS. The transformation and differential feedback modes are applied to the base codebook or to a subset of the base codebook.
An enhanced UL sounding channel is used to feedback CSI-related information by the AMS to facilitate vendor-specific adaptive closed-loop MIMO precoding.  For sounding-based precoding, the enhanced UL sounding channel can be configured to carry a known pilot signal from one or more AMS antennas to enable the ABS to compute its precoding/beamforming weights by leveraging TDD reciprocity.  The sounding waveform can be configured to occupy portions of the frequency bandwidth in a manner similar to the sounding waveform used in the WirelessMAN OFDMA reference system.  To facilitate analog-feedback-based precoding, the enhanced UL sounding channel can be configured to carry unquantized CSI-related information (e.g., an unquantized encoding of the DL spatial covariance matrix or an unquantized encoding of the eigenvectors of the DL spatial covariance matrix).  The unquantized CSI-related information can be specific to a particular specified portion of the band (narrowband feedback) or specific to the entire bandwidth (wideband feedback).

1.8.2.6 Rank and Mode Adaptation

To support the numerous radio environments for IEEE 802.16m systems, both MIMO mode and rank adaptation are supported. ABSs and AMSs may adaptively switch between DL MIMO techniques depending on parameters such as antenna configurations,  system load, channel information, AMS speed and average CINR. Parameters selected for mode adaptation may have slowly or fast varying dynamics. By switching between DL MIMO techniques an IEEE 802.16m system can dynamically optimize throughput or coverage for a specific radio environment.

Both dynamic and semi-static adaptation mechanisms are supported in 16m. For dynamic adaptation, the mode/rank may be changed frame by frame. For semi-static adaptation, AMS may request adaptation. The decision of rank and mode adaptation is made by the ABS. Semi-static adaptation occurs slowly with low feedback overhead.
Predefined and flexible adaptation between SU-MIMO and MU-MIMO are supported. The adaptation between SU MIMO rank 1 and MU MIMO is dynamic by using the same feedback information. The adaptation between feedback for SU MIMO rank 2 (or more) and feedback for MU MIMO is semi-static.
1.8.3  Transmission for Control Channel
1.8.3.1 Transmission for Broadcast Control Channel

A SU open-loop technique that provides diversity gain is used for the Broadcast Control Channel. The 2-stream SFBC with two transmit antennas is used for P-SFH and S-SFH transmission. For more than 2-Tx antenna configuration, P-SFH and S-SFH are transmitted by 2-stream SFBC with precoding, which is decoded by the AMS without any information on the precoding and antenna configuration.

1.8.3.2 Transmission for Unicast Control Channel

The 2-stream SFBC is used for the Downlink Unicast Control Channel.

1.8.4  Advanced Features

1.8.4.1 Multi-ABS MIMO

Multi-ABS MIMO techniques are supported for improving sector throughput and cell-edge throughput through multi-ABS collaborative precoding, network coordinated beamforming, or inter-cell interference nulling. Both open-loop and closed-loop multi-ABS MIMO techniques are supported. For closed-loop multi-ABS MIMO, CSI feedback via codebook based feedback or sounding channel will be used. The feedback information may be shared by neighboring base stations via network interface. Mode adaptation between single-ABS MIMO and multi-ABS MIMO is utilized. 

1.8.4.2 MIMO for Multi-cast Broadcast Services

Open-loop spatial multiplexing schemes as described in Section 11.8.1 are used for E-MBS. No closed loop MIMO scheme is supported in E-MBS.
1  Uplink Control Structure 

1  Uplink Control Information Classification 

The UL control channels carry multiple types of control information to support air interface procedures. Information carried in the control channels is classified as follows.

1 Channel Quality Feedback 

Channel quality feedback provides information about channel conditions as seen by the AMS. This information is used by the ABS for link adaptation, resource allocation, power control etc. Channel quality measurement includes narrowband and wideband measurements. CQI feedback overhead reduction is supported through differential feedback or other compression techniques. Examples of CQI include Physical CINR, Effective CINR, band selection, etc. Channel sounding can also be used to measure uplink channel quality.

1 MIMO Feedback 

MIMO feedback provides wideband and/or narrowband spatial characteristics of the channel that are required for MIMO operation. The MIMO mode, precoder matrix index, rank adaptation information, channel covariance matrix elements, power loading factor, eigenvectors and channel sounding are examples of MIMO feedback information. 

1 HARQ Feedback 

HARQ feedback (ACK/NACK) is used to acknowledge DL transmissions. Multiple codewords in MIMO transmission can be acknowledged in a single ACK/NACK transmission.

1 Synchronization 

Uplink synchronization signals are needed to acquire uplink synchronization during initial access or handover and also to periodically maintain synchronization. Reference signals for measuring and adjusting the uplink timing offset are used for these purposes. 
1 Bandwidth Request 

Bandwidth requests are used to provide information about the needed uplink bandwidth to the ABS. Bandwidth requests are transmitted through indicators or messages. A bandwidth request indicator notifies the ABS of a UL grant request by the AMS sending the indicator. Bandwidth request messages can include information about the status of queued traffic at the AMS such as buffer size and quality of service, including QoS identifiers.
1 E-MBS Feedback 

E-MBS feedback provides information for DL MBS transmission to one or multiple cells. 

E-MBS may employ a common uplink channel which is used by AMSs to transmit feedback. If a predefined feedback condition is met, a NACK is transmitted through a common E-MBS feedback channel. The feedback condition may be configured by either the ABS or the network. 
During E-MBS service initiation, a common feedback channel per E-MBS service may be allocated. The allocation of the common E-MBS feedback channel may be configured by the ABS. 

1   Uplink Control Channels

The UL subframe size for transmission of control information is 6 symbols. 

1 Uplink Fast Feedback Channel 

The UL fast feedback channel carries channel quality feedback and MIMO feedback and BW REQ indicators.

There are two types of UL fast feedback control channels: primary fast feedback channel (PFBCH) and secondary fast feedback channels (SFBCH). The UL PFBCH carries 4 to 6 bits of information, providing wideband and narrowband channel quality feedback and MIMO feedback. It is used to support robust feedback reports. The UL SFBCH carries narrowband CQI and MIMO feedback information. The number of information bits carried in the SFBCH ranges from 7 to 24. A set of predefined numbers of bits in this range is supported. The SFBCH can be used to support CQI reporting at higher code rate and thus more CQI information bits. The SFBCH can be allocated in a non-periodic manner based on traffic, channel conditions etc. The number of bits carried in the fast feedback channel can be adaptive.

1 Multiplexing with Other Control Channels and Data Channels

The UL fast feedback channel is FDM with other UL control and data channels.

The UL fast feedback channel starts at a pre-determined location, with the size defined in a DL broadcast control message. Fast feedback allocations to an AMS can be periodic and the allocations are configurable. For periodic allocations, the specific type of feedback information carried on each fast feedback opportunity can be different.

The UL fast feedback channel carries one or more types of fast feedback information. 

1 PHY Structure 

The process of composing the PFBCH and SFBCH are illustrated in Figure 69 and Figure 70
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Figure 69: Mapping of information in the PFBCH.
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Figure 70: Mapping of information in the SFBCH.
A UL feedback mini-tile (FMT) is defined as 2 contiguous subcarriers by 6 OFDM symbols.  The primary and secondary fast feedback channels comprise 3 distributed FMTs. 2 pilots in each FMT can be used for coherent detection in the SFBCH.

Figure 71 and Figure 72 illustrate the symbol mapping of the PFBCH and SFBCH respectively.
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Figure 71: PFBCH comprising three distributed 2x6 UL FMTs
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Figure 72: SFBCH comprising of three distributed 2x6 UL FMTs.
1 Uplink HARQ Feedback Channel 

This channel is used to carry HARQ feedback information.

1 Multiplexing with Other Control Channels and Data Channels 

The UL HARQ feedback channel starts at a pre-determined offset with respect to the corresponding DL transmission.
The UL HARQ feedback channel is FDM with other control and data channels. 

TDM/FDM or TDM/CDM is used to multiplex multiple HARQ feedback channels.
1 PHY Structure 

The UL HARQ feedback channel comprises three distributed UL feedback mini-tiles (FMT), where the UL FMT is defined as 2 contiguous subcarriers by 6 OFDM symbols.  

A total resource of 3 distributed 2x6 UL FMTs supports 6 UL HARQ feedback channels. The 2x6 UL FMTs are further divided into UL HARQ mini-tiles (HMT). A UL HARQ mini-tile has a structure of 2 subcarriers by 2 OFDM symbols as illustrated in Figure 73. 
CDM is used to multiplex HARQ feedback channels within a HMT. Multiples of 6 UL HARQ feedback channels can be FDM/TDM depending on the system load.
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Figure 73: 2x2 HMT Structure

1 Uplink Sounding Channel

The UL sounding channel is used by an AMS to send a sounding signal for MIMO feedback, channel quality feedback and acquiring UL channel information at the ABS. The sounding channel occupies specific UL sub-bands or whole UL OFDMA symbol(s). The sounding signal occupies a single OFDMA symbol in the UL subframe. The sounding symbol in the UL subrame is located in the first symbol. Each UL subframe can contain only one sounding symbol.  For type-1 subframes, the sounding signal is not be transmitted in an LRU which contains other control channels. For type-2 subframes, sounding signals can be transmitted in any resource unit. For the 6-symbol PRU case, the remaining 5 consecutive symbols are formed to be a five-symbol PRU used for data transmission and other control channels. For the 7-symbol PRU case, the remaining 6 consecutive symbols are formed to be a six-symbol PRU for data transmission. Multiple UL subframes in a 5-ms radio frame can be used for sounding. The number of subcarriers for the sounding in a PRU is 18 adjacent subcarriers.
1 Multiplexing with Other Control Information and Data 

The ABS can configure an AMS to transmit an UL sounding signal on specific UL sub-bands or across the whole UL band.  The sounding signal is transmitted over predefined subcarriers within the intended sub-bands.  The periodicity of the sounding signal for each AMS is configurable. 

The UL sounding channel is FDM and/or TDM with other control and data channels.

1 Multiplexing Sounding Feedback for Multiple Users

The ABS can configure multiple AMSs to transmit UL sounding signals on the corresponding UL sounding channels.  The UL sounding channels from multiple users or multiple antennas per user can be CDM or FDM, or TDM. 

Strategies for combating inter-cell-interference may be utilized to improve the sounding performance.

1 Uplink Sounding Channel Power Control

Power control for the UL sounding channel is supported to manage the sounding quality. Each AMS’s transmit power for UL sounding channel may be controlled separately according to its sounding channel target CINR value. 

1 PHY Structure 

Sounding from single or multiple antennas and multiple users are supported to provide MIMO channel information for DL and UL transmission. 
1 Ranging Channel  

The UL ranging channel is used for UL synchronization. The UL ranging channel can be further classified into ranging channel for non-synchronized mobile stations and synchronized mobiles stations. A random access procedure, which can be contention based or non-contention based is used for ranging. Contention-based random access is used for initial ranging, periodic ranging and handover. Non-contention based random access is used for periodic ranging and handover. 

1 Ranging Channel for Non-Synchronized Mobile Stations

The ranging channel for non-synchronized AMSs is used for initial access and handover.

1 Multiplexing with Other Control Channels and Data Channels

The UL ranging channel for non-synchronized AMSs starts at a configurable location with the configuration defined in a DL broadcast control message.

The UL ranging channel for non-synchronized AMSs is FDM with other UL control channels and data channels.

1 PHY Structure

The physical ranging channel for non-synchronized mobile stations consists of three parts: 1) ranging cyclic prefix (RCP), 2) ranging preamble (RP) and 3) guard time (GT). The length of RCP is not shorter than the sum of the maximum channel delay spread and round trip delay (RTD) of supported cell size. The length of GT is not also shorter than the RTD of supported cell size. The length of the ranging preamble is equal to or longer than RCP length of ranging channel. To support large cell sizes, the ranging channel for non-synchronized AMSs can span multiple concatenated subframes.
The physical resource of ranging channel for non-synchronized mobile stations is Nrsc consecutive ranging subcarriers (BWRCH-NS Hz corresponding to continuous Nrru CRUs) and Nrsym OFDMA symbols (TRCH-NS sec). The default configuration of Nrsc and Nrsym ranging subcarriers depends on the subframe type. 

Figure 74 shows the default ranging channel structure spanning one subframe. The ranging preamble is repeated as a single opportunity. Only one instance of the ranging preamble with an RCP can be used by different non-synchronized AMS for increasing ranging opportunities. When the preamble is repeated as a single opportunity, the second RCP can be omitted for coverage extension. The guard subcarriers are reserved at the edge of non-synchronized ranging channel(s) physical resource. CDM allows multiple AMSs to share the same ranging channel. In the TDD mode, the GT can be omitted for extending the length of RCP.
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Figure 74: Default ranging structure for non-synchronized AMSs
In the LZone with PUSC non-contiguous resource for ranging channel may be considered.
1 Ranging Channel for Synchronized Mobile Stations

The ranging channel for synchronized AMSs is used for periodic ranging. 

1 Multiplexing with Other Control channels and Data Channels

The UL ranging channel for synchronized AMSs starts at a configurable location with the configuration defined in a DL broadcast control message.

The UL ranging channel for synchronized AMSs is FDM with other UL control channels and data channels.

1 Bandwidth Request Channel

Contention based random access is used to transmit bandwidth request information on this control channel. Prioritized bandwidth requests are supported on the bandwidth request channel.  
The random access based bandwidth request procedure for MZone or LZone with AMC is described in Figure 75. In these cases, a 5-step regular procedure (step 1 to 5) or an optional 3-step quick access procedure (step 1,4 and 5) may be supported concurrently. Step 2 and 3 are used only in 5-step regular procedure. In step 1, AMS sends a bandwidth request indicator and a message for quick access that may indicate information such as AMS addressing and/or request size and/or uplink transmit power report, and/or QoS identifiers and the ABS may allocate uplink grant based on certain policy. The 5-step regular procedure is used independently or as a fallback mode for the 3-step bandwidth request quick access procedure. The AMS may piggyback additional BW REQ information along with user data during uplink transmission (step 5). Following Step 1 and Step 3, ABS may acknowledge the reception of bandwidth request. If AMS does not receive any acknowledgement or UL grant, it waits until the expiration of a pre-defined period and restarts the bandwidth request. The pre-defined period may be differentiated by factors such as QoS parameters (e.g. scheduling type, priority, etc). In case BW is granted immediately, there is no need for ABS to send an explicit acknowledgment. 
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Figure 75: Bandwidth request procedure in the MZone or the LZone with AMC

The bandwidth request procedure for LZone with PUSC is described in Figure 76. In LZone with PUSC, only a 5-step regular procedure is supported. In step 1, AMS sends a bandwidth request indicator only. The rest of LZone with PUSC bandwidth request procedure is the same as the 5-step procedure in Figure 75.
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Figure 76: Bandwidth request procedure in the LZone with PUSC

1 Multiplexing with Other Control Channels and Data channels

The bandwidth request channel starts at a configurable location with the configuration defined in a DL broadcast control message. The bandwidth request channel is FDM with other UL control and data channels.

1 PHY Structure 

The bandwidth request (BW REQ) channel contains resources for the AMS to send a BW REQ access sequence and an optional quick access message at the step-1 of the bandwidth request procedure shown in Figure 75.  In the LZone with PUSC, a BW REQ tile is defined as 4 contiguous subcarriers by 6 OFDM symbols. The number of BW REQ tiles per BW REQ channel is 3. Each BW REQ tile carries BW REQ access sequence only.

In the MZone, a BW REQ tile is defined as 6 contiguous subcarriers by 6 OFDM symbols. Each BW REQ channel consists of 3 distributed BW-REQ tiles. Each BW REQ tile carries a BW REQ access sequence and a BW REQ message. The AMS may transmit the access sequence only and leave the resources for the quick access message unused. 

CDM allows multiple bandwidth request indicators to be transmitted on the same BW REQ channel. In addition, multiple BW REQ channels may be allocated per subframe using FDM.

1  Uplink Inband Control Signaling




Uplink control information can be multiplexed with data on the UL data channels as MAC headers or MAC control messages. Inband control signaling can contain information such as uplink bandwidth requests or bandwidth assignment updates.

1  Mapping of Uplink Control Information to Uplink Control Channels

	Information 
	Channel

	Channel quality feedback 
	UL Fast Feedback Channel

	
	UL Sounding Channel

	MIMO feedback 
	UL Fast Feedback Channel

	
	UL Sounding Channel

	HARQ feedback 
	UL HARQ Feedback Channel

	Synchronization 
	UL Ranging Channel 

	Bandwidth request 
	Bandwidth Request Channel 

	
	UL Inband Control Signaling

	
	UL Fast Feedback Channel

	E-MBS feedback
	 Common E-MBS Feedback Channel


Table 12: UL Control Channel Mapping

1 Power Control

The power control scheme is supported for DL and UL based on the frame structure, DL/UL control structures, and fractional frequency reuse (FFR). 

1 Downlink Power Control 

The ABS should be capable of controlling the transmit power per subframe and per user. With downlink power control, each user-specific information or control information would be received by the AMS with the controlled power level. DL Advanced MAP (A-MAP) should be power controlled based on AMS UL channel quality feedback.

The per pilot tone power and the per data tone power can jointly be adjusted for adaptive downlink power control. In the case of dedicated pilots this is done on a per user basis and in the case of common pilots this is done jointly for the users sharing the pilots.

Power Control in DL supports SU-MIMO and MU-MIMO applications.

1  Uplink Power Control 

Uplink power control is supported to compensate the path loss, shadowing, fast fading and implementation loss. Uplink power control should also be used to control inter-cell and intra-cell interference level. Uplink power control is aiming at enhancing the overall system performance and reducing of battery consumption. Uplink power control consists of two different modes: open-loop power control (OLPC) and closed-loop power control (CLPC). ABS can transmit necessary information through control channel or message to AMSs to support uplink power control. The parameters of power control algorithm are optimized on system-wide basis by the ABS, and broadcasted periodically or trigged by events.

AMS can transmit necessary information through control channel or message to the ABS to support uplink power control. ABS can exchange necessary information with neighbor ABSs through backbone network to support uplink power control. 

In high mobility scenarios, power control scheme may not be able to compensate the fast fading channel effect because of the very dynamic changes of the channel response. As a result, the power control is used to compensate the distance-dependent path loss, shadowing and implementation loss only. 

Uplink power control should consider the transmission mode depending on the single- or multi-user support in the same allocated resource at the same time.

1 Open-loop Power Control (OLPC)

The OLPC compensates the channel variations and implementation loss without frequently interacting with ABS. The AMS can determine the transmit power based on the transmission parameters sent by the ABS, uplink channel transmission quality (e.g. indicated as ACK or NACK), downlink channel state information and interference knowledge obtained from downlink. Mobile stations use uplink open loop power control applying channel and interference knowledge to operate at optimum power settings.

Open-loop power control could provide a coarse initial power setting of the terminal at the beginning of a connection.

As for mitigating inter-cell interference, power control may consider serving ABS link target SINR and/or target Interference to other cells/sectors. In order to achieve target SINR, the serving ABS path-loss can be fully or partially compensated for a tradeoff between overall system throughput and cell edge performance. When considering target interference to other cells/sectors, mobile station TX power is controlled to generate less interference than the target interference levels. The compensation factor and interference targets for each frequency partition are determined and broadcasted by ABS, with considerations including FFR pattern, cell loading and etc. More details can be referred to Section 20.3.

1  Closed-loop Power Control (CLPC)

The CLPC compensates channel variation with power control commands from ABS. Base station measures uplink channel state information and interference information using uplink data and/or control channel transmissions and sends power control commands to AMSs while minimizing signaling overhead.

According to the power control command from ABS, AMS adjust its UL transmission power. 

1 Coupling of Open Loop and Closed Loop Power Control

OLPC and CLPC can be combined into a unified power control procedure that uses both AMS measurements and ABS corrections for efficient operations. Closed loop power control is active during data and control channel transmissions. Both CLPC and OLPC could be active during data transmission. AMS could be in either CLPC or OLPC mode. The AMS could request to change the power control mode from open-loop to closed-loop and vice versa. The ABS could also send the unsolicited power control mode change command to the AMS.

1  Link Adaptation

This section introduces the link adaptation schemes which will adaptively adjust radio link transmission formats in response to change of radio channel for both downlink and uplink. 

1  Downlink Link Adaptation

1 Adaptive Modulation and Channel Coding Scheme

IEEE 802.16m supports the adaptive modulation and channel coding (AMC) scheme for DL transmission. The serving ABS can adapt the modulation and coding scheme (MCS) level based on the DL channel quality indicator (CQI) reported from AMS. DL control channel transmit power should also be adapted based on DL channel quality indicator (CQI) reported from AMS.

1  Uplink Link Adaptation

1  Adaptive Modulation and Channel Coding Scheme 

IEEE 802.16m supports the adaptive modulation and channel coding (AMC) scheme for UL transmission. The serving ABS can adapt the modulation and coding scheme (MCS) level based on the UL channel quality estimation and the maximum transmission power by AMS. Note that the UL AMC may be integrated with UL power control and interference mitigation schemes to further achieve higher spectral efficiency. UL control channel (excluding initial ranging channel) transmit power should also be adapted based on UL power control.

1  Transmission Format

IEEE 802.16m system should support the transmission format used in WirelessMAN OFDMA reference system for the purpose of legacy support. IEEE 802.16m can have transmission format independent of legacy transmission format.
1  Uplink MIMO Transmission Scheme 

1 Uplink MIMO Architecture and Data Processing

The architecture of uplink MIMO on the transmitter side is illustrated in Figure 77. 
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Figure 77 : UL MIMO Architecture
The MIMO Encoder block maps a single layer (L=1) layers onto Mt (Mt ≥L) streams, which are fed to the Precoder block. A layer is defined as a coding and modulation path fed to the MIMO encoder as an input. A stream is defined as an output of the MIMO encoder which is passed to the precoder.

For SU-MIMO and Collaborative spatial multiplexing, only one FEC block exists in the allocated RU (vertical MIMO encoding at transmit side).

The Precoder block maps stream(s) to antennas by generating the antenna-specific data symbols according to the selected MIMO mode.

The MIMO encoder and precoder blocks are omitted when the AMS has one transmit antenna.

Decisions with regards to each resource allocation include:

· Allocation type: Whether the allocation should be transmitted with a distributed or localized allocation

· Single-user (SU) versus multi-user (MU) MIMO: Whether the resource allocation should support a single user or more than one user

· MIMO Mode: Which open-loop (OL) or closed-loop (CL) transmission scheme should be used for the user(s) assigned to the resource allocation.

· User grouping: For MU-MIMO, which users are allocated to the resource allocation

· Rank: For the spatial multiplexing modes in SU-MIMO, the number of streams to be used for the user allocated to the resource allocation.

· MCS level per layer: The modulation and coding rate to be used on each layer.  

· Boosting: The power boosting values to be used on the data and pilot subcarriers. 
· Band selection: The location of the localized resource allocation in the frequency band.

1.12.1.1 Antenna Configuration

The antenna configurations are denoted by (NT, NR) where NT denotes the number of AMS transmit antennas and NR denotes the number of ABS receive antennas. Antenna configurations of NT  = 1, 2, or 4 and NR ≥ 2 are supported.

1.12.1.2 Layer to Stream Mapping

There are two MIMO encoder formats (MEF) on the uplink:

· Space-frequency block coding (SFBC)

· Vertical encoding (VE)

Uplink SU-MIMO transmit processing is the same as on the downlink as described in Section 11.8.1.2. Uplink MU-MIMO is performed by transmit processing with vertical encoding at each AMS.

The number of streams depends on the MIMO encoder as follows:

· For open-loop and closed-loop spatial multiplexing SU-MIMO, the number of streams is Mt≤min(NT,NR), where Mt is no more than 4. NT and NR are the number of transmit antennas at the AMS and the number of receive antennas at the ABS. 
· For open-loop transmit diversity, Mt depends on the space-time coding scheme employed by the MIMO encoder. 
· MU-MIMO can have up to 4 streams. The number of streams allocated to one user is not limited to 1. SFBC encoding is not allowed at the AMS with uplink MU-MIMO transmissions.
1.12.1.3 Stream to Antenna Mapping

There is no precoding if there is only one transmit antenna at the AMS.
Non-adaptive precoding and adaptive precoding are supported on the uplink:

· Non-adaptive precoding is used with OL SU MIMO and OL MU MIMO modes.

· Adaptive precoding is used with CL SU MIMO and CL MU MIMO modes.

For non-adaptive precoding on a given subcarrier k, the matrix Wk is selected from a predefined unitary codebook. Wk changes every u∙PSC subcarriers and every v subframes, in order to provide additional spatial diversity. The values of u and v depend on the MIMO scheme and type of resource unit.
For adaptive precoding, the precoder W is derived at the ABS or at the AMS, as instructed by the ABS. With 2Tx or 4Tx at the AMS in FDD and TDD systems, unitary codebook based adaptive precoding is supported. In this mode, a AMS transmits a sounding signal on the uplink to assist the precoder selection at the ABS. The ABS then signals the uplink precoding matrix index to be used by the AMS in the downlink control message. With 2Tx or 4Tx at the AMS in TDD systems, adaptive precoding based on the measurements of downlink reference signals is supported. The AMS chooses the precoder based on the downlink measurements. The form and derivation of the precoding matrix does not need to be known at the ABS.

In uplink SU-MIMO and MU-MIMO, all demodulation pilots are precoded in the same way as the data regardless of the number of transmit antennas, allocation type and MIMO transmission mode.

1.12.2  Transmission for Data Channels 

1.12.2.1 Uplink MIMO Modes
There are five MIMO transmission modes for unicast UL MIMO transmission as listed in Table 13
	Mode index
	Description
	MIMO encoding format (MEF)
	MIMO precoding

	Mode 0
	OL SU-MIMO
	SFBC
	non-adaptive

	Mode 1
	OL SU-MIMO (SM)
	Vertical encoding
	non-adaptive

	Mode 2
	CL SU-MIMO (SM)
	Vertical encoding
	adaptive

	Mode 3
	OL Collaborative spatial multiplexing (MU-MIMO)
	Vertical encoding
	non-adaptive

	Mode 4
	CL Collaborative spatial multiplexing (MU-MIMO)
	Vertical encoding
	adaptive


Table 13: Uplink MIMO modes

The allowed values of the parameters for each UL MIMO mode are listed in Table 14.

	
	Number of transmit antennas
	STC rate per layer
	Number of streams
	Number of subcarriers
	Number of layers

	
	Nt
	R
	Mt
	NF
	L

	MIMO mode 0
	2
	1
	2
	2
	1

	
	4
	1
	2
	2
	1

	MIMO mode 1
	1
	1
	1
	1
	1

	MIMO mode 1 and MIMO mode 2
	2
	1
	1
	1
	1

	
	2
	2
	2
	1
	1

	
	4
	1
	1
	1
	1

	
	4
	2
	2
	1
	1

	
	4
	3
	3
	1
	1

	
	4
	4
	4
	1
	1

	MIMO mode 3 and MIMO mode 4
	1
	1
	1
	1
	1

	
	2
	1
	1
	1
	1

	
	2
	2
	2
	1
	1

	
	4
	1
	1
	1
	1

	
	4
	2
	2
	1
	1

	
	4
	3
	3
	1
	1


Table 14: Uplink MIMO Parameters

Mt refers to the number of streams transmitted by one AMS.

In modes 3 and 4, Nt refers to the number of transmit antennas at one AMS involved in CSM.

All MIMO modes and MIMO schemes are supported in either Distributed or Localized resource mapping. Table 15 shows the permutations supported for each MIMO mode. The definition of tile based DRU, mini-band based CRU, and subband based CRU are in 15.3.8.

	
	Tile based DRU
	Mini-band based CRU

(diversity allocation)
	Mini-band based CRU

Sub-band based CRU

(localized allocation)

	MIMO mode 0
	Yes
	Yes
	No

	MIMO mode 1
	Yes, with Mt≤2
	Yes
	Yes

	MIMO mode 2
	Yes, with Mt≤2
	Yes
	Yes

	MIMO mode 3
	Yes, with Mt=1
	Yes
	Yes

	MIMO mode 4 
	Yes, with Mt=1
	Yes
	Yes


Table 15: Supported permutation for each Uplink MIMO mode

1.12.2.2 Single-user MIMO (SU-MIMO)

SU-MIMO schemes are used to improve the link performance in the uplink, by providing robust transmission with spatial diversity, or large spatial multiplexing gain and peak data rate to a single AMS, or beamforming gain.
Both open-loop SU-MIMO and closed-loop SU-MIMO are supported for the antenna configurations specified in Section 11.12.1.1. Both spatial multiplexing and transmit diversity schemes are supported with open-loop SU-MIMO. Transmit precoding and beamforming are supported with closed-loop SU-MIMO.

1.12.2.3 Multi-user MIMO (MU-MIMO)

Uplink MU-MIMO is supported to enable spatially multiplexing of multiple AMSs on the same radio resources (e.g. the same time and the same frequency allocation) for uplink transmission. 

1.12.2.3.1 Open-loop MU-MIMO

AMSs with a single transmit antenna are supported in open-loop MU-MIMO transmissions. 

AMSs with multiple transmit antennas are also supported in open-loop MU-MIMO transmissions. Uplink open-loop SU-MIMO spatial multiplexing modes of all rates, and transmit diversity mode with rank 1, are supported in open loop MU-MIMO for AMSs with more than one transmit antenna. In this case, non-adaptive precoding is performed at the AMS. SFBC is not supported with OL MU MIMO transmissions.

The ABS is responsible for scheduling users and the number of transmitted streams such that it can appropriately decode the received signals according to the number of transmitted streams and the number of receive antennas. The total number of transmitted streams does not exceed the number of receive antennas at the ABS.

1.12.2.3.2 Closed-loop MU-MIMO

Unitary codebook based precoding is supported for both TDD and FDD. In this case, the AMS follows indication of PMI from the ABS in a downlink control channel and perform codebook based precoding. 

Downlink pilot based precoding is supported in TDD systems. In this case, the precoder may be vendor-dependent.  

1.12.2.3.3 Feedback and Control Signaling Support for SU-MIMO and MU-MIMO
Channel state information may be obtained in TDD and FDD by the following methods:

· Downlink reference signals. These reference signals support measurements at the AMS of the channel from the physical antennas of the ABS. 

· A downlink control channel may carry information computed based on uplink reference signals. Such information can include but is not limited to MIMO mode and PMI.

The ABS may transmit some or all of the following uplink MIMO transmission parameters: rank, sub-band selection, MCS, packet size, PMI. The uplink MIMO transmission parameters may be transmitted via a physical layer control channel or via a higher layer signaling message.

A unique codebook supports both CL SU MIMO and CL MU MIMO codebook-based transmissions.

In FDD systems and TDD systems, a mobile station may transmit a sounding signal to assist the operation of uplink CL SU-MIMO and CL MU-MIMO.

1 Channel Coding and HARQ

1 Channel Coding

1 Block Diagram

Figure 78 shows the channel coding and modulation procedures. The following sections provide more details on the coding and modulation procedures in the IEEE 802.16m transmit chain.
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Figure 78 : Channel Coding Procedure
1 Partition into FEC Blocks

A burst CRC is appended to a burst before the burst is further processed by burst partition. The 16-bit burst CRC is calculated based on all the bits in the burst. When the burst size including burst CRC exceeds the maximum FEC block size, the burst is partitioned into KFB FEC blocks, each of which is encoded separately. If a burst is partitioned into more than one FEC blocks, an FEC block CRC is appended to each FEC block before the FEC encoding. The FEC block CRC of an FEC block is calculated based on all the bits in that FEC block. Each partitioned FEC block including 16-bit FEC block CRC has same length. The maximum FEC block size is 4800 bits. Concatenation rules are based on the number of information bits and do not depend on the structure of the resource allocation (number of LRUs and their size). 

1 FEC Encoding

IEEE 802.16m uses the CTC (convolutional turbo code) of code rate 1/3 defined in the IEEE Std 802.16-2009 standard for data bursts. The structure of the IEEE Std 802.16-2009 CTC interleaver is maintained. Other coding schemes such as CC and LDPC may be used.

The FEC encoder block depicted in Figure 78 includes sub-block interleavers. The structure of the IEEE Std  802.16-2009 sub-block interleaver is maintained. 

1 Bit Selection and Repetition

Bit selection and repetition are used in IEEE 802.16m to achieve rate matching. Bit selection adapts the number of coded bits to the size of the resource allocation (in QAM symbols) which may vary depending on the LRU and subframe type. The total subcarriers in the allocated LRU are segmented to each FEC block. Mother Code Bits, the total number of information and parity bits generated by FEC encoder, are considered as a maximum size of circular buffer. In case that the size of the circular buffer Nbuffer is smaller than the number of Mother Code Bits, the first Nbuffer bits of Mother Code Bits are considered as selected bits. Repetition is performed when the number of transmitted bits is larger than the number of selected bits. The selection of coded bits is done cyclically over the buffer. 

1 Modulation

Modulation constellations of QPSK, 16 QAM, and 64 QAM are supported as defined for the WirelessMAN OFDMA reference system. The mapping of bits to the constellation point depends on the constellation-rearrangement (CoRe) version used for HARQ re-transmission as described in Section 11.13.2.2 and depends on the MIMO stream. QAM Symbols are mapped to the input of the MIMO encoder. 

1 Modulation and Coding Set

Only the burst size NDB listed in Table 16 are supported in the physical layer. The sizes include the addition of CRC (per burst and per FEC block) when application. Other sizes require padding to the next burst size. The code rate and modulation depend on the burst size and the resource allocation.

	idx
	NDB (byte)
	KFB
	idx
	NDB (byte)
	KFB
	idx
	NDB (byte)
	KFB

	1
	6
	1
	23
	90
	1
	45
	1200
	2

	2
	8
	1
	24
	100
	1
	46
	1416
	3

	3
	9
	1
	25
	114
	1
	47
	1584
	3

	4
	10
	1
	26
	128
	1
	48
	1800
	3

	5
	11
	1
	27
	145
	1
	49
	1888
	4

	6
	12
	1
	28
	164
	1
	50
	2112
	4

	7
	13
	1
	29
	181
	1
	51
	2400
	4

	8
	15
	1
	30
	205
	1
	52
	2640
	5

	9
	17
	1
	31
	233
	1
	53
	3000
	5

	10
	19
	1
	32
	262
	1
	54
	3600
	6

	11
	22
	1
	33
	291
	1
	55
	4200
	7

	12
	25
	1
	34
	328
	1
	56
	4800
	8

	13
	27
	1
	35
	368
	1
	57
	5400
	9

	14
	31
	1
	36
	416
	1
	58
	6000
	10

	15
	36
	1
	37
	472
	1
	59
	6600
	11

	16
	40
	1
	38
	528
	1
	60
	7200
	12

	17
	44
	1
	39
	600
	1
	61
	7800
	13

	18
	50
	1
	40
	656
	2
	62
	8400
	14

	19
	57
	1
	41
	736
	2
	63
	9600
	16

	20
	64
	1
	42
	832
	2
	64
	10800
	18

	21
	71
	1
	43
	944
	2
	65
	12000
	20

	22
	80
	1
	44
	1056
	2
	66
	14400
	24


Table 16: Burst sizes

1 HARQ

1 HARQ Type

Incremental redundancy Hybrid-ARQ (HARQ IR) is used in 802.16m by determining the starting position of the bit selection for HARQ retransmissions. Chase Combining is supported and treated as a special case of IR. The 2-bit SPID is used to indicate the starting position.

1 Constellation Re-arrangement

Constellation re-arrangement (CoRe) is supported in IEEE 802.16m.   The CoRe can be expressed by a bit-level interleaver within a tone. Two CoRe versions are supported.

1 Adaptive HARQ

The resource allocation and transmission formats in each retransmission in the downlink can be adaptive according to control signaling. The resource allocation in each retransmission in the uplink can be fixed or adaptive according to control signaling.

1 Exploitation of Frequency Diversity

In HARQ re-transmissions, the bits or symbols can be transmitted in a different order to exploit the frequency diversity of the channel.

1 MIMO HARQ

For HARQ retransmission, the mapping of bits or modulated symbols to spatial streams may be applied to exploit spatial diversity with given mapping pattern, depending on the type of HARQ IR. In this case, the predefined set of mapping patterns should be known to both transmitter and receiver.

1 Aggressive HARQ Transmission

In DL HARQ, the ABS may transmit coded bits exceeding current available soft buffer capacity. 

1 ARQ Feedback

IEEE 802.16m supports a basic ACK/NACK channel to transmit 1-bit feedback.
------------------------------------------------End Proposed Text Changes_______________________________
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