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Introduction
This contribution proposes text changes to Sections 11.5, 11.6, and 18 of the IEEE 802.16m SDD [1] where the system description requires additional detail. The proposed text is consistent with the 802.16m Amendment Working Document [2].  The refined SDD document will be a necessary supplement in the submission of IEEE 802.16m technology description template to ITU-R/WP 5D later this year.
For technical changes, AWD [2] text that has been added into the SDD has been specifically identified by section number. Proposed text has been underlined in blue and deleted text has been struck through in red. Existing SDD text is shown in black. 
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[1] P802.16m System Description Document, 802.16m-08/003r9a, June 2009.
[2] P802.16m Amendment Working document, 802.16m-09/0010r2, June 2009.
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1.1 Physical Layer

1.1  Downlink Physical Structure

Each downlink subframe is divided into four or fewer a number of 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). Figure 39 illustrates the downlink physical structure in the example of two frequency partitions with frequency partition 2 including both localized and distributed resource allocations, where Sc stands for subcarrier
 .


[image: image1]

Figure 39 Hierarchical representation Example
  of the downlink physical structure
1.1 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, and 9 OFDMA symbols for type-1, type-2, and type-3, and type-4
  subframes, respectively and Nsym is 7 OFDM symbols for type-2 sub frames, and Nsym is 5 OFDMA symbols for type-3 subframes. A logical resource unit (LRU) is the basic logical unit for localized and distributed and localized groups resource allocations. A LRU comprises is Psc · Nsym 18*6 subcarriers for type-1 subframes, 18*7 subcarriers for type-2 subframes, and 18*5 subcarriers for type-3 subframes. Note that t and he LRU includes in its numerology the number of the pilots that are used in a PRU. The LRU, and may include control information.
1.1 Distributed Rresource Uunit
The distributed resource unit (DRU) can be used to achieve frequency diversity gain. The DRU contains a group of subcarriers which are spread across the distributed group resource allocations
  within a frequency partition by the subcarrier permutation. 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 tone-pair
 . 
1.1 Localized/Contiguous Rresource Uunit

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

1.1 Subchannelization and Resource Mmapping

1.1 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 as well as the type of the subframe, i.e., type-1, or type-2, or type-3.
1.1 Downlink subcarrier to Rresource
 Uunit Mmapping
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 downlinkDL subcarrier to resource unit mapping process is defined as follows and illustrated in the Figure 40: 

1. Outer permutation is applied to the PRUs in the units of N1 and N2 PRUs, where N1=4 (TBD) and N2 =1 or 2 depending on system bandwidth (TBD). Direct mapping of outer permutation can be supported only for CRU.

2. Distributing the reordered PRUs into frequency partitions.

3. The frequency partition is divided into localized and/or distributed resource allocationsgroups. Sector specific permutation can be supported and direct mapping of the resources can be supported for localized resources. The sizes of the distributed/localized groups are flexibly configured per sector (TBD). Adjacent sectors do not need to have same configuration for the localized and distributed groups
. 
4. The localized and distributed groups resource allocationsunits are further mapped into LRUs (by direct mapping forof CRUs and by “Ssubcarrier permutation” for DRUs) as shown in the following figure
 . 
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Figure 40 Illustration of the downlink subcarrier to resource unit mapping

1.1 Subchannelization for DL Downlink Ddistributed Rresource Allocation
 
The subcarrier permutation defined for the DL downlink distributed group resource allocations within a frequency partition spreads the subcarriers of the DRU across the whole distributed resource allocations within a frequency partition group. The granularity of the subcarrier permutation is equal to a tone-pair defined as a pair of adjacent subcarriers in frequency. After mapping all pilots, the remainders of the 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 DLRUs in a distributed group. A permutation sequence P (TBD) for the distributed group is provided. The subchannelization for downlinkDL distributed group resource allocations is performed spreads the subcarriers of LRUs into the whole available bandwidth of distributed resource, as indicated in the following procedure:

· Let nk denote the number of pilot tones in the k-th OFDMA symbol within a PRU, and NRU be the number of LRUs within the group
. 

· For each k-th OFDMA symbol in the subframe

1. Let nk denote the number of pilot tones in the k-th OFDMA symbol within a PRU. Allocate the nk pilots in the k-th 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 (TBD
)  for data subcarrier-pairsto form the permuted subcarriers 0 to NRU * (Psc - nk)-1. The contiguous renumbered subcarriers are grouped into pairs/clusters before applying permutation, for example, to support Space Frequency Block Code (SFBC), renumbered subcarriers 0 to NRU * (Psc - nk)-1 are first paired into (N_RU * (P_sc-n_k))/2 clusters. 
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)..

1.1 Subchannelization for DLownlink Llocalized Rresource Allocation
There is no subcarrier permutation defined for the DL downlink localized groupresource allocations. The CRUs are directly mapped to the subband and miniband LRUs within each frequency partition.

1.1 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 in common and dedicated pilots is done with respect to their usage. The common pilots can be used by all AMSs. Dedicated pilots can be used with both localized and distributed allocations. Pilot subcarrriers that can be used only by a group of AMSs is a special case of common pilots and are termed shared pilots
. The dedicated pilots are associated with a specific resource allocation, can be only used by the AMSs allocated to said
  specific resource allocation, and therefore can be precoded or beamformed in the same way as the data subcarriers of the resource allocation. 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 symbol 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.
 
1.1 Unicast Pilot Patterns
Pilot patterns are specified within a PRU.
Base pilot patterns used for one1 and two2 downlinkDL data streams in dedicated and common pilot scenarios are shown in Figure. 401 [link] 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 they correspond to
.
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Figure 41 Pilot patterns used for one1 and two2 downlinkDL data Tx streams. The numbers on the pilot locations indicate the stream 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.

 

For the subframe consisting of 5 symbols, the last OFDM symbols in the figure is deleted. For the subframe consisting of 7 symbols, the first OFDM symbols in the figure is added as 7-th symbol.

The interlaced pilot patterns are generated by cyclic shifting the base pilot pattern. The interlaced pilot patterns are generated by cyclic shifting the base pilot pattern
  and are used by different BSs for one1 and two2 Tx streams . The interlaced pilot patterns for one1 and two2 Tx streams are shown in Figure 42 and Figure 43, respectively. Each BS chooses one of the three pilot patterns among the three sets (pPilot #0, pPilot #1 and pPilot #2) as
 shown in Figure. 41 [link] and Figure. 42 [link]. The index of the pilot pattern set pk used by a particular BS with Cell_ID = k Pilot #pk will be used by a particular BS and is determined by the Cell_ID according to the following equation: 
pk = mod(Cell_IDk, 3), Equation 1

Pattern B is used for 3 and 4 data streams DL dedicated and common pilot pattern. Rank-1 precoding may use two stream pilots
. 
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Figure 42 Interlaced pilot patterns for one1 pilot Tx stream
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Figure 43 Interlaced pilot patterns for two2 pilot Tx streams
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Figure 44 Pilot Pattern B for 3 and 4 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 pilot Tx streams are shown in Figure 45 with the subcarrier index increasing from top to bottom and the OFDMA symbol index increasing from left to right. Subfigure (a) in Figure 45 shows the pilot pattern for eight pilot Tx streams in subframe with six OFDMA symbols; Subfigure (b) in Figure 45 shows the pilot pattern for eight pilot Tx streams in subframe with five OFDMA symbols; Subfigure (c) in Figure 45 shows the pilot pattern for eight pilot Tx streams in subframe with seven OFDMA symbols
. 
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Figure 45: Pilot pattern for 8 pilot Tx streams

1.1.3.2 E-MBS Zzone Sspecific Ppilot for MBSFN
E-MBS zone specific pilot is 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 pilot, that is’s, common inside one E-MBS zone but different between neighboring E-MBS zones, is 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 pilot streams depends 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 FFSbeing studied.

1.1 MIMO mMidamble

MIMO midamble is used for PMI selection in closed loop MIMO. For OL MIMO, midamble can be used to calculate CQI. The midamble signal occupies one OFDMA symbol in a DL downlink sub-frame.

1.2   Uplink Physical Structure

Each UL subframe is divided into four or fewera number of 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). Figure 46 illustrates the uplink physical structure in the example of two frequency partitionsFFR groups with frequency partitionFFR group 2 including both localized and distributed resource allocations, where Sc stands for subcarrier
.
.. 
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Figure 46 Example of uplink physical structure
1.2 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, and 9 OFDMA symbols for type-1, type-2, and type-3, and type-4
  subframes, respectivelythe number of OFDMA symbols depending on the subframe type. A logical resource unit (LRU) is the basic logical unit for distributed and localized resource allocationsgroups and its size is Psc · *Nsym subcarriers for data transmission
 . For transmission of control information, Tthe LRU size for control channel transmission should be is
  the same as that used for data transmission and multiple users are allowed to share one control LRU. The effective number of data subcarriers in an LRU depends on the number of allocated pilots and control channel presence.

1.2 Distributed Resource Unit
The distributed resource unit (DRU) can be used to achieve frequency diversity gain. The DRU contains a group of subcarriers which are spread by the inner permutation across distributed resource allocations within a frequency partitionseveral PRUs that are part of a distributed group. 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 uplinkUL tile size is 6 · xNsym, where Nsym depends on the subframe type in Section 11.4.1
 . 18x2
  tile size for UL transmit power optimized distributed group and other tile sizes are FFSbeing studied. Details of the UL transmit power optimized distributed allocation are FFS being studied.

1.2.1.2 Localized/Contigous Resource Unit

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

1.2 Subchannelization and Resource Mapping
1.2.2.1 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.
1.2 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 localized resource unit (CRU) and distributed resource unit (DRU) in an FDM manner.

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

3. FFR can be applied in uplinkUL
.

 

Based on the main design concepts above, the UL uplink subcarriers to resource unit mapping process is defined as follows and illustrated in Figure 47:

1. First-level or oOuter permutation is applied to the PRUs in the units of N1 and N2 PRUs, where N1=4 (TBD) and N2=1 (TBD). Direct mapping of outer permutation can be supported only for CRU.

2. Distributing the reordered PRUs into frequency partitions.

3. A frequency partition is divided into localized and/or distributed groupsresource allocations. Using sector specific permutation can be supported; directly 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 of localized and distributed group resource allocations are further mapped into LRUs by direct mapping for CRUs and by tile-permutation for DRUs. For the CRU resources, the mapping is direct. For the DRU resources, the mapping is carried over a tile permutation/hopping.
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Figure 47 Illustration of the uplink subcarrier to resource unit mapping

1.2.2.3 Subchannelization for UplinkUL Distributed Resource Allocation
An inner permutation permutes tiles within a frequency partition. The inner permutation defined for the uplink distributed resource allocations spreads the tiles of the DRU across the whole allocated distributed resource allocations within a frequency bandpartition. 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 (TBD) 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
.
1.2.2.4 Subchannelization for UL Uplink Localized Resource Allocation
Localized subchannels contain subcarriers which are contiguous in frequency. There is no inner permutation defined for the UL uplink localized resource allocations. The CRUs isare directly mapped to localized LRUs within each frequency partition. Precoding and/or boosting applied to the data subcarriers will maycan
 also be applied to the pilot subcarriers.
1.2 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. To optimize the system performance in different propagation environments and applications, IEEE 802.16m supports both common and dedicated pilot structures. The uplink pilot is dedicated to each user and can be precoded or beamformed in the same way as the data subcarriers of the resource allocation. 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 with orthogonal patterns.

 

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 boosting values are TBD. 

 

The ULuplink pilot patterns are specified within a CRU comprising 18x6 Psc · Nsym subcarriers CRU for contiguous resource allocationss and within a tile comprising 6 · Nsym subcarriers -by-6 UL tile for distributed resource allocations
 .

 

The base DL downlink 18x6 pilot patterns defined in Section 11.5.3 are used for uplinkUL 18x6 pilot patterns, which include pilots up to four4 TX streams. Interlaced pilot patterns are not used for ULthe uplink.

 

The pilot structure for distributed resource allocations in case of 6-by-6 tile is shown in Figure 48 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 twoFor 6-by-6 UL tile, the UL pilot pattern is shown in Figure 48 with the sub-carrier index increasing from top to bottom and the OFDM symbol index increasing from left to right. Rank-1 precoding may use two stream pilots. 
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Figure 48 Pilot patterns for UL tiles in case of 1one and two Tx2 streams

1.2.4 Uplink Physical Structure for LegacyWirelssMAN-OFDMA Systems Support
The IEEE 802.16m uplink physical structure supports both frequency division multiplexing FDM (FDM frequency division multiplexing) and time division multiplexing TDM(TDM time division multiplexing) with the WirelessMAN- OFDMA reference system. 
 

When the WirelessMAN- OFDMA reference system operates in the PUSC mode, a symbol structure according to 16m PUSC should be used in order to provide FDM-based legacy support.

1.2.4.1 Distributed Resource Unit for IEEE 802.16m PUSC
Unlike a DRU structure defined in Section 11.6.1.1, a DRU in IEEE 802.16m PUSC contains six tiles which whose size is 4 · xNsym where Nsym depends on the subframe type. Figure 49 shows a tile structure when a subframe has 6 symbols.


[image: image11]
Figure 49 Tile structure in IEEE 802.16m PUSC
1.2 Subchannelization for 16m PUSC 

A subchannelization for 16m PUSC is identical to legacy uplinkWirelessMAN-OFDMA PUSC [4]. For a given system bandwidth, total usable available subcarriers are allocated to form tiles (four contiguous subcarriers) and every tiles areis permuted according to permutation defined in uplink UL-PUSC [2]. Once subchannelization is done, every subchannel is assigned to either WirelessMAN- OFDMA reference system or 16m system. Figure 50 shows the uplink frame which is divided in frequency domain into two logical regions – one is for legacy WirelessMAN-OFDMA PUSC subchannels and the other is for 16m PUSC DRUs.

[image: image12.emf]
Figure 50 Subchannelization of 16m PUSC and DRU structure
2.1 Support for Interference Mitigation

This section introduces the interference mitigation schemes by using fractional frequency reuse (FFR), advanced antenna technology, power control and scheduling. Interference mitigation schemes such as conjugate-data-repetition (CDR) may be supported.
2.1 Interference Mitigation using Fractional Frequency Reuse (FFR)

IEEE 802.16m supports the fractional frequency reuse (FFR) to allow different frequency reuse factors to be applied over different frequency partitions during the designated period for both DL and UL transmissions, note that the frequency partition is defined in Section 11.5.2.2 and in Section 11.6.2.2 for DL and UL respectively. The operation of FFR is usually integrated with other functions like power control or antenna technologies for adaptive control and joint optimization. The basic concept of FFR is introduced by the example in Figure 79.
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Figure 79 Basic Concept of Fractional Frequency Reuse (FFR)
In basic FFR concept, subcarriers across the whole frequency band are grouped into frequency partitions with different reuse factors. In general, the received signal quality can be improved by serving AMSs in the frequency partitions with lower frequency reuse factor, due to lower interference levels. This will be helpful for the AMSs located around cell boundary or for the AMSs suffering severe inter-cell interference. On the other hand, ABS may apply higher frequency reuse factor for some frequency partitions to serve the AMSs which do not experience significant inter-cell interference. This will be helpful for ABS to serve more AMSs and achieve better spectral efficiency.

Resource allocation in an FFR system takes several factors into consideration such as reuse factor in partition, power at partition, available multi-antenna technologies, as well as interference-based measurements taken at AMS.  

2.1 Downlink (DL) FFR

2.1 Interference Measurement and Signaling Support

For DL FFR, the AMSs is capable of reporting the interference information to serving ABS. The serving ABS can instruct AMS to perform interference measurement over the designated radio resource region in solicited/unsolicited manner, or the AMS may perform the autonomous interference measurement without the instruction by ABS. Examples of interference measurement include SINR, SIR, interference power, RSSI, etc. The AMS can also recommend the preferred frequency partition to serving ABS based on considerations such as interference measurements, resource metric of each partition, etc. The measurement results can then be reported by message and/or feedback channel.

The ABS can transmit necessary information through a signaling channel or message to facilitate the measurement by AMS. The information includes the frequency reuse parameters of each frequency partition, the corresponding power levels and associated metric for each partition. Resource metric of each FFR partition is the measure of the overall system resource usage by the partition (such as effective bandwidth due to reuse, transmission power, multi-antennas, and interference to other cells and so on). The use of resource metric is FFSbeing studied.

2.1   Inter-ABS Coordination

In order to support FFR, the ABSs is capable of reporting interference statistics and exchanging its FFR configuration parameters which may include FFR partitions, power levels of each partition, associated metric of each partition with each other or with some control element in the backhaul network. Note that some of the coordination may be achieved by signaling over air-interface and the configuration format for FFR coordination is FFSbeing studied.

The Figure 80 shows an example to integrate FFR with DL power control. This allows the system to adaptively designate different DL power boosting over different PRUs in each frequency partition. The power allocation of each PRU may be higher or lower than normal level, it should be well coordinated from system-wide consideration..
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Figure 80 Example to integrate FFR and DL power control
2.1 Uplink (UL) FFR

2.1   Interference Measurement and Signaling Support

For UL FFR, the ABSs areis capable to estimate the interference statistics over each frequency partitions. In order to support UL FFR, the ABS can transmit necessary information through a feedback channel or message to the AMS. The information can include the frequency reuse parameters of each frequency partitions and the corresponding uplink power control parameters and IoT target level.

2.1 Inter-ABS Coordination

In order to support UL FFR, for every FP, the ABSs areis capable of reporting its interference statistics and to exchange its FFR configuration and corresponding UL power control target with each other or with some control element in the backhaul network. Note that some of the coordination may be achieved by signaling over air-interface and the configuration format for FFR coordination is FFS being studied.

The Figure 81a and b shows examples of integration of FFR with UL power control (Section 11.10.2). In Figure 81a, system adaptively designates different IoT targets for UL power control over different PRUs in each frequency partition. An AMS assigned for a partition needs to do power control properly considering the target IoT level of other cells for that partition. If the target IoT level of other cells for a partition is low, for example, an AMS assigned for that partition should transmit with lower power not to interfere other cell users. If the target IoT level of other cells for a partition is high, then a user assigned for that partition may transmit with a higher power. To control system-wide interference, the ABS can adjust the frequency partitions and the corresponding target IoT level in coordination with other ABSs.

Another example for SINR based UL power control is given in Figure 81(b), where different target SINR level may be designated for different frequency partitions.

[image: image15.emf]A

A

A

Sector 1

Frequency

B

B

C

C

D

D

D

Reuse 1 Reuse 1/3 

B C

Target IoT Level

Sector 2

Sector 3

(a)

A

A

A

Sector 1

Frequency

B

B

C

C

D

D

D

Reuse 1 Reuse 1/3 

B

C

Target SINR Level

Sector 2

Sector 3

(b)


Figure 81 Example to integrate FFR and UL power control
2.2  Interference Mitigation using Advanced Antenna Technologies

[Note: The content of this section shall not contradict with the content of “11.8.4.1 Multi-ABS MIMO” in IEEE 802.16m-08/003r4]

IEEE 802.16 should support the advanced antenna technologies to mitigate inter-cell interference.

2.2 Single Cell Antenna Processing with Multi-ABS Coordination 

The details of single cell antenna processing are defined in “11.8 DL MIMO Transmission Scheme”. This sub-section introduces the interference mitigation techniques based on the MIMO schemes defined in Section 11 with extended inter-ABS coordination mechanisms and interference measurement support. Note that the inter-ABS coordination mechanisms in this sub-section do not require data forwarding between different cells, i.e. different ABS will not transmit the same data to an AMS. The coordination between ABS should be through efficient signaling over backhaul and on a slow frequency. The coordination information from adjacent ABS can help the scheduler on the serving ABS to mitigate interference through scheduling.

When precoding technique is applied in neighboring cells, the inter-cell interference can be mitigated by coordinating the PMIs (Precoding Matrix Indexes) applied in neighboring cells. For example, the AMS can estimate which PMIs in neighboring cell will result in severe interference level and report the PMI restriction or recommendation to the serving ABS. The serving ABS can then forward this information to recommend its neighboring ABSs a subset of PMIs to use or not to use. Based on this information, the neighboring ABS can configure the codebook and broadcast or multicast it.

In addition, the PMI coordination can also be applied in UL. One example is that the neighboring ABSs can estimate the sounding signal transmitted by specific AMS and identify which PMIs may result in significant interference. By forwarding this information over the backhaul network, the serving ABS can instruct the AMS to choose the proper PMI or the combination of PMIs for maximizing SINR to its own cell and minimizing the interference to neighboring cells.

Precoding with interference nulling can also be used to mitigate the inter-cell interference. For example, additional degrees of spatial freedom at an ABS can be exploited to null its interference to neighboring cells.

2.2 Inter-ABS Coordination

In order to support PMI coordination to mitigate inter-cell interference, the ABSs is capable of exchanging the interference measurement results such as the recommended PMI subset to be restricted or to be applied in neighboring cells with each other or with some control element in the backhaul network. For UL PMI coordination, this subset is estimated by ABS through estimating the sounding signals transmitted by specific AMSs. In order to facilitate the PMI coordination and interfering PMIs estimation, the information on the PMI and the associated resource allocation applied in each cell should also be exchanged.

In order to support precoding with interference nulling, the associated resource allocation and some control element should be exchanged between neighboring ABSs. 
Note that the PMI coordination may also be integrated with the FFR defined in 20.1. For example, the ABS may apply FFR to isolate some of the interference sources if the PMIs restrictions recommended by different AMSs are contradicted with each other.
2.2 Interference Measurement

In order to support DL PMI coordination to mitigate inter-cell interference, the AMS is capable of measuring the channel from the interfering ABS, calculates the worst or least interfering PMIs, and feedbacks the restricted or recommended PMIs to the serving ABS together with the associated ABS IDs or information assisting in determining the associated ABS IDs. PMI for neighboring cell is reported based on the base codebook. (cf. 11.8.2.1.3 and 11.8.2.2.3.2). The measurement can be performed over the region implicitly known to AMS or explicitly designated by ABS. The PMIs can then be reported to ABS by UL control channel and/or MAC layer messaging in solicited/unsolicited manner.

For UL PMI coordination, the ABS is capable of measuring the channel from the interfering AMS using sounding signals. Neighboring ABS should calculate the PMIs with least interference and forward them to the serving ABS. The mechanism to identify the interfering AMS is FFS being studied.

The priority of selection of PMIs forwarded from neighboring ABS is set in DL/UL. For priority of selection of PMIs, measurements such as SINR, normalized interference power, or IoT for each resource unit (e.g., a subchannel, a fraction of PRU) is required, and it should be forwarded from neighboring ABS. The measured CINR should provide an accurate prediction of the CINR when the transmission happens with coordinated DL closed loop transmission. In order to mitigate UL interference, corresponding to each sub-band, or RB(s), ABSs may send an indication to neighbor base stations if the IoT is above the thresholds.

In addition to PMIs, additional interference measurements may need to be reported to resolve conflicting requests from different AMSs. More details are FFS being studied.

In order to support precoding with interference nulling to mitigate inter-cell interference, an ABS is capable of measuring the channel from an interfering AMS.

2.2 Multi-ABS Joint Antenna Processing 

This sub-section introduces the techniques to use joint MIMO transmission or reception across multiple ABSs for interference mitigation and for possible macro diversity gain, and the Collaborative MIMO (Co-MIMO) and the Closed-Loop Macro Diversity (CL-MD) techniques are examples of the possible options. For downlink Co-MIMO, multiple ABSs perform joint MIMO transmission to multiple AMSs located in different cells. Each ABS performs multi-user precoding towards multiple AMSs, and each AMS is benefited from Co-MIMO by receiving multiple streams from multiple ABSs. For downlink CL-MD, each group of antennas of one ABS performs narrow-band or wide-band single-user precoding with up to two streams independently, and multiple ABSs transmit the same or different streams to one AMS. Sounding based Co-MIMO and CL-MD are supported for TDD, and codebook based ones are supported for both TDD and FDD.

2.2 Closed-loop Multi-ABS MIMO

For the uplink, macro-diversity combining, cooperative beamforming and interference cancellation can be used across multiple base stations to mitigate inter-cell interference.

2.2 Inter-ABS Coordination

For macro-diversity combining, soft decision information in the form of log-likelihood ratios is generated at different base stations and combined. This will require the exchange of non-persistent allocations of scheduling information and soft-decision information across base stations. 

For cooperative beamforming, joint multi-antenna processing is carried out across multiple base stations. This will require the exchange of non-persistent allocations of channel state information, scheduling information and quantized versions of received signals across base stations. 

For interference cancellation, an ABS that is unable to decode data for a particular user may request a neighboring ABS to exchange the decoded data of the interfering users along with scheduling and transmission format related information. The information exchanged may be used in conjunction with channel state information for the purpose of interference cancellation.

Cooperative cells can have same permutation for resource allocation.

For all of these uplink multi-ABS MIMO techniques, channel state information can be derived either through different pilots or sounding channels per sector or cell.

The ABSs can coordinate transmission of their beams, so that interference from neighboring cells can be almost completely eliminated. Furthermore, if ABSs cannot coordinate, then the sequence in which beams are served can be chosen randomly and independently at each ABS.

In order to support CL-MD, the associated resource allocation and some control element should also be exchanged between neighboring ABSs. For codebook-based cases, the AMSs involved in coordination determines precoding matrix index (PMI) for each coordinating ABS, and reports them to the serving ABS, which in turn forwards the corresponding PMI to the relevant ABS via the network interface. For sounding based cases, the ABSs involved in coordination obtain precoding matrix based on uplink sounding.

Note that the CL-MD may also be integrated with the FFR defined in 20.1.

In order to support Co-MIMO, the associated resource allocation and some control element should also be exchanged among coordinating ABSs. For codebook-based cases, the AMS involved in coordination determines narrow precoding matrix index (PMI) for each coordinating ABS, and reports these to the serving ABS, which in turn forwards the corresponding PMI to the relevant ABS via the network interface. For sounding based cases, the ABS involved in coordination estimates the channel state information (CSI) using uplink sounding for all AMSs involved in coordination, and calculates multiuser precoding matrixes for these users.

2.2 Measurement Support

An ABS that senses high levels of interference may send a request for inter-cell interference reduction to a neighboring ABS along with identification of dominant interfering AMSs. Once a neighboring ABS with dominant interfering AMSs accepts the inter-cell interference reduction request, the measurement process will be started. The measurement process requires estimation of channel state information for AMSs involved in multi-ABS joint antenna processing.

ABS can request multiple uplink sounding signals per AMS during a Frame to enable the measurement of CQI on a per beam basis.

In order to support codebook based CL-MD, the AMS is capable of measuring the channel from the interfering ABS, and calculate the PMI for it. In order to support sounding based CL-MD, the ABS is capable of measuring the channel from an interfering AMS, and calculates the precoding matrix for it.

In order to support codebook based Co-MIMO, the AMS is capable of measuring the channel from all ABSs involved in coordination, and calculates the PMIs for them. In order to support sounding based Co-MIMO, the ABSiscapable of measuring the channel from all AMSs involved in coordination, and calculates the precoding matrixes for these users.

2.3  Interference Mitigation using Power Control and Scheduling

ABS may use various techniques to mitigate the interference experienced by AMS or to reduce the interference to other cells. The techniques may include sub-channels scheduling, dynamic transmit power control, dynamic antenna patterns adjustment, and dynamic modulation and coding scheme. As an example, ABS may allocate different modulation and coding schemes (MCS) to mobiles through UL scheduling which indirectly controls mobile transmit power and the corresponding UL interference to other cells. ABS can exchange information related to UL power control schemes with other neighbor ABSs. AMS may use interference information and its downlink measurements to control the uplink interference it causes to adjacent cells.

Using interference information ABS may attempt intra-ABS techniques such as alternative traffic scheduling, adjustment of MCS to avoid interference and ABS may also use inter-ABS techniques such as the examples depicted in Sections 20.1 and 20.2.

DL interference mitigation may be achieved by allocating different DL power boosting over different sub-channels, while the UL interference mitigation may also be achieved by setting different power control schemes (Section 11.10.2). Both the UL and DL power control techniques may be further cooperated with the FFR (20.1) and the advanced antenna technologies (20.2) for better performances.

ABS can schedule AMSs with high mutual interference potential on different subchannels or frequency partitions, e.g. by exchanging scheduling constraints between coordinating ABSs. The necessary interference prediction may be based on the interference and channel measurement mechanisms defined in 20.1 and 20.2.

2.4  Interference mitigation using cell/sector-specific interleaving 

Cell/sector specific interleaving may be used to randomize the transmitted signal, in order to allow for interference suppression at the receiver.
- - - - - - - - - - - - - - - - - - - - - - - - - - - End Proposed Text - - - - - - - - - - - - - - - - - - - - - - - - - 
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