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1 Introduction
This contribution proposes the text of uplink physical structure section to be included in the 802.16m amendment. The proposed text is developed so that it can be readily combined with IEEE P802.16 Rev2/D7 [3].  It is compliant to the 802.16m SRD [5] and the 802.16m SDD [4], and it follows the style and format guidelines in [6].
2 Modifications to the SDD [4] text
The text proposed in this contribution is based on subclause 11.6 in the IEEE 802.16m SDD [4]. Most of part is maintained as SDD text. The modifications to the SDD text are summarized below:
· Terminologies for legacy equipment/operation used in [4][5] are changed as follows: 

legacy MS or IEEE 802.16e MS to WirelessMAN-OFDMA MS, 

legacy BS or IEEE 802.16e BS to WirelessMAN-OFDMA BS, 

legacy zone or IEEE 802.16e zone to WirelessMAN-OFDMA zone
· Subchannelization procedure in Section 15.3.6.2 is maintained according to [4], while terminologies in
· Section 15.3.6.2 are cleaned up using definitions in Section 3 References of this contribution.
· Control channel structure is left out, since UL PHY/Ctrl RG is on activity.

· The UL transmit power optimized allocation is moved from distribution allocation to localized allocation to achieve simpler design.
· For the DRU resources, a tile permutation is carried out for permuting the tiles of the distributed groups.
3 References
[1] IEEE 802.16m-08/XXXX, “Frame structure”.
[2] IEEE C802.16m-08/1443r2, “Proposed Text of DL Physical Layer Section for the IEEE 802.16m Amendment”.
[3] IEEE P802.16 Rev2/D7, “Draft IEEE Standard for Local and Metropolitan Area Networks: Air Interface 

for Broadband Wireless Access,” Oct. 2008.

[4] IEEE 802.16m-08/003r5, “The Draft IEEE 802.16m System Description Document”.
[5] IEEE 802.16m-07/002r6, “802.16m System Requirements”.
[6] IEEE 802.16m-08/043, “Style guide for writing the IEEE 802.16m amendment”.
4 Text proposal for inclusion in the 802.16m amendment
----------------------------------------------------------- Text Start---------------------------------------------------------
1 Definitions
Insert the following at the end of Section 3.1:
· PRU: Physical Resource Unit, the basic resource allocation unit that consists of 18 adjacent carriers in 6 consecutive symbols (in a same subframe) defined before any permutation.

· DRU: Distributed Resource Unit, the resource allocation unit of the same size as the PRU that has undergone the outer permutation, assigned to distributed allocation and will be submitted to the inner permutation. 
· CRU: Contiguous Resource Unit (Localized Resource Unit), the resource allocation unit of the same size as the PRU that has undergone the outer permutation, assigned to contiguous allocation and will bypass inner permutation. 
· LRU: Logical Resource Unit, the generic name of logical units for distributed and localized resource allocations. LRU is of same size as PRU.

2 Advanced Air Interface
2.1 Physical Layer

2.1.1 Uplink Physical Structure
Each uplink subframe is divided into 4 (TBD) or fewer frequency partitions; 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 15.3.6.1 illustrates the uplink physical structure in the example of two FFR groups with FFR group 2 including both localized and distributed resource allocations.
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Figure 15.3.6.1 Example of uplink physical structure
2.1.1.1 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 and Nsym is 6 for type-1 subframes and 7 for type-2 subframes. A logical resource unit (LRU) is the basic logical unit for distributed and localized resource allocations.  An LRU has Psc * Nsym subcarriers.  For control channel/message transmission, the size of LRU should be the same as that of 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.
2.1.1.1.1 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 across the distributed resource allocations. 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 sizes are 6*Nsym, where Nsym depends on the subframe type. 
2.1.1.1.2 Contiguous Resource Unit
The localized resource unit, a.k.a. 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 resource allocations. The size of the CRU equals the size of a PRU, i.e., Psc subcarriers by Nsym OFDMA symbols.
Two kinds of contiguous resource allocation are used for UL, regular contiguous allocation and UL transmit power optimized contiguous allocation. Details of the UL transmit power optimized distributed allocation are FFS.
2.1.1.2 Subchannelization and Resource Mapping
2.1.1.2.1 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, number of multiplexed MS 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 or type-2.
2.1.1.2.2 Uplink Subcarrier to Resource Unit Mapping

The UL subcarrier to resource unit mapping process is defined as follows and illustrated in Figure 15.3.6.2:

1. Apply outer permutation to groups of N1 then N2 PRUs, with N1=4*bw and N2 =1* bw, where bw = max(1, FftSize/1024). Direct mapping of outer permutation can be supported only for CRUs.
2. Assign the permuted PRUs into at most 4 (TBD) frequency partitions.

3. Each of the frequency partitions is divided into contiguous, distributed or both types of resource allocation. Sector specific permutation can be supported. Direct mapping of the PRUs can be supported for contiguous resource. The sizes of the distributed and contiguous resources are flexibly configured per sector (TBD). Adjacent sectors do not need to have same configuration of contiguous and distributed resources. 

4. The contiguous and distributed groups are further mapped into LRUs. For the CRUs, the mapping is direct or through CRU rotation across subframe for UL transmit power optimized allocation. For the DRUs, a tile permutation is applied to the tiles of the distributed groups.
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Figure 15.3.6.2 Illustration of the uplink subcarrier to resource unit mapping
2.1.1.2.3 Uplink Outer Permutation

Let N1 and N2 (N1 ≥ N2) be the values of outer permutation granularities, L1 (multiple of N1) and L2 (multiple of N2) the numbers of PRUs to be allocated with granularities N1 and N2 respectively.  Let Lall = L1 + L2.  The outer permutation is defined by the following 2-stage process: 

1. First stage of outer permutation:

a. Divide the total number of Lall PRUs into subbands of N1 adjacent PRUs.

b. Select L1/N1 subbands (i.e. L1 PRUs) evenly distributed across the available frequency and reserve for usage of granularity N1.
2. Second stage of outer permutation:

a. Divide the remaining L2 PRUs into minibands of N2 adjacent PRUs.

b. Renumber the L2/N2 minibands using the permutation sequence described in Table 15.3.5.1.
2.1.1.2.4 Permutation for Uplink Distributed Resource
An inner permutation permutes DRUs within a frequency partition. The contiguous resource could be directly mapped.  The tile permutation defined for the uplink distributed resource allocations spreads the tiles of the DRU across the whole allocated distributed resource allocations frequency band.
The inner permutation defined for the UL distributed resource allocations spreads the tiles of the DRUs across the frequency band. The smallest set of subcarriers submitted to the inner permutation is equal to the tile size for forming a DRU according to section 15.3.6.1.1.
[Note: The following mapping procedure is similar to WirelessMAN-OFDMA tile permutation.] 
The usable subcarriers in the allocated frequency band shall be divided into Ntiles physical tiles. The allocation of physical tiles to logical tiles in subchannels is performed in the following manner:

Logical tiles are mapped to physical tiles using the following equation
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where

· Tiles(s, n) is the tile index in the frequency partition (0 is the starting tile index).
· n is the tile index 0 to 2 in a distributed LRU.
· PermSeq is the tile permutation as specified in Table 15.3.5.1.
· s is the distributed LRU number in the range 0 to NDRU –1.
· UL_PermBase is an integer value which is assigned by a management entity, NDRU is the number of distributed LRUs (TBD).
2.1.1.2.5 Subchannelization for Uplink Contiguous Resource
Contiguous subchannels contain subcarriers which are contiguous in frequency.  There is no inner permutation defined for the UL contiguous resource allocations. Two kinds of contiguous resource allocation are used for UL contiguous subchannelization, (1) regular contiguous allocation and (2) UL transmit power optimized contiguous allocation. The UL transmit power optimized contiguous resource is allocated first. The rest of the frequency resource is then allocated for contiguous allocation. A CRU rotation (TBD) is defined for the Tx power optimized allocation that randomly positions the rotated CRU across frequency. Precoding and/or boosting applied to the data subcarriers will also be applied to the pilot subcarriers.
2.1.1.3 Pilot Structure
The transmission of pilot subcarriers in the uplink is necessary for enabling channel estimation, measurements of SINR, frequency and time offset estimation, etc. 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 pilot structure is defined for up to 4 transmission streams. 

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 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 OFDM symbols in a resource block. The boosting values are TBD. 

The DL 18x6 pilot patterns defined in Section 11.5.3 are used for UL 18x6 pilots, which include pilots up to 4 TX streams as shown in Figure 15.3.6.3.

For 6-by-6 UL tile, the UL pilot pattern for DRU is shown in 15.3.6.4.

Pilot structures for each tile structure used for localized-LRU and distributed-LRU are shown in Figures 15.3.6.3 and 15.3.6.4 respectively. Figure 15.3.6.3 shows the pilot structure for localized-LRU when the number of stream is one, two and four. Note that the pilot patterns for UL localized-LRUs are same as in the downlink case. Figure 15.3.6.4 is used for distributed-LRUs when the number of stream is one and two.
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Figure 15.3.6.3 Pilot patterns for localized-LRUs in case of 1 Tx, 2 Tx and 4 Tx

[image: image5]
Figure 15.3.6.4 Pilot patterns for distributed-LRUs in case of 1 Tx and 2 Tx
2.1.1.4 WirelessMAN-OFDMA Systems Support
When frame structure is supporting the WirelessMAN-OFDMA MSs in PUSC zone by FDM manner as defined in 15.3.3.4 [1], a new symbol structure and subchannelization defined in this section are used.

The IEEE 802.16m uplink physical structure supports both FDM (frequency division multiplexing) and TDM (time division multiplexing) with the WirelessMAN-OFDMA. When the WirelessMAN-OFDMA system operates in the PUSC mode, then the type of multiplexing is FDM or TDM. If the WirelessMAN-OFDMA system operates in the AMC mode, then the uplink resources for the WirelessMAN-OFDMA and the IEEE 802.16m system are multiplexed using FDM or TDM. When the WirelessMAN-OFDMA system operates in the PUSC mode, a symbol structure according to 16m PUSC may be used in order to provide FDM-based legacy support.
2.1.1.4.1 Resource Unit Structure for FDM-based UL PUSC Zone Support
When supporting FDM based UL PUSC zone, a tile consists of 4 consecutive subcarriers and Nsym OFDMA symbols depending on the subframe type. A tile structure and pilot pattern for 6 symbol-subframe is shown in Figure 15.3.6.5.
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Figure 15.3.6.5 Tile structure and pilot pattern for FDM based UL PUSC zone Support
(Pilot pattern is TBD)
2.1.1.4.2 Subchannelization for FDM-based UL PUSC Zone Support
A subchannelization for 16m PUSC is identical to legacy uplink PUSC [2]. For a given system bandwidth, total usable subcarriers are allocated to form tiles (four contiguous subcarriers) and every tile is permuted according to the permutation defined in uplink PUSC [2]. Once subchannelization is done, every subchannel is assigned to either legacy system or 16m system. Figure 15.3.6.6 shows the uplink frame which is divided in frequency domain into two logical region – one is for legacy PUSC subchannels and the other is for 16m PUSC DRUs.
[image: image7.emf]
Figure 15.3.6.6 Frequency domain division of the UL frame 

into legacy PUSC subchannels and 16m PUSC DRUs
------------------------------------------------------------Text End---------------------------------------------------------
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