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1 Introduction
For subchannelization, we refer to the design in [1,2]. However, it may increase the hardware complexity to generate the permutation sequence of different lengths by Table 15.3.5.1 in [1,2]. Because of the wide range of the lengths (4 ~ 48), large amount of memory will be needed for the table. To avoid the large amount of memory, this contribution proposes the generation scheme of permutation sequence for DL/UL PHY subchannelization without requirement of a large table. Therefore, we adopt most of the permutation design in [1,2] but modify the generation scheme of permutation sequence.
2 Proposed Permutation Sequence
This contribution proposes a generation scheme of permutation sequence. Let 
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denote the number of LRU in outer and inner permutation sets, respectively. The following equation generates the permutation sequences of different lengths for different stages of symbol structure permutations. All permutations used for DL and UL subchannelization shall be generated using the following permutation sequence.
Equation for outer permutation:
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Equation for inner permutation:
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3 References
[1] IEEE C802.16m-08/1443
[2] IEEE C802.16m-08/1444
4 Text proposal for inclusion in the 802.16m amendment
----------------------------------------------------------- Text Start---------------------------------------------------------
Replace current Section 15 by the following:
3 Advanced Air Interface
3.5 Physical Layer

3.5.1 Downlink Physical Structure
3.5.1.1 Subchannelization and Resource Mapping
3.5.1.1.1 Basic Symbol Structure
3.5.1.1.2 Downlink Subcarrier to Resource Unit Mapping 
The DL subcarrier to resource unit mapping process is defined as follows and illustrated in Figure 15.3.5.2:
1. Apply outer permutation to groups of N1 and N2 PRUs, where N1=4*bw and N2=1*bw, where bw = max(1, FftSize/1024). Direct mapping of outer permutation can be supported only for CRU.

2. After the outer permutation, the permuted PRUs are assigned to different frequency partitions. The 

maximum number of frequency partitions is 4 (TBD).
3.
The frequency partition is divided into contiguous and/or distributed resource group. The CRUs are the PRUs assigned to contiguous resource allocation; whereas, the DRUs are the PRUs assigned to distributed resource allocation. Sector specific permutation can be supported and direct mapping of the resources can be supported for localized resources. 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 (by direct mapping for CRU and by applying inner permutation for DRUs) as shown in the following figure.
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Figure 15.3.5.2 Illustration of the downlink subcarrier to resource block mapping
Figure 15.3.5.3 illustrates in further detail the outer and inner permutation processes. From left to right:
· Outer permutation stage 1: From the available PRUs, form subbands of N1 adjacent PRUs. Permute these subbands according to the outer permutation stage 1 rule while preserving the order of PRUs inside each subband.
· Outer permutation stage 2: From all permuted subbands in stage 1 intended for N2 granularity, form minibands of N2 adjacent PRUs. Permute these minibands according to the outer permutation stage 2 rule.

· Divide the PRUs into CRUs and DRUs of different frequency partitions according to the partitioning rule.

· Inner-permute the DRUs into DLRUs and directly map the CRUs into CLRUs.
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Figure 15.3.5.3 Detailed illustration of the downlink subcarrier to resource block mapping
3.5.1.1.3 Subchannelization for DL Distributed Resource
3.5.1.1.3.1 Outer Permutation and Permutation Sequence Generation
The following procedure are use to support two different outer permutation granularity values, N1 and N2.
Let LN1, and LN2 are the number of PRUs allocated with granularities of N1 and N2, respectively, where N1 ≥ N2 and Lall = LN1 + LN2. Given the configured outer permutation parameters, N1, N2, LN1 and LN2, the outer permutation can be implemented by a 2-stage process. The first stage process selects the LN1 number of PRUs, where each N1 PRUs forms a subband that are adjacent and contiguous in frequency, i.e. total of LN1/N1 subbands.  The second stage process permutes the remaining LN2 PRUs, where the subband size is N2 number of PRUs. The outer permutation can be skipped for direct mapping of outer permutation. The 2-stage process is described below:

1. The first stage of outer permutation (1) divides the total number of Lall PRUs into subband of size N1 and (2) selects the LN1/N1 subbands (i.e. LN1 PRUs) evenly distributed across the available frequencies.
2. Reserve LN1 PRUs with desired subband size N1, and use the remaining LN2 PRUs for the next stage permutation with subband size N2.

3. The second stage outer permutation (1) divides the remaining LN2 number of PRUs into subband of size N2 and (2) renumbers the NRU,OP(=LN2/N2) number of size-N2 subband using the permutation sequence generated in the following equation.
Let 
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denote the number of LRU in the inner permutation set. The following equation generates the permutation sequences of different lengths for different stages of symbol structure permutations. All permutations used for DL and UL subchannelization shall be generated using the following permutation sequence. 
Equation for outer permutation sequence:
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3.5.1.1.3.2 Permutation for DL Distributed Resource
The subcarrier permutation defined for the DL distributed resource allocations within a frequency partition spreads the subcarrriers of the DRU across the whole distributed resource allocations. The smallest set of subcarriers submitted to the inner permutation is a pair of adjacent subcarriers in frequency.
Suppose that there are NRU PRUs in a distributed group. The subchannelization for DL distributed resource 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 each OFDMA symbol within a PRU, and NRU be the number of LRUs within the distributed resource.
· For k-th OFDMA symbol in the subframe

1. Allocate nk pilots in each PRU.

2. Renumber the remaining NRU*(Psc-nk) data subcarriers in order, from 0 to NRU*(Psc-nk)-1 subcarriers. The contiguous renumbered subcarriers are grouped into pairs/clusters before applying permutation, i.e. renumbered subcarriers 0 to NRU*(Psc-nk)-1 are first paired into NRU*(Psc-nk)/2 clusters.  Apply the permutation sequence P of length NRU*(Psc-nk)/2 to form the permuted subcarrier-pairs 0 to [NRU*(Psc-nk)/2]-1.

3. Map each logically contiguous (Psc-nk)/2 subcarrier-pairs into distributed LRUs (i.e. subchannels) and form a total of NRU distributed LRUs.

[Note: The mapping is similar to 802.16e permutation except it is operating on subcarrier-pair instead of 
individual subcarrier.]
The exact partitioning of subcarrier-pairs into subchannels is according to the following equation
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where

· SubcarrierPair(k,s) is the subcarrier-pair index of subcarrier-pair k in subchannel s.
· s is the index number of a DRU/subchannel, from the set [0 ... NDRU–1].
· nk is (k+13*s) mod Npair where k is the subcarrier-pair-in-subchannel index from the set [0 … Npairs–1].
· NRU is the number of subchannels.

· PS[j] is the series obtained by rotating basic permutation sequence cyclically to the left s times. The basic permutation sequence is defined as
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· DL_PermBase is an integer ranging from 0 to 31 (TBD), which is set to preamble IDCell or by the SBCH.
3.5.1.1.4 Subchannelization for DL Localized Resource
There is no subcarrier permutation defined for the DL localized resource allocation. The CRUs are directly mapped to localized LRUs within each frequency partition. 
------------------------------------------------------------Text End---------------------------------------------------------
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