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A Proposal of Subchannelization for Uplink Distributed Resource Allocation 

Hongyun Qu, Kaiying Lv, Huiying Fang
ZTE Corporation 
Introduction 
In current SDD document (IEEE 802.16m-08/003r4), during the UL subcarriers to distributed resource unit mapping process, one TTI with only one uplink subframe is considered. It means that, for one DRU, its tiles permutation or hopping is carried out within only one uplink subframe. 

But for uplink resource allocation, it is problematic if only one uplink subframe is included within one TTI, especially when we have to consider the uplink transmission power optimization. So it is inevitable that one uplink TTI has to include more than one subframes. In this case, DRU’s tile permutation within one subframe can not bring uplink transmission power optimization. It will cause the same problem with current 16e uplink resource allocation. The following figure shows this problem caused by DRU’s tile permuation within one subframe when one uplink TTI includes more than one subframes. 
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Figure 1

As showed in Figure 1, one uplink TTI consists of three uplink subframes. Here we assume that one DRU consists of three tiles with 6 symbols * 6 subcarriers size, which are permutated across the whole distributed resource group within one subframe. It assumes that there are 4 DRUs allocated to one MS for uplink transmission. Based on the current subchannelization scheme, Figure 1 shows the spreading of DRUs within TTI for maximum optimization of uplink transmission power. Only when the resource allocation consists multiple of 3 DRUs, the uplink transmission will be even for all the OFDM symbols. And the same problem exists when one TTI contains more than one uplink subframes. Obviously, currently subchannelization scheme will cause the same problem with current 16e uplink resource allocation. And this problem will greatly degrade the system performance and uplink coverage. 
Proposed Solution 
To resolve the above problem, we propose an uplink subchannelization scheme, that is, DRU’s tiles should be permuted or hopping across the subframes of one TTI, especially for uplink power optimization. The following figure shows our main idea about how to permute or hop tiles to setup one DRU across the subframes within one TTI. 
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Figure 2
As showed in Figure 2, one DRU consists of three tiles with same color which spread across the subframes within one TTI. It assumes that 4 DRUs are allocated to one MS for uplink transmission. Obviously, uplink transmission power is even for all the OFDM symbols. 
And because one TTI can include one, two, three, or four uplink subframes, in order to minimize the tile type and reduce the complexity of UL pilot design and the overhead of resource allocation, we suggest to use one tile size, i.e. 6 subcarriers * Nsym where Nsym depends on the subframe type, and variable DRU size for different TTI sizes for uplink resource allocation as follows.
UL tile = 6 subcarriers * Nsym

When TTI = 1 subframe, one DRU consists of 3 tiles which spread across the whole distributed resource within one subframe.

When TTI = 2 subframes, one DRU consists of 2 tiles which spread across all the subframes within one TTI.

When TTI = 3 subframes, one DRU consists of 3 tiles which spread across all the subframes within one TTI.

When TTI = 4 subframes, one DRU consists of 4 tiles which spread across all the subframes within one TTI.

Suggested SDD text
Based on our above proposal, we suggest the modified SDD text as follows.

------------------ Start of suggested SDD text ----------------------------------------
11.6.1 Physical and Logical Resource Unit

11.6.1.1 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 LRU for distributed allocations, which depends on uplink TTI size. The minimum unit for forming the UL DRU is a UL tile. The UL tile sizes are 6xNsym, where Nsym depends on the subframe type.  For uplink transmission power optimization, the tiles of one DRU are evenly spread across the subframes of one TTI which contains more than one uplink subframes. The number of tiles of one DRU depends on TTI size. For example: 
When one TTI contains one uplink subframe, the number of tiles of one DRU is 3.

When one TTI contains two uplink subframes, the number of tiles of one DRU is 2, which are evenly spread across these two subframes.

When one TTI contains three uplink subframes, the number of tiles of one DRU is 3, which are evenly spread across these three subframes.

When one TTI contains four uplink subframes, the number of tiles of one DRU is 4, which are evenly spread across these four subframes.
11.6.2 Subchannelization and Resource Mapping 

11.6.2.2 Uplink Subcarrier to Resource Unit Mapping 

The main features of resource mapping include: 

1. Support of localized resource unit (LLRU) and distributed resource unit (DRU) in an FDM manner. 

2. DRUs comprise multiple tiles which are spread across frequency partitions to get diversity gain. 

3, DRUs comprise multiple tiles which are evenly spread across the subframes within one TTI to 
maximize the uplink transmission power, when one TTI contains more than one uplink subframes. 

4. FFR can be applied in UL.
[To modify the step 4 in line 25 on page 53 in section 11.6.2.2 as follows: ]
4. The localized and distributed groups resources are further mapped into 1 LRUs. For the LLRU resources, the mapping is direct. For the DRU resources, a tile  permutation or hopping is carried out for permuting or hopping the tiles of the distributed groups within one subframe when one TTI contains one uplink subframe. When one TTI contains more than one subframes, DRU’s tiles permutation or hopping is carried out across the subframes of TTI. 

11.6.2.3 Subchannelization for UL Distributed Resource

A second-level permutation permutes PRUs within a frequency partition. The localized 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 frequency band and across the subframes within in one TTI. The granularity of the inner permutation is equal to the minimum resource unit for forming a DRU as defined in Section 11.6.1.1.

[To modify the sentence in line 13 on page 54 in section 11.6.2.3 as follows: ]

A second level hopping/permutation sequence (TBD) is defined for the power optimized allocation that spreads the hopping units across frequency and across the subframes within one TTI. 
------------------ End of suggested SDD text ------------------------------------------
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