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Physical Resource Allocation Unit in IEEE 802.16m Uplink
Jinsoo Choi, HanGyu Cho, and Bin-chul Ihm 
LG Electronics
Introduction 
This contribution proposes a symbol structure design for IEEE 802.16m UL resource allocation focusing on the physical resource unit (PRU) and the concept of subcarrier to resource unit mapping. We are proposing to have commonality between DL PRU and UL PRU because most of design philosophy adopted for DL PRU can be applied to UL PRU and the commonality between DL and UL is desirable to exploit channel reciprocity in TDD operation. We are also proposing a high level concept of subcarrier to resource unit mapping considering UL control/data multiplexing and FFR grouping.  
UL Physical Resource Unit 
In [1] at previous Orlando meeting, we proposed the DL PRU that comprises 18 consecutive subcarriers by 6 consecutive OFDM symbols and analyzed the advantages of that structure. The main feathers of that PRU structure include

· Achieving good band-scheduling capability with small overhead

· Providing reasonable packing efficiency for small packet transmission 
· Well matching to the proposed frame structure in the 802.16m SDD [2].
Reminding the benefit of that structure in the above and commonality between DL and UL, we propose the UL PRU that comprises 18 subcarriers by 6 OFDM symbols for the following scenarios.
· TDM approached legacy support scenario
In case of TDM-multiplexing in legacy support mode, the legacy UL and 16m UL subframes are multiplexed in a TDM manner. Therefore, PRU of 16m zone can be designed independently from legacy zone, as shown in Fig. 1.
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<Figure 1: UL Physical resource unit for TDM approached legacy support>

· FDM approached legacy support (in AMC mode) scenario
For the FDM-multiplexing in legacy support, the frequency granularity of 16m PRU should consider that of legacy system. Since the size of the legacy AMC unit is 18 by 3, if we adopt 18 by 6 as the 16m PRU, there is no problem in resource allocation. Figure 2 illustrates UL subframe structure and resource allocation with the proposed UL PRU in this scenario when the legacy system applies the AMC permutation mode.
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<Figure 2: UL Physical resource unit for FDM approached legacy support (in AMC mode)>
· Legacy disabled scenario

As you can expect, there is no problem when adopting 18 by 6 as the 16m PRU, as shown in Fig. 3.
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<Figure 3: UL Physical resource unit for legacy disabled mode>

The only scenario that we have not mentioned is FDM approached legacy support (in PUSC mode). It is difficult to use 18 by 6 PRU for this case because legacy PUSC has different frequency granularity. As represented in Figure 4, since the legacy PUSC tiles are spread across the available bandwidth, the 16m PRU should have a proper subcarrier size which can coexist with legacy PUSC, e.g., multiple times of subcarrier size of the legacy PUSC tile. In fact, it is better to apply the same PRU and subchannelization rule with legacy PUSC resource allocation. Consideration on new UL PRU and subchannelization rule in this scenario is TBD.   
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<Figure 4: UL Physical resource unit for FDM approached legacy support (in PUSC mode)>

UL Subcarrier to Resource Unit Mapping 
There are several important issues regarding UL subcarrier to resource unit mapping as follows:

· Multiplexing of data region and control region 

· Pilot structure

· Fractional Frequency Reuse (FFR)

Since detailed UL control channel structure and pilot structure are proposed and described in our other contributions [4][5], this section focuses on revealing our design concept and philosophy for UL mapping considering the issues above and proposing the mapping process in a high-level.

Our main design concept for UL mapping is as follows:

Data region and control region are multiplexed in a FDM manner within a sub-frame and subchannelization is optimized independently for data region and control region.

· Data region

· Support of both localized resource unit (LLRU) and distributed resource unit (DRU) in a FDM manner.

· A DRU comprises multiple tiles, each of which has the same number of consecutive subcarriers as PRU, but, a smaller number of consecutive symbols than PRU, e.g., 18 by 2 or 18 by 3. Tiles are spread in frequency-domain to get diversity gain. 

· FFR grouping can be applied for data region.

· Control region 

· Same control region in different cells. 

· A control channel comprises multiple tiles to get diversity gain. More details can be found in [5] 
· Whether or not to adopt FFR grouping for control channel is FFS, but, our preference is not to apply FFR grouping for control region. In other words, users classified to different FFR groups can share the same control channel in a CDM manner. 

Based on the main design concept above, UL subcarrier to resource unit mapping process is as follows: 
1. Reserve PRUs for control region (common region between cells)

2. FFR grouping for data region (common grouping between cells)

3. Allocation of RUs for localized data subchannels within the FFR group 

4. Allocation of RUs for distributed data subchannels across the regions of multiple FFR groups.

5. Sub-channel mapping for control CH, localized data sub-CH, and distributed data sub-CH 
Figure 5 illustrates the concept of UL subcarrier to resource unit mapping.
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<Figure 5: A concept of UL subcarrier to resource unit mapping>
Conclusions 
In this contribution, we propose the UL physical resource unit and the concept of subcarrier to resource unit mapping. The proposed physical resource unit that comprises 18 subcarriers by 6 OFDM symbols well supports for most of legacy support/legacy disabled mode and has the same benefit as shown in the previous DL contributions. And the proposed method of subcarrier to resource unit mapping represents a high-level concept based on multiplexing of data/control region, pilot structure, and FFR grouping.  
Text Proposal for the 802.16m SDDs 
============================== Start of Proposed Text =================================

Section 11.x: UL Physical Structure

Section 11.x.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 equals to 18 subcarriers and Nsym equals to 6 (TBD for the FDM approached legacy support in PUSC mode). A logical resource unit (LRU) has the same size of a PRU and is the basic unit for localized and distributed resource allocation. 
Section 11.x.1.1: Distributed resource unit

The distributed resource unit (DRU) contains subcarriers which are spread across the allocated PRUs. A DRU has the equal size of a PRU and the minimum unit for forming the DRU is equal to a fraction of the PRU.
Section 11.x.1.2: Localized resource unit

The localized resource unit contains a group of contiguous subcarriers and has the same size of a PRU.
Section 11.x.2: Subcarrier to resource unit mapping
Data region and control region are multiplexed in a FDM manner within a sub-frame and subchannelization is optimized independently for data region and control region.

· Data region

i. Support of both localized resource unit (LLRU) and distributed resource unit (DRU) in a FDM manner.

ii. A DRU comprises multiple tiles, each of which has the same number of consecutive subcarriers as PRU, but, a smaller number of consecutive symbols than PRU, e.g., 18 by 2 or 18 by 3. Tiles are spread in frequency-domain to get diversity gain. 

iii. FFR grouping can be applied for data region.

· Control region 

i. Same control region in different cells. 

ii. A control channel comprises multiple tiles to get diversity gain. 
Based on the main design concept above, UL subcarrier to resource unit mapping process is as follows: 
1. Reserve PRUs for control region (common region between cells)

2. FFR grouping for data region (common grouping between cells)

3. Allocation of RUs for localized data subchannels within the FFR group 

4. Allocation of RUs for distributed data subchannels across the regions of multiple FFR groups.

5. Sub-channel mapping for control CH, localized data sub-CH, and distributed data sub-CH 
Figure x illustrates the concept of UL subcarrier to resource unit mapping.
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<Figure x: A concept of UL subcarrier to resource unit mapping>

=============================== End of Text Proposal ===============================
Reference

[1] IEEE C80216m-08_152r1, “Physical Resource Allocation Unit in IEEE 802.16m Downlink”
[2] IEEE C80216m-08_118r3, “Proposed 802.16m Frame Structure Baseline Content Suitable for Use in the 802.16m SDD”
[3] IEEE C802.16mDL_PHY-08/009r5, “Proposed 802.16m DL PHY Structure Baseline Content Suitable for Use in the 802.16m SDD” 
[4] IEEE C80216m-08_441, “Pilot Structure in IEEE 802.16m Uplink” 
[5] IEEE C80216m-08_447, “UL Control Structure”



















  


_1270965303.vsd
16m UL subframe


16m UL subframe


16m UL subframe


18 subcarriers


6 OFDM symbols


Physical resource unit 0


Physical resource unit K



_1271243471.vsd
Legacy UL zone


4k subcarriers
(k=1,2,..)


16m UL zone


Legacy
PUSC tile


16m PRU


3 OFDM symbols


4 subcarriers


6 OFDM symbols


Set proper PRU size for flexible resource allocation


Time


Freq


1 UL subframe



_1271586694.vsd
: Control region


: Data region


: FFR grouping for data region


. . .


. . .


: Control sub-CH


: Localized data sub-CH


: Distributed data sub-CH


PRU to control and data region permutation


Sub-channel mapping


PRU


Same permutation rule between cells



_1271243438.vsd
Legacy
AMC unit


16m UL zone


16m PRU


Legacy UL zone


18 subcarriers


18 subcarriers


6 OFDM symbols


3 OFDM symbols


Same PRU granularity


1 UL subframe


Time


Freq



_1270965282.vsd
Legacy UL subframe


16m UL subframe


16m UL subframe


18 subcarriers


6 OFDM symbols


Physical resource unit 0


Physical resource unit K



