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Design and Proposed 802.16m AWD Text for FFR A-MAP
Yi Hsuan and Hujun Yin
Intel Corporation

1. Introduction.
The current AWD (80216m-09_0010r2) describes the flexibility to allow one A-MAP region in each frequency partition. However details on how A-MAP should be designed to work in the fractional frequency reuse (FFR) deployment are not described. In this contribution, we present our analysis results to show the benefit to have A-MAP in more than one frequency partition per sector in case of FFR deployment. We also describe details of each A-MAP channels (non-user specific, assignment, HARQ feedback, power control) in the frame work of FFR. Finally we propose text to be considered for adoption in 802.16m AWD.
2. Data throughput analysis using reuse 1 only, reuse 3 only, or both reuse 1 and 3 for assignment A-MAP
To perform data throughput analysis, we use the channel capacity equation to approximate the data throughput after resource for A-A-MAP is taken away. Data throughput is approximated as follows 
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where BD is the fraction of total bandwidth available for data and PD is the power density change (1 is no change) for data after control channel power boosting or de-boosting. SINR0 is a nominal SINR in linear scale to approximate the averaged data SINR value in the cell.
Given a number of users in the sector, two assignment (DL and UL) A-MAPs are associated with each user. The simulator assigns bandwidth and power required for each assignment A-MAP based on the averaged SINR, MCS of an MS and implementation loss. In the simulation, MSs are selected randomly based on the SINR distribution of the EMD baseline cell configuration. BD and PD can be calculated after all assignment A-MAPs are assigned. The final throughput number is calculated after 1000 iterations, each with a set of randomly selected MS from the cell.
In case of FFR or soft FFR, we consider the following scenarios: 

1. Assignment A-MAP in reuse 1 partition only.

2. Assignment A-MAP in power boosted reuse 3 partition only.

3. Assignment A-MAP in both reuse 1 and power boosted reuse 3 partitions. 

Two nominal SINRs are assumed in the analysis: SINR1 for reuse 1 group nominal SINR and SINR3 for reuse 3 group nominal SINR. SINR1 and SINR3 are assumed to be 3 and 12 (6 dB higher than reuse 1) respectively. The data throughput equation becomes the following
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where BDi is the fraction of total system bandwidth available for data in frequency reuse group i. The simulation to find the average data throughput is done with the following setup:
1. Link level performance is used to determine the target SINR for a given MCS. To achieve 1% PER, QPSK ½, ¼, 1/8, 1/12 needs SINR of 2.6, -0.9, -3.45, and -4.65 dB respectively.
2. 1.5 km ISD cell size is used.
3. Implementation loss of 2 dB is used to cover performance loss due to implementation and interference limited scenarios.
4. 10 MHz band and 48 PRUs are used in the simulation.
5. FFR frequency partition configuration is 12:12:12:12.
6. In the case that AMAP can be present in both reuse 1 and reuse 3, QPSK ½ and ¼ can be used for the reuse 1 partition and QPSK ½ is used for the reuse 3 partition.
7. In case of multiple MCSs levels, suppose a user’s SINR (SINR(u)) falls between the target SINRs for MCS(i) and MCS(i+1), denoted by SINR(i) and SINR(i+1). MCS(i) is chosen if SINR(u)> (SINR(i)+SINR(i+1))/2 -1. MCS(i+1) is chosen otherwise
It’s critical that reuse 1 A-A-MAP should have two MCS levels so that the system can still operate when reuse 3 is not available for AMAP, which can happen if the service provider does not want to allocate distributed resource in the reuse 3 partition or the reuse 3 partition is small. Reuse 3 can use QPSK ½ only because of its much better SINR distribution.
Other A-MAP overhead Included in the simulation is

1. Non-user specific A-MAP occupies 0.5 LRU if only one frequency partition has assignment A-MAP.
2. Non-user specific A-MAP occupies 0.75 LRU if two frequency partitions have assignment A-MAP.
3. Ack/Nack and power control A-MAP take 1 LRU.
4. Because AMAP region may not be aligned with LRU boundary, a half LRU is assumed to be wasted in each AMAP region.
Table 1 shows the sector data throughput simulation of the three FFR A-A-MAP scenarios. From the simulation results we can draw the following conclusions. 

1. Distributing assignment AMAP in both reuse 1 and reuse 3 groups gives the highest throughput number. For 4 users:
i. 4.2% higher than reuse 3 only AMAP (QPSK ½)
ii. 22.2% higher than reuse 1 only AMAP (QPSK ½ and 1/4)
2. For high control overhead cases (e.g. VoIP limited scenarios), distributing assignment AMAP in reuse 1 and reuse 3 partitions can significant increase the number of supported users. 
3. Assignment A-MAP should be allowed in both reuse 1 and power boosted reuse 3 partitions.
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Reuse 1 and 3, QPSK 1/2 and 1/4

Reuse 1 only, QPSK 1/2 and 1/4

Reuse 1 only, QPSK 1/4

Reuse 3 only, QPSK 1/2


Table 1: Sector data throughput comparison with different FFR A-MAP locations 

3. Location of Non-user specific, HARQ feedback, and power control A-MAPs in FFR 
The total resource of non-user specific, HARQ feedback, and power control A-MAP is generally much less than assignment A-MAP. Therefore distributing them over multiple frequency partitions do not provide much benefit. Separating non-user specific A-MAP to two partitions makes the number of information bits less in each partition, thus creating challenges in coding design and/or resource waste. Therefore it makes more sense to put non-user specific, HARQ feedback, and power control A-MAPs in one frequency partition only in each sector at a time.
Regarding which frequency partition to use for these A-MAP channels, both reuse 1 and power boosted reuse 3 partitions should be considered. In general, power boosted reuse 3 has higher SINR and can potentially provide better coverage and reliability for these A-MAPs. However, some frequency partition configuration may have very small reuse 3 partitions. Also service providers may not want to allocate DRU in reuse 3. In such cases, reuse 1 may be preferred. 

Therefore we propose to allow BS to signal through SFH the location of these A-MAPs in either the reuse 1 partition or the power boosted reuse 3 partition. 

Amendment text proposal for inclusion in 802.16m-09/0010r2
-------------------------------  Start Text Proposal --------------------------------------------------- 
[ --------- Recommended AWD Text Proposal #1 (page 186, line 25)------------]
In the DL subframes where the A-MAP regions can be allocated, each frequency partition may contain an A-MAP region. An A-MAP region, if present, shall occupy the first few distributed LRUs in a frequency partition. If frequency resource of a DL Subframe is composed of reuse 3 and reuse 1 frequency zone, the highest power level frequency partition in reuse 3 frequency zone may contain an A-MAP region. If FFR is used in a DL subframe, both the reuse 1 partition and the power boosted reuse 3 partition may contain an A-MAP region. In a DL subframe non-use specific, HARQ feedback, and power control A-MAPs can be in either the reuse 1 partition or the power boosted reuse 3 partition. ABS signals the frequency partition with non-user specific, HARQ feedback, and power control A-MAPs through SFH. Assignment A-MAP can be in the reuse 1 partition or the power boosted reuse 3 partition or both. The number of assignment A-MAPs in each frequency partition is signaled through non-use specific A-MAP.
The structure of an A-MAP region is illustrated in the example in Figure 473. The resource occupied by each A-MAP physical channel may vary depending on the system configuration and scheduler operation.
In DL subframes other than the first subframe of a superframe, An an A-MAP region consists of the first NA-MAP LA-MAP distributed LRUs in a frequency partition and the LRUs are formed from PRUs with Nsym symbols. In the first DL subframe of a superframe, the A-MAP region consists of the first NA-MAP distributed LRUs after NDLRU,SFH distributed LRUs occupied by SFH.
[  ------ Recommended AWD Text Proposal #2 (page 189, line 36) ------]
After rate matching and repetition, the encoded bit sequences shall be modulated using QPSK. For a given system configuration, assignment A-MAP IEs can be encoded with two different effective code rates. The set of code rates is (1/2, 1/4) or (1/2, 1/8).

In case of FFR, two code rates, either (1/2, 1/4) or (1/2, 1/8), can be used in the reuse 1 partition. Only 1/2 code rate can be used in the power boosted reuse 3 partition.

-------------------------------  End Text Proposal ---------------------------------------------------
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