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Proposed Changes to DL subcarrier mapping (15.3.7.2.4) for the IEEE 802.16m/D1
Alexei Davydov, Tom Harel
Intel Corporation
Introduction
The current subcarrier mapping rule defined in 802.16m D1 for downlink allocations follows frequency first order mapping principle. In accordance to the specified approach the data subcarriers at the output of MIMO precoder are first mapped over entire OFDM symbol (across LRU boundaries) and when the edge of allocation is reached the mapping continues on the next OFDM symbol. The reason for this approach is to provide sufficient frequency diversity order to the transmitted data and to simplify implementation of the transmitter (ABS for downlink). In this contribution we propose some modifications to subcarrier mapping rule for downlink transmission that simplifies operation of the receiver (AMS for downlink) without substantial performance loss.
Motivation
Reduction of the implementation complexity sets different requirements on the subcarriers mapping rule:

1. For transmitter it is preferable to use frequency first mapping rule over entire OFDM symbol across LRU boundaries. In this case IFFT operation can be started after encoding and modulation of ~1/6 of the data burst, which allows smaller transmission latency (and smaller buffer sizes)

2. For the receiver it is preferable to fill the LRU one by one in the frequency first order. The reason is that the receiver can not start demodulation and decoding of received data before the end of subframe (due to channel estimation). Since the processing at the receiver (channel estimation, noise whitening) require operation on PRU by PRU basis it is better to complete them on the entire CRU first before starting processing on the next one. In this case if mapping follows the 802.16m D1 approach (frequency first over entire allocation) the first LRU may contain parts of many FEC blocks and decoding can start only after processing of all CRUs in allocation.  

Usually the latency of the transmission is much tighter in the UL than in the DL. UL requires very short delay between UL assignment A-MAP to the actual transmission (and a lot of processing is required during this period), while DL requirement is much more relaxed. Also in the UL the number of concurrent bursts is usually limited while in the DL usually large number of concurrent burst is supported. Using above arguments we propose to keep the existing mapping rule for UL transmission and adopt new approach for DL transmission
Impact on the performance
Since FEC block may occupy small portion of allocated bandwidth for the proposed rule then some FEC blocks may suffer from fading while other FEC blocks may have good channel condition. This is not an issue for DRU allocation since subcarriers are spread out over entire frequency for each symbol of LRU. However for CRUs it is possible that some LRUs will have significantly better channel condition than other LRUs in the same allocation. To evaluate impact of FEC block partition with proposed subcarrirer mapping rule a link level simulations were conducted for MB-CRU allocations and MIMO Mode 1 (spatial multiplexing, rank-1) for worst case allocation sizes and MCS. The parameters of these allocations are provided in Table 1.

	Alloc. #
	Idx
	Isize_Offset
	Allocation Size
	Kfb
	~Number of occupied LRUs be FEC block

	1
	46
	28
	23
	3
	7

	2
	49
	28
	33
	4
	9

	3
	52
	28
	46
	5
	10

	4
	58
	28
	91
	10
	10  (not simulated)


The simulation results are presented in Figure 1 (802.16m D1) and Figure 2 (proposed scheme) for two mapping schemes. 
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Figure 1. Performance of 802.16m-D1 data subcarrier mapping rule
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Figure 2 Performance of proposed data subcarrier mapping rule
It can be seen that performance difference between 802.16m D1 approach and proposed one is almost negligible.

Text proposal for inclusion in the 802.16m D1
<Modify text on page, line section 15.3.7.2.4 as follows.>

-------------------------------  Text Start  ---------------------------------------------------
15.3.7.2.4 Mapping of data and pilot subcarriers
Consecutive symbols for each antenna at the output of the MIMO precoder are mapped in a frequency domain first order, starting from the data subcarrier with the smallest OFDM symbol index and smallest subcarrier index, and continuing to subcarrier index with increasing subcarrier index. When the edge of the allocation is reached, the mapping is continued on the next OFDM symbol.

Consecutive symbols for each antenna at the output of the MIMO precoder are mapped in a frequency domain first order in LRU and frequency first order over the LRUs of the allocation. The mapping of symbols in LRU shall start from the data subcarrier with the smallest OFDM symbol index and smallest subcarrier index, and continuing to subcarrier index with increasing subcarrier index within LRU. When the last subcarrier of the LRU is reached, the mapping is continued on the subcarrier with smallest subcarrier index of the next OFDM symbol of LRU. When the entire LRU is filled the mapping continues on the next LRU of allocation, where LRU are indexed in frequency first order.
An illustration of the mapping rule is shown in Figure X for allocation size of 2 LRUs by 3 DL subframes in MIMO mode 1 with Mt = 2.
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Figure X: Subcarrier mapping in the DL allocation
15.3.7.2.4.1 MIMO mode 0

15.3.7.2.4.2 MIMO mode 1, 2

15.3.7.2.4.3 MIMO mode 3, 4

-------------------------------  Text End  ---------------------------------------------------
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