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1. Introduction
The eNB signals the assigned transport format (TF) to the UE within the DL grant. It is currently assumed that 4 – 7 bits are allocated for the TF indicator (TFI) [1], which is intended to represent a wide range of transport formats or modulation-coding scheme (MCS), e.g. from QPSK rate 1/5 to 64QAM rate 7/8. The size of TFI is also related to the size of channel equality indicator (CQI) which is currently assumed 4 – 5 bits. To support MIMO operation, two TFIs are needed to represent the two transport blocks (TBs) when >1 layers are transmitted. Some possibilities of reducing the total TFI size were discussed, such as using a differential TFI for the second TB [2]. 

Transmission rank (the number of MIMO layers) adaptation is supported for the E-UTRA MIMO. As a result, the number of TBs transmitted to a particular UE is adapted depending on the link condition such as channel and data availability. When rank 2 transmission is scheduled, two TFIs are needed to represent the two transport blocks (TBs). Currently, each TB can have an arbitrary transport block size, even in cases where one or more of the MIMO streams have very low spectral efficiencies (like QPSK rate 1/5). Intuitively, such high scheduling flexibility may be unnecessary as there is some significant overlap in the nominal data rate between the 1-TB transmission with higher level MCS and the 2-TB transmission with lower level MCS on both TBs. This fact can be exploited for reducing the number of transport formats without any significant effect on the system performance. For example, if the MIMO channel is ill-conditioned, the single stream transmission tends to have better or at least comparable spectral efficiency. More generally, one would expect that the system throughput is not significantly impacted if one prevents the transmission of low data-rate streams in the MIMO mode. Indeed, as demonstrated by simulation, one can restrict the lowest per-stream data rate for rank-2 transmissions to 1.5-bps/symbol with a maximum throughput loss of 5%. In return for this scheduling restriction, several benefits can obtained as listed below.

1. Efficient downlink control signaling. The restriction of minimum data rate essentially reduces the TFI combinations of the two MIMO streams. Thus, one can more compactly signal the TFIs of two MIMO streams under the proposed restriction. 
2. Such a restriction simplifies UE design. In particular, the buffering requirement of advanced receivers such as SIC is reduced. Generally, a large part of the SIC buffering is governed by the time taken to completely receive and decode the first codeword. A lower data rate leads to a higher codeword length and hence larger buffering.
In this contribution, we evaluate the link-level performance of SU-MIMO system with a minimum transport block size (TBS) restriction for rank-2 transmission for 2x2 and 4x2 MIMO. The same study for 4x4 MIMO is ongoing. We demonstrate that the TF restriction results in marginal throughput degradation. Since such restriction has the benefits outlined above, we recommend that a minimum TBS restriction be applied for 2-TB MIMO transmission and accounted in the design of DL grant format.  
2. Minimum TF Restriction
As mentioned in Section 1, since each TB has a wide range of MCS levels, there is some significant overlap in the nominal data rate between the 1-TB and 2-TB transmissions.  The data rate overlap is illustrated in Figure 1 assuming a set of 24 MCS levels (ranging from QPSK rate 1/5 to 64QAM rate 5/6) given in Appendix A and a 2x2/4x2 MIMO setup (max. number of layers = 2). The following can be observed:
· The lower 42% of the rank-2 data rates are covered with the set of data rates for rank-1. 
· When QPSK is not used for rank-2 transmission, the overlap in data rates is reduced to 18%. 
While the overlap between rank-1 and rank-2 data rates is beneficial especially for the medium geometry range, reducing the large overlap by imposing a TF restriction (e.g. not using QPSK modulation for rank-2 transmission) may not incur significant penalty on the system performance. The performance penalty comes due to the less frequent use of rank-2 transmission.
[image: image7.bmp]
Figure 1: Data rate assuming rank-1 and rank-2 transmissions.

A conceptual diagram of the TF/MCS restriction is shown in Figure 2 for a 2x2/4x2 MIMO system with two codewords. 
· When rank-1 transmission is scheduled, no TF restriction is applied.

· When rank-2 transmission is scheduled, the MCSs of two codewords should fall in the unshaded grid. 
This concept can also be extended to 4x4 MIMO although it is not discussed in this contribution.
3. Simulation Results

In this section, we show the link-level throughput simulation results with minimum TF/MCS restriction. The simulation assumptions are given in Appendix A. 

Figures 3 – 6 show the nominal throughput as well as the throughput loss (in percentage) with respect to that without the minimum MCS restriction. Two receivers are simulated: linear MMSE and SIC. The MCS label is given in Table A1 of the Appendix. The following observations can be made:
· The throughput loss with minimum MCS restriction is a function of the geometry. As expected, larger loss occurs at medium geometry range. 

· The throughput loss is more pronounced with the SIC receiver compared to the LMMSE receiver. Similarly, the loss is larger for 4x2 than 2x2 due to the more frequent use of rank-2 transmission for 4x2 MIMO.

· For 2x2 and 4x2 MIMO with rank adaptation, the maximum throughput degradation (in the middle geometry range) with 
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 is only 2-3% for LMMSE and 4-7% for SIC. Hence, it is possible to restrict the rank-2 transmission from using QPSK.
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Figure 2: Diagram of MCS selection for a two-codeword 2x2/4x2 MIMO system.
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Figure 3: Throughput in 2x2 uncorrelated TU channel with and without MCS restriction
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Figure 4: Throughput loss w.r.t. without MCS restriction in 2x2 TU channel
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Figure 5: Throughput in 4x2 uncorrelated TU channel with and without MCS restriction
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Figure 6: Throughput loss w.r.t. without MCS restriction in 4x2 TU channel
4. Advantages of Minimum MCS Restriction
4.1. Simplify the SIC Receiver
With SIC receiver, the soft output bits/LLR of the lower layer codewords need to be stored, re-encoded and re-modulated for the purpose of decoding the higher layer codewords. A buffer is therefore needed to store such information. The required buffer size is larger for lower level MCSs. Applying a lower bound to the MCS reduces the buffer size requirements at the MIMO receiver. 
4.2. Reduce DL Control Signaling Overhead
The minimum MCS restriction benefits the DL control signaling. In the DL, the eNB-selected MCS needs to be reported to UE for DL receiving. Limiting the minimum MCS reduces the size of TFI as well as the modulation indicator for representing the MCS combination.

5. Conclusions
In this contribution, we evaluated the link-level performance of SU-MIMO system with a minimum transport block size (TBS) restriction for rank-2 transmission for 2x2 and 4x2 MIMO. We demonstrated that the TF restriction results in marginal throughput degradation. Since such restriction is beneficial in reducing the TFI size and reduces the memory requirement with SIC receiver, we recommend that some minimum TBS restriction be applied for 2-TB MIMO transmission and accounted in the design of DL grant format.  
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Appendix A: Simulation Assumptions and MCS Table
Table A1: MCS table

	MCS
	Modulation
	coding rate

	1 - 8
	QPSK
	1/5, 1/4, 1/3, 2/5, ½, 3/5, 2/3, ¾

	9 - 17
	16QAM
	2/5, 9/20, ½, 11/20, 3/5, 2/3, ¾, 4/5, 5/6

	18 -24
	64QAM
	3/5, 5/8, 2/3, 17/24, ¾, 4/5, 5/6


Table A2: Simulation Setting

	PARAMETER
	VALUES

	UE Speed
	3kmph,

	Channel profile
	TU

	Number of Node-B antennas
	4, 2

	Number of UE antennas
	2

	System Bandwidth
	5 MHz

	Resource Block Bandwidth
	180 kHz

	TTI duration
	1.0 ms (14 OFDM symbols)

	CQI feedback delay
	2 TTIs

	HARQ Feedback Delay
	8 TTIs. Error-free ACK/NACK assumed

	Max Number of HARQ Retransmissions
	3

	Rank/PMI/CQI feedback interval
	1 subframe


MCS of codeword 2





MCS of codeword 1
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