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1. Introduction
The eNB signals the assigned modulation and coding scheme (MCS) to the UE within the DL grant. It is currently assumed that 5 bits are allocated for such [1]. Since it was decided that the MCS values will incorporate the MCS values given in the 4-bit channel quality indicator (CQI) table, it is currently not clear how the 1-bit expansion is performed (e.g. to indicate additional MCS values for VoIP, which is not applicable for MIMO transmission). To support MIMO operation, two MCSs are needed when multiple layers are transmitted. Some possibilities of reducing the total TFI size were discussed, such as using a differential MCS [2]. 

Transmission rank (the number of layers) adaptation is supported for the E-UTRA MIMO. As a result, the number of transport blocks (TBs) transmitted to a particular UE is adapted depending on the link condition such as channel and data availability. When rank >1 transmission is scheduled, two MCSs are needed to represent the two transport blocks (TBs). Currently, each TB can be assigned any valid MCS, even in cases where one or more TBs have very low spectral efficiencies. 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 (TFs) 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. 

The above possibility of reducing the number of transport formats for 2-TB transmission is studied in this contribution. 

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 spectral efficiency overlap is illustrated in Figure 1 assuming a set of 15 MCS levels given in the agreed upon 4-bit CQI table [1, 3] 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 the minimum MCS index is set to 4, 6, and 7 for rank-2 transmission, the overlap in data rates is reduced to 39%, 28%, and 23%, respectively. 
Similar observation can be made for the 4x4 (the maximum of 4 layers) scenario where rank-1, 2, 3, and 4 are possible. 

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 an MCS 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.
A conceptual diagram of the MCS restriction is shown in Figure 2: 
· When 1-TB transmission is scheduled, no MCS restriction is applied.

· When 2-TB transmission is scheduled, the MCSs of two TBs should fall in the unshaded grid. In other words, rank>1 transmission mode should be used only if the channel is sufficiently good such that two TBs have a strong MCS. Otherwise, if one of the TBs has a very small MCS, UE can safely fallback to rank-1 transmission without any significant performance loss. This also results in some increase in CQI report coverage when the MCS restriction is also applied to the CQI reporting. This is because rank-1 CQI (smaller in size) is reported instead in such conditions. 
[image: image6.bmp]
Figure 1: MCS assuming rank-1 and rank-2 transmissions.

[image: image2]
Figure 2: Diagram of MCS selection for a two-codeword spatial multiplexing.
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 – 5 depict the throughput comparison for 2x2, 4x2, and 4x4 spatial multiplexing, respectively. Two receivers are simulated: linear MMSE and SIC. The MCS label is given in Table A1 of the Appendix. It is observed that even with the minimum MCS of 8, the loss is negligible. Hence, it is possible to restrict the higher rank transmission from using QPSK without significant throughput loss (see Table A.2).
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Figure 3: Throughput with and without MCS restriction in 2x2 SCM channel
[image: image4.emf]-5 0 5 10 15 20 25

0

5

10

15

20

25

30

35

geometry (dB)

average throughput (Mbps)

Nt = 4, Nr = 2, V = 3kph

 

 

lmmse

sic

min MCS = 1

min MCS = 2

min MCS = 4

min MCS = 6

min MCS = 8


Figure 4: Throughput with and without MCS restriction in 4x2 SCM channel
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Figure 5: Throughput with and without MCS restriction in 4x4 SCM channel
4. Conclusions
In this contribution, we propose the minimum MCS restriction for 2-TB MIMO transmission. By restricting the 2-TB transmission from using some of the lowest MCS levels, the total size of the MCS indicator can potentially be reduced. We have demonstrated that the MCS restriction results in marginal throughput degradation. Since such restriction is potentially beneficial in reducing the size of MCS indicator for 2-TB transmission, we recommend that some minimum MCS restriction be applied for 2-TB MIMO transmission and accounted in the design of DL grant format.  
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Appendix: Simulation Assumptions 
Table A1: Simulation Setting

	PARAMETER
	VALUES

	UE Speed
	3kmph

	Channel profile
	SCM

	eNB antenna spacing
	4

	UE antenna spacing
	2

	Antenna configuration 
	2x2, 4x2, and 4x4

	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 sub-frame

	Pre-coding granularity
	5 PRBs

	CQI sub-band size
	5 PRBs

	CQI feedback scheme
	Higher-layer configured

	Spatial multiplexing scheme
	Zero-delay CDD


 Table A2: 4-bit CQI table [3]
	CQI index
	modulation
	coding rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.3770

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547
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