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1   Introduction
It was agreed on RAN1 reflector and confirmed at Sevilla meeting that CQI feedback from UE will use a 4-bit table based on MCS ‎[1]. At Sevilla meeting, further discussion was continued on how the transport block (TB) size is signalled from the eNB to the UE and it was agreed that TB size will be calculated at UE based on RB allocation and MCS assigned ‎[2]. To define the MCS table used by eNB, the following guidelines are adopted:
· Size of MCS table

· 5 bit MCS signaling

· Some of the 32 entries may be used for RV signaling (FFS)

· CQI MCS values taken as a starting point for design

· May want to have some overlap (e.g. 16QAM rate 1/3 and QPSK rate 2/3)

In this contribution, we proposed the MCS table used by eNB based on our previous contribution ‎[3] with focus on specifying those overlap MCS with the same frequency efficiency.
2   Design of MCS table for eNB
At sevilla meeting, it is confirmed that the CQI table used by UE is a 4-bit MCS table as shown in Table 1
Table 1: 4-bit CQI table
	CQI index
	modulation
	coding rate  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


It was also agreed at Sevilla meeting that a 5-bit MCS table should be defined for eNB which is a superset of the 4-bit CQI table. It was suggested that the extra entries of this 5-bit MCS table may consider overlapping MCS. This consideration is in line with what we have proposed in ‎[3]. 
    In ‎[3], it was proposed to include some overlapping MCS when defining the MCS for eNB. This is based on the observations from the simulation that around those switching areas where modulation is switched from one level to the other, MCS with different modulations perform differently in different channels. In general, MCS with lower order modulation would perform better than higher order modulation in AWGN channels, but this trend is reversed in fading channel such as TU channel, namely, in fading channel, MCS with higher order modulation would perform better than that with lower order modulation. This can be simply explained by the fact that with the same spectrum efficiency, lower order modulation leads to higher code rates, whose performance would suffer more in fading channels due to fading puncturing effect.  

Therefore, to fully exploit such different behaviours in different physical channels, some overlapping MCS can be defined and eNB could have the final authority to determine which MCS can be selected. This is based on the following considerations:

1. First, eNB could have better capability to estimate channel statistic UE is experiencing, and therefore, could more precisely assign different MCS accordingly.

2. Second, the eNB could associate such assignments of these overlapping MCS to sub-channel assignment, for example, it could allocate lower order modulation MCS when sub-channel assignment is localized channel as for localized channel, the channel fluctuation is lower in general, at the same time, it could allocate higher order modulation MCS if sub-channel assignment is distributed channel, where the channel fluctuation would be larger in general.  

The MCS selected by the eNB will then be signalled through downlink scheduling assignment.

  Based on the above consideration, we proposed the following 5-bit MCS table used by eNB, which is shown in Table 2. The light yellow portion accommodates those MCS entries from the 4-bit CQI table. The light green portions and dark yellow portions are overlapping MCS with the same frequency efficiency. 

Some comments about this table:

1. Overlapping regions of spectrum efficiency are [ 1.05 1.52] ( for QPSK and 16QAM) and [2.57 3.58] ( for 16QAM and 64QAM ), according to AWGN curves and TU curves of SISO shown in Figure 1
2. 16 new MCS entries are added. Among them, there are 6 pairs of overlapping MCS. Effectively, 10 new spectrum efficiency values are added.

3. Entry 21 and entry 24 are one pair of overlapping MCS, but their spectrum efficiencies not exactly the same, since no integer number of coding rate for QAM-16 can match original CQI entry ( QAM-64 R = 567/1024). 

Table 2: 5-bit MCS table for eNB
	MCS index
	modulation
	coding rate  1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523 

	2
	QPSK
	120
	0.2344 

	3
	QPSK
	146
	0.2852 

	4
	QPSK
	193
	0.3770 

	5
	QPSK
	248
	0.4844 

	6
	QPSK
	308
	0.6016 

	7
	QPSK
	402
	0.7852 

	8
	QPSK
	449
	0.8770 

	9
	QPSK
	602
	1.1758 

	10
	QPSK
	672
	1.3125 

	11
	QPSK
	756
	1.4766 

	12
	16QAM
	301
	1.1758 

	13
	16QAM
	336
	1.3125 

	14
	16QAM
	378
	1.4766 

	15
	16QAM
	442
	1.7266 

	16
	16QAM
	490
	1.9141 

	17
	16QAM
	580
	2.2656 

	18
	16QAM
	616
	2.4063 

	19
	16QAM
	699
	2.7305 

	20
	16QAM
	792
	3.0938 

	21
	16QAM
	851
	3.3242 

	22
	64QAM
	466
	2.7305 

	23
	64QAM
	528
	3.0938 

	24
	64QAM
	567
	3.3223 

	25
	64QAM
	612
	3.5859 

	26
	64QAM
	666
	3.9023 

	27
	64QAM
	730
	4.2773 

	28
	64QAM
	772
	4.5234 

	29
	64QAM
	873
	5.1152 

	30
	64QAM
	904
	5.2969 

	31
	64QAM
	948
	5.5547 


Figure 1 shows the spectrum efficiency vs SNR curves for both AWGN and TU channels. It also indicates the switching areas between different modulations. 

[image: image1]
Figure 1: Spectrum efficiency vs SNR plots for AWGN and TU channels
3   Conclusions

In this contribution, a 5-bit MCS table for eNB is proposed, which is mainly focused on introducing some overlapping MCS with the same spectrum efficiency. The eNB should have the final authority to select the MCS based on CQI feedback from UE and other factors such as physical channel measurement or sub-channel assignment.  By introducing overlapping MCS in the MCS table used by eNB, it would allow eNB to adapt between different MCS for different physical channels and enhance per UE peak date rate and overall system throughput. 
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