3GPP TSG RAN WG1 Meeting #84bis
R1-162140
Busan, Korea, April 11–15, 2016
Agenda Item:
7.3.8
Source:
Huawei, HiSilicon

Title:
MCS table for UL 256QAM
Document for:
Discussion and Decision 

1 Introduction

In RAN#71, the following objective was agreed for Uplink Capacity Enhancements [1]: 
This work item will specify 256QAM support in UL for LTE. The support of 256QAM shall be specified in a generic manner for both licensed and unlicensed spectrum. Focus of the work should be specific to the support of small cell deployments or deployments with eNB with many receive antennas. The detailed work starts from Q2 2016, the objectives are
· Introduce new MCS table and signaling to support 256QAM in UL [RAN1]
· …
In this contribution, we discuss the considerations on design of MCS table for UL 256QAM. 
2 Discussion
TBS index design
In Rel-12, DL and UL share the common TBS table, while MCS tables for DL and UL are defined respectively. For DL MCS table design, TBS index 27~33 are introduced into MCS table to specify the support for 256QAM. Considering the small cell deployments or eNB equipped with many receiving antennas, the SINR of uplink packets at eNB can be significantly improved, which translates into higher spectral efficiency and peak data rate for uplink transmission. Meanwhile, PUSCH has more REs than PDSCH in a P RB pair normally, due to overhead of PDCCH, CRS for downlink versus overhead of DMRS for uplink. Assuming 3 symbols of PDCCH and 2 antenna ports, there are 120 REs/PRB for downlink, while there are 144 REs/PRB for uplink. Then there would be a decrease of coding rate for UL, thus a loss of peak data rate, if the entries of DL MCS table to support 256QAM are reused for uplink. Therefore, we propose to introduce new TBS indices to support uplink 256QAM, with designs in companion contribution [2].
Proposal 1: Introduce new TBS index to support UL 256QAM.
To minimize the impact on standards, it is preferable that the number of bits for MCS indication is kept as 5.
Proposal 2: Entries in MCS table for UL 256QAM can be indicated by 5 bits.
Switching point design of 64QAM and 256QAM
Link level simulation is performed to evaluate the BLER of 64QAM and 256QAM with different TB sizes, with simulation assumptions in Table 5 of Appendix A. The results are shown in Figure 1, and summarized in Table 1.
It is observed that 64QAM outperforms 256QAM with TBS index less than 30, and 256QAM outperforms 64QAM for TBS index 30 and 31.  Therefore, the switching point of 64QAM and 256QAM should be TBS index 30.
Proposal 3: The modulation for TBS index 27~29 is 64QAM, and 256QAM for TBS index larger than 29.
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Figure 1: 64QAM/256QAM BLER comparison of the same spectral efficiency in the AWGN channel
Table 1: Switching point of 64QAM and 256QAM 
	TBS index

	Spectral efficiency
	64QAM
	256QAM

	
	
	Coding rate
	SINR
	Coding rate
	SINR

	27
	4.62
	0.7707
	17.58
	0.5767
	17.91

	28
	4.94
	0.8231
	18.35
	0.6021
	18.87

	29
	5.12
	0.8531
	18.74
	0.6430
	19.63

	30
	5.47
	0.9109
	20.78
	0.6816
	20.78

	31
	5.64
	0.9395
	22.00
	0.7117
	21.71

	32
	5.89
	
	
	0.7340
	22.12

	33
	6.80
	
	
	0.8482
	24.72

	34
	7.08
	
	
	0.8940
	25.61

	35
	7.37
	
	
	0.9209
	26.46


New MCS entries to support 256QAM
It is also observed that when reaching TBS index 36, the coding rate reaches 0.9542, which is unrealistic with forfeit of coding gain. Therefore, TBS index 35 is proposed as the maximum TBS index. In MCS design, the same principles for the current MCS table are applied that the spectral efficiencies should be equally spaced between MCS entries [3]. So the six new MCS entries for 256QAM are given in table 2 as calculated. The new MCS entries X1~X4 correspond to existing TBS indices 30~33, and X5 and X6 correspond to newly proposed TBS index 34 and 35 in [2].Seven MCS entries are proposed to be removed to have larger spectral efficiency space in low SNR region, which is shown in Table 3 marked in red. The introduced MCS entries are shown in Table 4 marked in green and blue.
Table 2: New MCS entries for 256QAM
	New MCS index
	Spectral efficiency
	Coding rate
	TBS index

	X1
	5.47
	0.6816
	30

	X2
	5.64
	0.7117
	31

	X3
	5.89
	0.7340
	32

	X4
	6.80
	0.8482
	33

	X5
	7.08
	0.8940
	34

	X6
	7.37
	0.9209
	35


Table 3: Legacy table of Modulation, TBS index for PUSCH (red MCS entries removed)
	MCS Index
	Modulation Order
	TBS Index
	Spectral Efficiency

	0
	2
	0
	0.19

	1
	2
	1
	0.25

	2
	2
	2
	0.31

	3
	2
	3
	0.40

	4
	2
	4
	0.49

	5
	2
	5
	0.61

	6
	2
	6
	0.72

	7
	2
	7
	0.85

	8
	2
	8
	0.97

	9
	2
	9
	1.09

	10
	2
	10
	1.22

	11
	4
	10
	1.22

	12
	4
	11
	1.40

	13
	4
	12
	1.58

	14
	4
	13
	1.78

	15
	4
	14
	1.99

	16
	4
	15
	2.13

	17
	4
	16
	2.26

	18
	4
	17
	2.51

	19
	4
	18
	2.75

	20
	4
	19
	2.99

	21
	6
	19
	2.99

	22
	6
	20
	3.23

	23
	6
	21
	3.49

	24
	6
	22
	3.72

	25
	6
	23
	3.98

	26
	6
	24
	4.24

	27
	6
	25
	4.41

	28
	6
	26
	5.17

	29
	reserved
	

	30
	
	

	31
	
	


Table 4: Proposed MCS table for PUSCH (green MCS entries for 64QAM, blue MCS entries for 256QAM)
	MCS Index
	Modulation Order
	TBS Index
	Spectral Efficiency

	0
	2
	0
	0.19

	1
	2
	2
	0.31

	2
	2
	4
	0.49

	3
	2
	6
	0.72

	4
	2
	8
	0.97

	5
	2
	10
	1.22

	6
	4
	11
	1.40

	7
	4
	13
	1.78

	8
	4
	14
	1.99

	9
	4
	15
	2.13

	10
	4
	16
	2.26

	11
	4
	17
	2.51

	12
	4
	18
	2.75

	13
	4
	19
	2.99

	14
	6
	20
	3.23

	15
	6
	21
	3.49

	16
	6
	22
	3.72

	17
	6
	23
	3.98

	18
	6
	24
	4.24

	19
	6
	25
	4.41

	20
	6
	27
	4.62

	21
	6
	28
	4.94

	22
	6
	29
	5.12

	23
	8
	30
	5.47

	24
	8
	31
	5.64

	25
	8
	32
	5.89

	26
	8
	33
	6.80

	27
	8
	34
	7.08

	28
	8
	35
	7.37

	29
	reserved
	

	30
	
	

	31
	
	


Based on the discussion and table 3 and 4 above, we summarize the MCS table design as the following proposal.
Proposal 4:
· 9 entries (i.e., ITBS #1, 3, 5, 7, 9, 10, 12, 19, 26) in the legacy MCS table should be dropped.
· MCS entries 20~21 correspond to TBS indices 27~29 with 64QAM.

· MCS entries 23~28 correspond to TBS indices 30~35 with 256QAM.
3 Conclusions

In this contribution, the considerations on design of MCS table for UL 256QAM are presented, with following proposals:

Proposal 1: Introduce new TBS index to support UL 256QAM.
Proposal 2: Entries in MCS table for UL 256QAM can be indicated by 5 bits.
Proposal 3: The modulation for TBS index 27~29 is 64QAM, and 256QAM for TBS index larger than 29.
Proposal 4:
· 9 entries (i.e., ITBS #1, 3, 5, 7, 9, 10, 12, 19, 26) in the legacy MCS table should be dropped.

· MCS entries 20~21 correspond to TBS indices 27~29 with 64QAM.

· MCS entries 23~28 correspond to TBS indices 30~35 with 256QAM.
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Appendix A
Table 5: Link level simulation assumptions

	Carrier frequency 
	2GHz

	Channel model 
	AWGN

	Transmission mode
	TM1

	MIMO configuration
	1x1 for AWGN

	Channel estimation
	ideal

	Interference estimation
	ideal

	Received timing delay (us)
	0

	Frequency offset (Hz)
	0

	UE speed
	3km/h

	Data Allocation
	12 RBs

	Channel coding
	Turbo

	Overhead assumption
	2 DMRS symbols;


