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1 Introduction

In previous meeting, the following were agreed for Uplink Capacity Enhancements [1]: 
Agreements:

· The minimum TBS index for 16QAM is 11

· The minimum TBS index for 64QAM is 20

· The minimum TBS index for 256QAM is 30

· 3 entries are reserved for retransmissions

· The number of PUSCH MCS entries to support 256QAM is down-selected between
· Alt 1: 6

· Alt 2: 5
· Alt 3: 4
Agreements:

· Reference number of REs available in PUSCH for UL 256QAM TBS design is 144 REs/PRB

· The maximum coding rate for PUSCH with 256QAM should not exceed 0.931

· FFS whether or not to introduce new TBS index(es) for PUSCH with 256QAM
· Companies are encouraged to submit evaluations to RAN1#85
In this contribution, we discuss the considerations on design of MCS table for UL 256QAM, and present the simulation results with proposed MCS table design. 
2 Discussion
TBS index design
As discussed in companion paper [3], the spectral efficiency and peak data rate for uplink transmission can be improved with small cell deployments or eNB equipped with many receiving antennas. In addition, normally there are more REs available in PUSCH than PDSCH, thus, larger TB size can be supported in uplink than downlink.
Therefore, we propose to introduce new TBS indices to support uplink 256QAM, with designs in companion contribution [3]. By extrapolating the spectral efficiency of existing TBS indexes, new TBS indexes 34 and 35 are introduced with coding rate 0.8940 and 0.9209, or spectral efficiency 7.08 and 7.37, respectively. Compared to TBS 33 with 100 PRB, the spectral efficiencies of TBS indexes 34/35 are increased by 4.0% and 7.8%, respectively.
System level simulations in small cell enhancement (SCE) scenarios are performed in [2], with simulation results reproduced in Table 1. It can be observed that under different SCE scenarios and different traffic loads, 5.1% ~ 19.4% of PUSCH transmissions can be configured with TBS 34, and 3.1% ~ 11.0% of PUSCH transmissions can be configured with TBS 35. Considering the achievable gain, we propose:
Proposal 1: Introduce new TBS indices with coding rate 0.8940 and 0.9209 to support UL 256QAM.
Table 1 Simulation results with different small cell scenarios
	
	
	Percentage of PUSCH transmission

	TBS index
	SINR
	Scenario 2a with 50% RU
	Scenario 2b with 50% RU
	Scenario 2a with full buffer
	Scenario 3 with 50% RU

	34
	>= 25.6 dB
	8.2%
	29.7%
	15.4%
	27.8%

	35
	>= 26.4 dB
	3.1%
	10.3%
	7.9%
	11.0%


New MCS entries to support 256QAM
In MCS design, the same principles for the Rel-12 MCS tables are applied that the spectral efficiencies should be equally spaced between MCS entries [4]. So the six new MCS entries for 256QAM are given in table 2, as well as corresponding spectral efficiencies and coding rates 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 [3]. 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 2:
· 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.
System level simulations of the proposed MCS table are performed with assumptions in [2]. Compared with Rel-8 PUSCH MCS table, the throughput gain of proposed MCS table is shown in Table 5. It can be shown that 10.1%~22% gain can be achieved under different SCE scenarios and different traffic loads.
Table 5 Throughput gain of proposed MCS table compared to Rel-8 MCS table
	Throughput gain of proposed MCS table compared to Rel-8 MCS table

	Scenario 2a with 50% RU
	Scenario 2b with 50% RU
	Scenario 2a with full buffer
	Scenario 3 with 50% RU

	10.1%
	21.9%
	16.8%
	22%


Observation 1: Compared to Rel-8 PUSCH MCS table, the proposed MCS table can achieve 10.1%~22% throughput gain under different SCE scenarios and different traffic loads.
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 indices with coding rate 0.8940 and 0.9209 to support UL 256QAM.
Proposal 2:
· 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.
System level simulation results are presented with following observations:

Observation 1: Compared to Rel-8 PUSCH MCS table, the proposed MCS table can achieve 10.1%~22% throughput gain under different SCE scenarios and different traffic loads.
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