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Introduction
The Uplink Capacity Enhancements for LTE Work Item [1] specifies the introduction of 256QAM support for the PUSCH. 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. We provided our input in [2] and [3] toward the objective of 
· Introduce new MCS table and signaling to support 256QAM in UL [RAN1]
The essential features of the design were agreed in RAN1 #84b [4]:
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 document, we provide further discussion on the design for Rel-14 PUSCH MCS table with 256QAM support.
Discussion on 256QAM MCS Table Design
MCS entries for QPSK, 16QAM and 64QAM support
The Rel-8 PUSCH MCS table was designed via the following principle [5]:
The Rel-8 PUSCH MCS table was designed by adjusting the modulation switching points of the Rel-8 PDSCH MCS table and completely reusing the TBS designed for the PDSCH.
The Rel-12 PDSCH MCS table with 256QAM support was designed with the following guidelines:
· The MCS density for lower order modulations is reduced.
· Duplicates of spectral efficiency using different modulation orders are removed.
· Existing TBS rows are used as much as possible and new rows are created to support data rates not reachable by existing TBS.
Extensive efforts were contributed by many companies to reach the consensus design for Rel-12 MCS table for PDSCH with 256QAM support. It is our view that duplicating such efforts should be avoided for the design of the MCS table for Rel-14 PUSCH with 256QAM support. 
The approach adopted for Rel-8 PUSCH MCS table design should be followed to the maximum extent possible. No changes should be made to the TBS indices supporting modulation orders lower than 256QAM. As shown in [2], this leaves 5 MCS entries for UL 256QAM support.
Proposal 1
For Rel-14 PUSCH MCS table with 256QAM support, 5 MCS entries are used for UL 256QAM.
Proposal 2
For Rel-14 PUSCH MCS table with 256QAM support, MCS #0-23 are given in the following:
	MCS 
Index
	Modulation
Order
	TBS
Index
	
	r x 1024
	SE

	0
	2
	0
	
	100.0000
	0.1953

	1
	2
	2
	
	160.8333
	0.3141

	2
	2
	4
	
	256.6667
	0.5013

	3
	2
	6
	
	374.1667
	0.7308

	4
	2
	8
	
	501.6667
	0.9798

	5
	2
	10
	
	630.0000
	1.2305

	6
	4
	11
	
	361.6667
	1.4128

	7
	4
	12
	
	408.3333
	1.5951

	8
	4
	13
	
	460.8333
	1.8001

	9
	4
	14
	
	513.3333
	2.0052

	10
	4
	15
	
	548.3333
	2.1419

	11
	4
	16
	
	582.5000
	2.2754

	12
	4
	17
	
	646.2500
	2.5244

	13
	4
	18
	
	708.7500
	2.7686

	14
	4
	19
	
	770.0000
	3.0078

	15
	6
	20
	
	555.0000
	3.2520

	16
	6
	21
	
	599.1667
	3.5107

	17
	6
	22
	
	643.3333
	3.7695

	18
	6
	23
	
	685.0000
	4.0137

	19
	6
	24
	
	727.5000
	4.2627

	20
	6
	25
	
	758.3333
	4.4434

	21
	6
	27
	
	790.0000
	4.6289

	22
	6
	28
	
	837.7778
	4.9089

	23
	6
	29
	
	885.5556
	5.1888



MCS entries for 256QAM support
The introduction of 256QAM in the UL increases the UL peak rate of all LTE systems (FS1, FS2 and FS3) by 33%. The highest code rate using the existing TBS designed for DL 256QAM is 0.8743. This is higher than the 0.8333 code rate used in IEEE 802.11ac. 
For many use cases, the UL subframes may often be shortened for SRS transmissions or LBT periods. The available number of REs is reduced to no more than 132. For such shortened subframes, the highest code rate increases to 0.9538, which is substantially higher than the decoding threshold of 0.931.
Introducing new TBS will make UL peak rate higher than DL peak rate. 
Based on the above discussion, we do not see a strong need to introduce new TBS to further increase the UL peak rate. We propose to use existing TBS rows to support UL 256QAM. 
Proposal 3
We do not see a strong need to introduce new TBS to further increase the UL peak rate. For Rel-14 PUSCH MCS table with 256QAM support, MCS #24-28 are given in the following:
	MCS 
Index
	Modulation
Order
	TBS
Index
	
	r x 1024
	SE

	24
	8
	30
	
	700.8333
	5.4753

	25
	8
	31
	
	737.5000
	5.7617

	26
	8
	32
	
	763.7500
	5.9668

	27
	8
	33A
	
	774.7584
	6.0528

	28
	8
	33
	
	895.3333
	6.9948



If there are additional use cases to justify introduction of higher peak rate for UL 256QAM, the new design should not duplicate the extensive efforts spent in the design of the Rel-13 DL 256QAM. As further discussed in [6] and [7], design principles discussed in Proposal 1 and Proposal 2 in the above should still be followed. Existing TBS rows should be reused as much as possible for the UL 256QAM MCSs.
Proposal 4
If higher peak rate for UL 256QAM is introduced, Proposal 1 and Proposal 2 in the above should still be followed. Existing TBS rows should be reused as much as possible for the UL 256QAM MCSs. Further discussion can be found in [6] and [7].
Conclusion
Based on analysis presented in this document, we make the following observations and proposal.
· The Rel-8 PUSCH MCS table was designed by adjusting the modulation switching points of the Rel-8 PDSCH MCS table and completely reusing the TBS designed for the PDSCH.
· Extensive efforts were contributed by many companies to reach the consensus design for Rel-12 MCS table for PDSCH with 256QAM support. It is our view that duplicating such efforts should be avoided for the design of the MCS table for Rel-14 PUSCH with 256QAM support. 
· No changes should be made to the TBS indices supporting modulation orders lower than 256QAM.
· The introduction of 256QAM in the UL increases the UL peak rate of all LTE systems (FS1, FS2 and FS3) by 33%. The highest code rate using the existing TBS already exceeds code rates used in other technologies.
· For many use cases, the UL subframes may often be shortened for SRS transmissions or LBT periods. The available number of REs is reduced to no more than 132. The highest code rate increases to 0.953.
· Introducing new TBS will make UL peak rate higher than DL peak rate. 

Proposal 1
For Rel-14 PUSCH MCS table with 256QAM support, 5 MCS entries are used for UL 256QAM.
Proposal 2
For Rel-14 PUSCH MCS table with 256QAM support, MCS #0-23 are given in the following:
	MCS 
Index
	Modulation
Order
	TBS
Index
	
	r x 1024
	SE

	0
	2
	0
	
	100.0000
	0.1953

	1
	2
	2
	
	160.8333
	0.3141

	2
	2
	4
	
	256.6667
	0.5013

	3
	2
	6
	
	374.1667
	0.7308

	4
	2
	8
	
	501.6667
	0.9798

	5
	2
	10
	
	630.0000
	1.2305

	6
	4
	11
	
	361.6667
	1.4128

	7
	4
	12
	
	408.3333
	1.5951

	8
	4
	13
	
	460.8333
	1.8001

	9
	4
	14
	
	513.3333
	2.0052

	10
	4
	15
	
	548.3333
	2.1419

	11
	4
	16
	
	582.5000
	2.2754

	12
	4
	17
	
	646.2500
	2.5244

	13
	4
	18
	
	708.7500
	2.7686

	14
	4
	19
	
	770.0000
	3.0078

	15
	6
	20
	
	555.0000
	3.2520

	16
	6
	21
	
	599.1667
	3.5107

	17
	6
	22
	
	643.3333
	3.7695

	18
	6
	23
	
	685.0000
	4.0137

	19
	6
	24
	
	727.5000
	4.2627

	20
	6
	25
	
	758.3333
	4.4434

	21
	6
	27
	
	790.0000
	4.6289

	22
	6
	28
	
	837.7778
	4.9089

	23
	6
	29
	
	885.5556
	5.1888


Proposal 3
We do not see a strong need to introduce new TBS to further increase the UL peak rate. For Rel-14 PUSCH MCS table with 256QAM support, MCS #24-28 are given in the following:
	MCS 
Index
	Modulation
Order
	TBS
Index
	
	r x 1024
	SE

	24
	8
	30
	
	700.8333
	5.4753

	25
	8
	31
	
	737.5000
	5.7617

	26
	8
	32
	
	763.7500
	5.9668

	27
	8
	33A
	
	774.7584
	6.0528

	28
	8
	33
	
	895.3333
	6.9948


Proposal 4
If higher peak rate for UL 256QAM is introduced, Proposal 1 and Proposal 2 in the above should still be followed. Existing TBS rows should be reused as much as possible for the UL 256QAM MCSs. Further discussion can be found in [6] and [7].
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