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1
Introduction
In [1], a new WI was approved which focuses in the first phase on the 256QAM PUSCH support for LTE Rel. 14. The related objectives there read as:

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 signalling to support 256QAM in UL [RAN1]

· Define applicable RRC signalling, UE capability and potential new UE categories [RAN2, RAN1]

· Introduce RF requirements for single carrier and for carrier aggregation on both licensed and unlicensed spectrum [RAN4]

In this contribution, we discuss the 256QAM UL MCS table design and 256QAM PUSCH operation. The related UE capability signalling and new UE categories are discussed in our companion contribution [2]. 
2
Review of Rel-12 256QAM DL MCS table design
During Rel-12, 256QAM PDSCH operation has been introduced and a similar exercise of designing a new 256QAM MCS table has taken place. As PUSCH and PDSCH use the same TBS tables and the similar operation is intended, clearly some principles of the 256QAM PDSCH table design could be reused also for the Rel-14 design for PUSCH.

In order to make space for the new 256QAM PDSCH MCS entries, the following baseline principles were used in Rel-12 to remove entries of the Rel. 8 legacy (i.e. ‘64QAM’) PDSCH MCS table:
1. Removal of overlapping entries with the same spectral efficiency / I_TBS 

2. Reduced the granularity for low MCS/spectral efficiencies by removing every second low level MCS entry

3. Removal of the highest 64QAM MCS (i.e. I_TBS=26) 

With this procedure, the 64QAM PDSCH MCS table had been pruned in order to make some space for the inclusion of the new TBS entries 27-31 all using 256QAM modulation. In general, we see that the same design principles could be equally applied also to the 256QAM PUSCH MCS table as the overall design goals such as higher spectral efficiencies & peak data rate by still keeping some low MCS entries are equally applicable. 

Therefore, we propose: 

Proposal 1: The Rel-12 256QAM DL MCS design principles should be reused for the 256QAM UL design as much as possible. 
3
256QAM UL MCS design details
In the spirit of reusing the Rel-12 256QAM DL MCS design principles also for PUSCH, let’s first look on how many existing entries need to be removed from the legacy table in order to make space for new entries. We suggest to add the same additional higher spectral efficiency 256QAM MCS entries with I_TBS=27-33 as for DL in order to boost the spectral efficiency, which means that 7 existing entries need to be removed. Clearly, the MCS entries enabling retransmission with a different RV (MCS 29-31) need to be retained. 
According to the DL principles, two existing entries can be saved by removing one of each overlapping spectral efficiencies (same TBS with different modulation, shown in Table 1 below in blue). As for PDSCH, we suggest to remove the highest currently available MCS (with I_TBS 26, marked with red). As in DL direction, keeping at least some low spectral efficiency MCS will be needed but the granularity could be equally reduced. For PUSCH, 4 additional values will need to be pruned and we suggest to remove every second low MCS entry starting from I_TBS 1 (marked in magenta) according to the Rel-12 DL design principle. These all are marked with the respective colours in the legacy PUSCH MCS table shown below in Table 1. 
Table 8.6.1-1: Modulation, TBS index and redundancy version table for PUSCH

	MCS Index
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	Redundancy Version
rvidx

	0
	2
	0
	0

	1
	2
	1
	0

	2
	2
	2
	0

	3
	2
	3
	0

	4
	2
	4
	0

	5
	2
	5
	0

	6
	2
	6
	0

	7
	2
	7
	0

	8
	2
	8
	0

	9
	2
	9
	0

	10
	2
	10
	0

	11
	4
	10
	0

	12
	4
	11
	0

	13
	4
	12
	0

	14
	4
	13
	0

	15
	4
	14
	0

	16
	4
	15
	0

	17
	4
	16
	0

	18
	4
	17
	0

	19
	4
	18
	0

	20
	4
	19
	0

	21
	6
	19
	0

	22
	6
	20
	0

	23
	6
	21
	0

	24
	6
	22
	0

	25
	6
	23
	0

	26
	6
	24
	0

	27
	6
	25
	0

	28
	6
	26
	0

	29
	reserved
	1

	30
	
	2

	31
	
	3


Table 1: Current MCS table with colour marking of entries for pruning 
(red & yellow indicate removal, for blue one of the two respective entries to be removed)

Now what still remains is the selection of the entries with the same spectral efficiencies to keep and which to prune. We evaluated the performance of MCS10&11 (with I_TBS=10) as well as MCS20&21 (with I_TBS=19) by means of link level simulations as shown in Figure 1.
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Figure 1: Link level performance for MCS10/11 as well as MCS20/21
(1x2 EPA channel, 3km/h, 2 GHz, 10PRB PUSCH allocation)

As can be seen from Figure 1, the lower modulations slightly outperform the higher order modulations for the two considered I_TBS values. Therefore, from performance point of view MCS11 and MCS21 should be removed. 

Therefore, reusing the PDSCH 256QAM DL design principles and having investigated the correct removal of overlapping spectral efficiency entries, the proposed 256QAM MCS PUSCH table would look as show in Table 2, where the new entries are marked with red font.

Summarizing our proposed new 256QAM PUSCH MCS Table of Table 2 in text form, we suggest:

Proposal 2: Adopt the 256QAM UL MCS table according to the following design (shown in Table 2):

· Remove MCS 1, 3, 5 and 7 in order to reduce the granularity for low(est) spectral efficiencies

· Remove the overlapping spectral efficiency entries of MCS11 and MCS21

· Remove the highest existing 64QAM MCS, i.e. MCS 28

· Add seven new 256QAM MCS with I_TBS=27 to 33
Table 8.6.1-1A: Modulation, TBS index and redundancy version table 2 for PUSCH

	MCS Index
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	Redundancy Version
rvidx

	0
	2
	0
	0

	1
	2
	2
	0

	2
	2
	4
	0

	3
	2
	6
	0

	4
	2
	8
	0

	5
	2
	9
	0

	6
	2
	10
	0

	7
	4
	11
	0

	8
	4
	12
	0

	9
	4
	13
	0

	10
	4
	14
	0

	11
	4
	15
	0

	12
	4
	16
	0

	13
	4
	17
	0

	14
	4
	18
	0

	15
	4
	19
	0

	16
	6
	20
	0

	17
	6
	21
	0

	18
	6
	22
	0

	19
	6
	23
	0

	20
	6
	24
	0

	21
	6
	25
	0

	22
	8
	27
	0

	23
	8
	28
	0

	24
	8
	29
	0

	25
	8
	30
	0

	26
	8
	31
	0

	27
	8
	32
	0

	28
	8
	33
	0

	29
	reserved
	1

	30
	
	2

	31
	
	3


Table 2:   Proposed 256QAM PUSCH MCS table
4
Summary and Conclusions
In this contribution we discuss the 256QAM PUSCCH MCS table design by taking the learnings from the Rel-12 256QAM PDSCH operation introduction into account. We suggest to reuse the PDSCH 256QAM MCS table design principles by noting:

Proposal 1: The Rel-12 256QAM DL MCS design principles should be reused for the 256QAM UL design as much as possible. 
Our suggested 256QAM PUSCH MCS table shown in Table 2 can be summarized by the following 256QAM PUSCH MCS design proposal: 

 Proposal 2: Adopt the 256QAM UL MCS table according to the following design (shown in Table 2):

· Remove MCS 1, 3, 5 and 7 in order to reduce the granularity for low(est) spectral efficiencies

· Remove the overlapping spectral efficiency entries of MCS11 and MCS21

· Remove the highest existing 64QAM MCS, i.e. MCS 28

· Add seven new 256QAM MCS with I_TBS=27 to 33
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