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1 Introduction
At the RAN#71 plenary meeting, a new work item on Uplink Capacity Enhancements for LTE was approved [1]. One objective of this work item is to introduce new MCS table and signaling to support 256QAM in the uplink. In this contribution, we discuss the standardization impact for the support of 256QAM. 
2. Discussion
2.1 MCS/TBS Table 
The current MCS table for UL grant supports up to 64QAM. 3 entries (i.e., 29/30/31) are reserved for 3 redundancy versions. Each MCS index is also mapped to a TBS index for TBS determination. To support 256QAM for PUSCH, a new MCS table that covers 256QAM is required.
In LTE Rel-12, support of higher order modulation (i.e., 256QAM) has been extensively studied for PDSCH transmission. Consequently, a new MCS table introducing 8 new entries for 256QAM was specified with the following design principles:
· Keep the same size as legacy MCS table to minimize DL control overhead and specification impact.  

· Covering a full operational range of QPSK, 16QAM, 64QAM and 256QAM with reduced granularity. 

· Removing some low SINR-targetted QPSK entries in the legacy table to create space for 256QAM.  
· Retain TBS 0 to ensure same RRC and VoIP robustness as legacy. 
· Keep some QPSK entries for robust fallback operation and fine TBS granularity. 
· Removing some duplicate MCS indices with duplicate TBS indices without impact on TBS resolution. 

· 4 entries are reserved for adaptive retransmission due to 4 modulation orders. 

Note that the UL MCS table is a subset of DL MCS table. Hence, it is nature to construct a UL 256QAM MCS table based on the same principles setting out from the existing DL 256QAM MCS table. Clearly, we need to keep 3 reserved entries for RV. In addition, 8 entries for 256QAM can be  obtained by sampling with equal SINR spacing. MCSs 25 and 26 are modified to be associated with 256QAM with the same spectrum efficiency as in the legacy system and 6 additonal entries are appended to associate with new TBS indices 27-32. Table 1 proposes a new MCS Table for PUSCH with eight new 256QAM entries. 
Proposal 1: A UE configured with 256QAM can use the new MCS table shown in Table 1. 
One universal TBS table is used for DL-SCH and UL-SCH in LTE. In Rel-12, seven new TBS indices 27-33 were added to the legacy 27x110 TBS table to support DL 256QAM. The TBS table supporting DL 256QAM could be reused for UL. 
Proposal 2: The Rel-12 TBS table supporting DL 256QAM is reused for UL. 
Table 1: Proposed new Modulation, TBS index and redundancy version table for PUSCH with 256QAM
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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
	4
	10
	0

	6
	4
	11
	0

	7
	4
	12
	0

	8
	4
	13
	0

	9
	4
	14
	0

	10
	4
	15
	0

	11
	4
	16
	0

	12
	4
	17
	0

	13
	4
	18
	0

	14
	6
	19
	0

	15
	6
	20
	0

	16
	6
	21
	0

	17
	6
	22
	0

	18
	6
	23
	0

	19
	6
	24
	0

	20
	6
	25
	0

	21
	8
	26
	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


2.2 Signaling aspects
With the introduction of UL 256QAM, two MCS tables can be used for PUSCH transmission. In Rel-12, L1/L2 control signaling was specified to ensure robustness of PDSCH transmission for UE capable of 256QAM: 
· Higher layer signaling (i.e., RRC message) is used to configure on a per CC basis which MCS table (i.e., 256QAM MCS table or legacy table) the eNB uses in DCI signaling.
· 256QAM is supported for all DCI formats with C-RNTI except DCI format 1A and 1C. More specifically, DCI format 1A is associated with the legacy MCS table, which enables eNB to schedule PUSCH during the RRC reconfiguration phase. 
In principle, these signaling mechanisms can be reused to extend 256QAM support for the UL. As discussed in Rel-12, it is important to maintain a robust connection between eNB and UE during the MCS table (re)configuration phases. To achieve this target, for a UE configured with the UL 256QAM MCS table, DCI format 0 can be implicitly associated with the legacy MCS/TBS table for PUSCH transmission and DCI format 4 is associated with the 256QAM UL MCS table. 
Proposal 3: One UL MCS table is semi-statically configured through higher layers. 
Proposal 4: To ensure a robust connection between eNB and UE, DCI format 0 is associated with the legacy MCS table and DCI format 4 is associated with the UL 256QAM MCS table. 
Note that for eIMTA operation, different UL subframe sets may experience drastically different channel conditons. As a result, it may be desirable to consider the support of independent UL MCS table configurations for different subframe sets. 

Proposal 5: Consider the support of subframe set depenent MCS table for PUSCH transmission.
2.3 UE capability  
Support of 256QAM in UL should be associated with a new UE capability. It is natural to introduce a new UE capability bit to indicate whether the UE supports 256QAM in UL on each supported band, similar to handling DL 256QAM and UL 64QAM in previous releases. 
Proposal 6:  The capability for UL 256QAM support is indicated per supported band as for DL 256QAM. 
3. Conclusions
In this contribution, we discuss the standardization impact of supporting 256QAM in the UL and make the following proposals: 
Proposal 1: A UE configured with 256QAM can use the new MCS table shown in Table 1. 
Proposal 2: The Rel-12 TBS table supporting DL 256QAM is reused for UL. 

Proposal 3: One UL MCS table is semi-statically configured through higher layers. 

Proposal 4: To ensure a robust connection between eNB and UE, DCI format 0 is associated with the legacy MCS table and DCI format 4 is associated with the UL 256QAM MCS table. 
Proposal 5: Consider the support of subframe set depenent MCS table for PUSCH transmission.
Proposal 6:  The capability for UL 256QAM support is indicated per supported band as for DL 256QAM. 
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