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1
Introduction

Details of MCS table design and signaling was discussed in RAN1 #76 and the following was agreed as an outcome:
· Modulation and TBS index table

· Definition of N (N=3 or 4) reserved entries for adaptive retransmission 

· Modulation and TBS table design should provide the support of all the VoIP TBS at least for Format 1A, FFS for Format 2x

· The need of overlapping spectral efficiency of different modulations is FFS
· FFS the position of Modulation and TBS entries in the Rel-12 Modulation and TBS table
· 256 QAM is supported for all TMs

· Working assumption: 256 QAM is supported at least for all DCI formats except for DCI format 1A and 1C, and FFS for DCI format 1A

· In TM10

· FFS: Use of 256QAM MCS table can be configured for the parameter set linked to each PQI field in DCI format 2D

In this contribution, we further discuss the details of the MCS design for downlink 256 QAM.
2
MCS supporting 256 QAM
2.1
Discussion on support of 256 QAM for DCI format 1A
There are two reasons for having DCI format 1A in all transmission modes: (i) to schedule PDSCH during RRC re-configuration (a.k.a. fallback mode), and (ii) to allow for lower code rate PDCCH transmission (due to its compact size). For these reasons, the UE is required to monitor DCI format 1A regardless of which transmission mode it is configured to. Reason (i) is especially important as there exist a time window during RRC re-configuration, where the eNB does not know whether the UE has completed the RRC re-configuration or not. 
As UEs that can benefit from 256 QAM have very good channel conditions, therefore it is very likely that the lowest CCE aggregation will be used for PDCCH. The benefits from the use of a compact DCI format (i.e. DCI format 1A) will be limited in such channel conditions.
Furthermore, eNB should able to configure the use of 256 QAM for each UE, which will be done through RRC configuration. Thus, 256 QAM should not be supported in DCI format 1A so that it can be still used as a fallback DCI.
Therefore, we propose the following.
Proposal 1: Do not support 256 QAM MCS signaling in DCI format 1A.
2.2
Support of 256 QAM in RNTIs other than C-RNTI
UE monitors the PDSCH/PDCCH configured with not only C-RNTI, but also SI-RNTI, P-RNTI, RA-RNTI, Temporary C-RNTI, and SPS C-RNTI. Obviously there are not use cases for support of 256 QAM for PDSCH configured by SI, P, RA, or Temporary C-RNTIs. SI-RNTI and P-RNTI configured data is broadcasted therefore 256 QAM is not suitable. RA-RNTI and TC-RNTI are typically used during initial acquisition thus UE may not be aware of the availability of the 256 QAM when receiving PDSCH configured with it.
SPS C-RNTI is slightly different as it is used for regular data traffic (such as VoIP). However, all SPS transmission are transmitted in either single antenna port scheme or transmit diversity. This is because it is difficult to adaptively perform link adaptation for SPS (without frequent signaling of PDCCH). Therefore, we suggest not to support 256 QAM for PDSCH configured with SPS C-RNTI.
Proposal 2: Only support use of 256 QAM with PDSCH configured with C-RNTI.
2.3
Signaling of 256QAM MCS

In order to keep the same MCS bit width as current LTE, i.e. 5 bits, there are two options available to indicate 256QAM: (i) to replace some of the entries in the current MCS table with 256 QAM entries, or (ii) have two dynamically switchable MCS tables, one identical to the legacy MCS table and the other a new MCS table optimized for higher modulations and spectral efficiencies.
Option (i) is not a viable solution because, not only would it affect the granularity of link adaptation, deletion of some entries would increase the maximum MAC padding size, which in turn would have negative impact on the overall spectral efficiency. Note that the current TBS definition was designed so that MAC padding is generally less than 4%. 
In addition, removing some QPSK or 16 QAM entries of the MCS may result in removal of TBS specifically targeted for typical MAC PDU sizes such as VoIP packet sizes.
In order to avoid such inefficiency, we should focus on option (ii).
As it was agreed to support 256 QAM for all TMs, we would need a systematic method of supporting dynamic indication between two MCS tables for all downlink DCI formats (except 1A and 1C). The simplest method is to use CRC masking to indicate which MCS table the DCI format refers to. 
For example, if the MCS field is based on legacy MCS table definition, the CRC bit field of the DCI format is not bit masked (or equivalently bit masked with all zeros). If the MCS field is based on the newly defined and optimized table for 256 QAM, the CRC bit field of the DCI format can be bit masked with 1. An example of the bit mask pattern is shown in Table 1.
Table 1. CRC bit masks for different MCS tables
	Masking bit sequence
	MCS table indication

	<0,0,0,0, 0,0,0,0, 0,0,0,0, 0,0,0,0>
	MCS field(s) are based on the legacy MCS table

	<0,0,0,0, 0,0,0,0, 0,0,0,0, 0,0,0,1>
	MCS field(s) are based on the new MCS table (optimized for 256QAM)


Of course, nothing is for free and CRC bit masking can have impacts to CRC false detection probability and reduction in RNTI space. However, it should be noted that the CRC bit mask is only applied to downlink DCI formats. Furthermore, as not all UEs are expected to support 256 QAM and not all UEs will have the sufficient channel conditions to use 256 QAM, the impact to RNTI allocation by the use of CRC bit masking is expected to be minimal. The CRC false detection probability is typically most severe when the UE is in bad geometry (e.g. cell-edge), in which case the eNB can always reconfigure the UE to not use 256 QAM at all.
Proposal 3: Use CRC bit masks in the downlink DCI formats (except format 1A and 1C) to indicate the use of legacy MCS table or 256 QAM optimized MCS table.

3
Conclusions

In this contribution, we discuss design aspects of MCS for supporting downlink 256QAM. The following is our proposals:
Proposal 1: Do not support 256 QAM MCS signaling in DCI format 1A.
Proposal 2: Only support use of 256 QAM with PDSCH configured with C-RNTI.
Proposal 3: Use CRC bit masks in the downlink DCI formats (except format 1A and 1C) to indicate the use of legacy MCS table or 256 QAM optimized MCS table.

