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1. Introduction
In RAN1#76 meeting, the following progresses are achieved on higher order modulation [1] (see appendix). In this contribution, we provide our analysis on the configuration of 256QAM and some MCS table design principles for 256QAM.
2. Configuration of 256QAM
It has been shown that 256QAM is beneficial in the evaluated indoor sparse small cell scenarios with low mobility, in which a considerable portion of users experience relatively good SINR such as 20dB and above. 
According to the agreement, a new design 256QAM CQI/MCS table could support SE in the entire range from X1 bps/Hz to X2 bps/Hz. In order to cover a larger SINR range, it is expect that X1 could be close to the lowest SE in Rel-8 CQI table and X2 should be higher than the highest SE in Rel-8 CQI table [2].  
There is no need to configure the use of 256QAM dynamically. One straightforward way to configure the use of 256QAM is using RRC high layer signalling. Since 256QAM enabled UE maybe experience good SINR and low mobility. It has no urgent reason for such UE to enable/disable 256QAM very fast.
Proposal 1: Use RRC signalling to switch between the legacy and 256QAM MCS/CQI tables.
CQI table ambiguity during RRC reconfiguration
However, RRC ambiguity during reconfiguration exists and needs to be addressed, since eNB may not know the exact time when UE applies the RRC reconfiguration signaling [3]. In RAN1#76 meeting, there are two options for the positions of the CQI entries in the Rel-12 CQI table:

· Option1: order the CQI indices according to the spectral efficiencies
· Option2: keep the CQI indices the same for the common CQIs between Rel-8 and Rel-12 CQI table
Option 2 provides a method to solve CQI table ambiguity during RRC reconfiguration [3], in which the lower legacy CQI entries are replaced by the ones for 256QAM and the remaining CQI indices can be kept the same between the legacy and 256QAM-enabled CQI tables. From specification impact perspective, option 2 may needs to reconsider mapping differential CQI value to offset level (Table 7.2-2 in TS36.213). Considering that the duration of ambiguity is about in the order of 10ms and reconfiguration of CQI table would not occur frequently, the impact of CQI table ambiguity to the system performance may be not so serious and eNB can use conservative MCS to alleviate the impact of CQI table ambiguity.

Proposal 2: order the CQI indices according to the spectral efficiencies (option 1).
MCS table ambiguity during RRC reconfiguration
Two schemes can be used to avoid the MCS table ambiguity during RRC reconfiguration:
· Scheme 1: DCI format 1A can be used to avoid the MCS ambiguity if DCI format 1A only support legacy MCS table.
· Scheme 2: Keep the MCS indices the same for the common MCSs between Rel-8 and Rel-12 MCS table.
Both scheme 1 and scheme 2 can resolve the MCS table ambiguity issue. Considering that it is not necessary to apply 256QAM to such UEs in fallback mode, DCI format 1A could only support legacy MCS table, and scheme 1 is a straightforward way to avoid the MCS ambiguity. Considering that the duration of ambiguity is about in the order of 10ms and reconfiguration of MCS table would not occur frequently, the impact on system performance of fallback to DCI format 1A could be ignored. In addition, scheme 1 keeps the MCS table consistent with the CQI table if option 1 above is adopted in CQI table design. Therefore, scheme 1 is preferred if the impact of MCS table ambiguity can not be neglected.
Proposal 3: DCI format 1A only support legacy MCS table if the impact of MCS table ambiguity can not be neglected.
3. The design of MCS table
In order to enable optimization for varying frequency selectivity of the radio channel, the legacy MCS table keeps two overlapping regions, in which the entries have the same spectral efficiency or TBS, when switching from QPSK to 16QAM and from 16QAM to 64QAM. However, there might be less need for any overlapped region when 256QAM is enabled, since the typical scenario for 256QAM is the indoor sparse small cell scenario with low mobility. The delay spread in this kind of scenario is about several hundreds of nanoseconds, which means the coherent bandwidth is in the order of several MHz. Thus two MCS entries can be released for 256QAM MCS entries without significant performance degradation.
Proposal 4: No need to keep the overlapping spectral efficiency for different modulations.
Since the legacy MCS table reserves 3 entries (29/30/31) for implicit TBS indication to enable modulation adaption for retransmission. With 256QAM introduced, one straightforward way is to extend the 3 reserved entries to 4 reserved entries. However, there might be less need for any reserved entries in the typical 256QAM application scenarios with larger coherent bandwidth. In addition, modulation adaption for retransmission can also be realized with MCS entry 0~28 instead of using entry 29/30/31. So 3 reserved entries in the legacy MCS table can be removed for 256QAM.
Proposal 5: Replace the 3 reserved entries by 256QAM MCS entries.
According to the aforementioned principles, we propose the MCS table for 256QAM in Rel-12 is as follows, considering UE implementation for legacy, two options are proposed with considering keeping the 29-31 for reserved entries or not.
Proposal 6-1:  256QAM MCS table (option 1- w/o reserved entries, Table 1)
Note that :

· MCS Index 1 for QPSK is not included in the new 256QAM MCS table

· overlapping spectral efficiency for different modulations is not kept. 

· 29-31 is no longer kept for reserved, used for 256QAM MCS indication.

· Six 256QAM MCS index can be indicated in the new table

· Order the MCS index by spectral effiency

Table 1: 256QAM MCS table (option 1- w/o reserved entries)
	MCS Index
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Proposal 6-2:  256QAM MCS table (option 2- with reserved entries, Table 2)
Table 2: 256QAM MCS table (option 2- with reserved entries)
	MCS Index
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Note that :

· MCS Index 1,3,5 for QPSK is not included in the new 256QAM MCS table

· overlapping spectral efficiency for different modulations is not kept. 

· 29-31 is still kept for reserved
· Five 256QAM MCS index can be indicated in the new table
· Order the MCS index by spectral effiency
4. Conclusion
In this contribution, the configuration of 256QAM and MCS table design principles are discussed. The proposals are summarized as follows.
Proposal 1: Use RRC signalling to switch between the legacy and 256QAM MCS/CQI tables.
Proposal 2: order the CQI indices according to the spectral efficiencies (option 1).
Proposal 3: DCI format 1A only support legacy MCS table if the impact of MCS table ambiguity can not be neglected.
Proposal 4: No need to keep the overlapping spectral efficiency for different modulations.
Proposal 5: Replace the 3 reserved entries by 256QAM MCS entries.
Proposal 6-1:  256QAM MCS table (option 1- w/o reserved entries, see Table 1)
Note that :

· MCS Index 1 for QPSK is not included in the new 256QAM MCS table

· overlapping spectral efficiency for different modulations is not kept. 

· 29-31 is no longer kept for reserved, used for 256QAM MCS indication.

· Six 256QAM MCS index can be indicated in the new table

· Order the MCS index by spectral effiency

Proposal 6-2:  256QAM MCS table (option 2- with reserved entries, see Table 2)
Note that :

· MCS Index 1,3,5 for QPSK is not included in the new 256QAM MCS table

· overlapping spectral efficiency for different modulations is not kept. 

· 29-31 is still kept for reserved
· Five 256QAM MCS index can be indicated in the new table
· Order the MCS index by spectral effiency
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Appendix – agreement from RAN1#76
Agreement:
· CQI table

· Support SE in the entire range from X1 bps/Hz to X2 bps/Hz
· Down-sample low CQI entries by removing Y1 entries, and add Y1 new entries for 256QAM region with even spacing
· Note: One company (Panasonic) express a concern that test and implied spec change is unnecessary high

· CQI  #0 to be equaled to out of range

· Switching point of 64QAM and 256QAM should be CQI Z (Z=14 or 15 in the existing table)

· FFS the positions of the CQI entries in the Rel-12 CQI table – to be decided between the following two options
· Option1: order the CQI indices according to the spectral efficiencies]
· Option2: keep the CQI indices the same for the common CQIs between Rel-8 and Rel-12 CQI table
· 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

· TBS table

· Reuse as many as possible of current TBS entries with up to around [2%] average padding aligned with Rel-10 design
· Define overhead assumption(s) (REs/PRB) for PDSCH 

· Working assumption: Use [120 REs] per PRB for all new spectral efficiencies except for the highest spectral efficiency

· FFS: Overhead assumption for the highest spectral efficiency
· The new transport block sizes introduced in the specification should follow the Rel-8 principle of QPP size alignment
· Use of 256QAM MCS/CQI table can be configured for each configured CC

· 256QAM is supported for all TMs
· Working assumption: 256QAM 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
· FFS: Use of 256QAM CQI table can configured for each CSI process
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