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1 Introduction
In RAN1#76bis meeting, several agreements for DL higher order modulation (i.e. 256QAM) were approved. However, there are still some FFS issues and working assumptions to be discussed as following:

· Working assumption: down-sample low CQI entries by removing 3 QPSK entries, and add 3 new entries for 256QAM region

· Revisit if problems if significant issues are found

· The 3 entries to be removed are either {#1, #3, #5} or {#2, #4, #6} 

· The last 4 entries will be for 256QAM, but the actual SE is FFS

· Working assumption: 4 implicit entries (for QPSK, 16/64/256QAM re-transmissions) in MCS Table

· FFS the WF on MCS indexing for 256QAM Modulation and TBS index table
· FFS whether or not 256QAM is supported for PMCH transmissions
· FFS whether the use of 256QAM CQI table should be configured for each measurement subframe set
· FFS whether CQI table should be CSI process dependent and whether MCS table should be PQI dependent in TM 10
· FFS on 256QAM UE category handling
In this contribution, we provide our further analysis on the remaining issues to support 256QAM in Rel-12.
2 Discussion
CQI table design
For CQI table design, the working assumption is that down-sample low CQI entries by removing 3 QPSK entries, and add 3 new entries for 256QAM region. To support 256QAM, the maximum spectral efficiency can be increased to 5.5547×8/6 = 7.4063. The maximum spectral efficiency supported in the existing CQI table is 5.5547. Hence, three new CQI entries seem reasonable to be introduced for 256QAM, with equal step size in spectral efficiency (e.g., 6.1719, 6.7891 and 7.4063), which also keeps a reasonable linear granularity across the SINR range. Considering the CQI entries to be removed, the 3 entries to be removed can be {#1, #3, #5}, since CQI index #2 corresponding to the lowest MCS index should be reserved. 

Proposal 1: Working assumptions for CQI table design with down-sample low CQI entries by removing 3 QPSK entries, and add 3 new entries for 256QAM region can be confirmed.
 Proposal 2: The 3 CQI entries to be removed should be {#1, #3, #5}.
Proposal 3:  The actual SE for the last 4 256QAM entries should be 5.5547, 6.1719, 6.7891 and 7.4063.
Reserved MCS entries for retransmission
There are 3 reserved entries for retransmission in existing MCS table, which correspond to three different modulation orders. With 256QAM introduced, the working assumption is that four modulation orders can be used in adaptive retransmission procedure. Although in our view it is unlikely to use 256QAM for 1st transmission and QPSK for the retransmission (or vice versa), the specification could be cleaner if 4 implicit retransmission entries are adopted. 
Proposal 4: Working assumption with 4 implicit entries (for QPSK, 16/64/256QAM retransmissions) in MCS Table can be confirmed. 
MCS indexing
Two options are considered for the order of MCS indices as following:
· Option 1: For 256QAM Modulation and TBS index table keep the MCS indices the same for the entries, which are preserved from Rel-8 Modulation and TBS index table
· Option 2: For 256QAM Modulation and TBS index table, the MCS indices are ordered based on spectral efficiency 
For option 1, only the MCS indices with same definition in new and existing tables are used during the RRC reconfiguration period, which avoids the RRC reconfiguration ambiguity issue. Therefore with option 1, high rank transmission can be used during RRC reconfiguration period, which can improve the spectrum efficiency.  Considering the agreement that DCI format 1A and DCI format 1C are associated with the legacy MCS table, DCI format 1A shall be used for PDSCH scheduling during RRC reconfiguration, if option 2 is adopted. The drawback is that only rank 1 transmission can be used. However, it can be argued that the performance difference is marginal assuming RRC reconfiguration is not frequent. Therefore, in our view, either option 1 or option 2 can be considered.
PMCH transmission

Since 256QAM is not supported by legacy UEs and is a UE capability for Rel-12, it is not reasonable to use 256QAM for PMCH transmission, which may be received by different types of UEs. Hence, 256QAM should be not supported for PMCH transmission.

Proposal 5: 256QAM should be not supported for PMCH transmission.
eICIC and eIMTA scenario

Both eICIC and eIMTA operations require the configuration of measurement subframe set. In Rel-10/11 eICIC scenario, macro cells and pico cells are co-channel, which corresponding to small cell scenario 1a. It is a de-prioritized scenario in the study item and the applicability and benefit of using 256QAM in this scenario is not clear. In Rel-12 eIMTA scenario, it is likely that both subframe sets (fixed and flexible) can use 256QAM, as the SINR shown in figure 1 which assumes full buffer traffic. It should be noted the SINR should be better if typical eIMTA scenario i.e. low to medium traffic load, is considered Hence, it is not necessary to configure two subframe sets with different CQI table in both scenarios.
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Figure 1: DL geometry for eIMTA scenario
Proposal 6: The use of 256QAM CQI should be common for all measurement subframe sets.
CoMP scenario

CoMP operation is beneficial and configured only for UEs whose received RSPR for multiple cells/transmission points are within a threshold. The threshold is typically around 10dB or even smaller according to COMP evaluations. UEs having a very strong serving cell compared to other cells (RSRP gap larger than the threshold) may not get benefit from CoMP. Therefore it is not likely in practice that SINR range experienced by CoMP UEs can achieve the requirement of 256QAM (i.e. higher than 20~30dB). It is not likely to use 256QAM for the CoMP UEs.  

Proposal 7: CQI table should be common for all CSI processes and MCS table should be common for all PQI states.
UE category

When 256QAM is used, the peak spectral efficiency is increased and larger TB size is introduced. In other words, both the maximum number of DL-SCH transport block bits received within a TTI and the maximum number of bits of a DL-SCH transport block received within a TTI are increased. For a UE supporting 256QAM, introducing new UE category should be considered to achieve the maximum data rate. The specific physical layer parameter values of new UE categories should be determined for different target application scenarios. Meanwhile, a UE reporting the new 256QAM category should also report one existing UE capability to maintain backward compatibility, in case a legacy eNB does not support the new categories.
In addition, the legacy UE category can also be used to support 256QAM. A UE capability bit independent of UE category can be reported to the eNB, indicating whether 256QAM is supported by the UE. Without changing the UE category, the maximum data rate cannot be achieved for a legacy UE category supporting 256QAM. However, higher spectrum efficiency can be achieved from the system perspective.
Proposal 8: New UE category should be introduced to achieve the maximum data rate for 256QAM.
Proposal 9: The legacy UE category can also be used to support 256QAM with reporting a capability bit independent of UE category to the eNB.
3 Conclusions

In this contribution, the remaining issues of supporting 256QAM in Rel-12 are discussed, with the following proposals:

Proposal 1: Working assumptions for CQI table design with down-sample low CQI entries by removing 3 QPSK entries, and add 3 new entries for 256QAM region can be confirmed.

 Proposal 2: The 3 CQI entries to be removed should be {#1, #3, #5}.

Proposal 3:  The actual SE for the last 4 256QAM entries should be 5.5547, 6.1719, 6.7891 and 7.4063.

Proposal 4: Working assumption with 4 implicit entries (for QPSK, 16/64/256QAM retransmissions) in MCS Table can be confirmed. 
Proposal 5: 256QAM should be not supported for PMCH transmission.

Proposal 6: The use of 256QAM CQI should be common for all measurement subframe sets.
Proposal 7: CQI table should be common for all CSI processes and MCS table should be common for all PQI states.
Proposal 8: New UE category should be introduced to achieve the maximum data rate for 256QAM.

Proposal 9: The legacy UE category can also be used to support 256QAM with reporting a capability bit independent of UE category to the eNB.
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