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1 Introduction
In RAN#62 meeting, a new work item on physical layer aspects of small cell enhancements for E-UTRA and E-UTRAN was approved [1]. More specifically, small cell WI has the following scope for introducing 256QAM. 
· Spectrum efficiency enhancement with introduction of higher order modulation, i.e., 256QAM, in the downlink transmission, while keeping existing size of CQI feedback field and MCS indication.
Since 256QAM is a new feature, it is expected that a UE will be configured with 256QAM if the UE and the network both can support 256QAM rather than assuming 256QAM is used all the time. This contribution discusses overall procedures to configure 256QAM in various scenarios and design considerations for 256QAM support. 

2 Configuration of 256QAM

As per WID, CQI feedback field and MCS indication size may not change to support 256QAM. Since operating SINR range for 256QAM is higher than currently specified SINR range in CQI/MCS table, to reflect 256QAM entries, a least a few entries from previous SINR range could be removed. Thus, performance degradation in those SINR ranges where corresponding CQI or MCS values are not available is expected. As a result, depending on experienced SINR range of a UE, the performance of using 256QAM table may cause worse performance than that with legacy table if the UE operates in those replaced SINR ranges. Since 256QAM can be achieved with relatively good SINR such as 20dB and above, it is desirable to configure 256QAM to only UEs which can achieve those good SINR conditions. This would require RRC reconfiguration and RRC ambiguity during reconfiguration needs to be addressed.  

As the configuration of 256QAM requires switching of MCS/CQI/TBS tables from legacy tables to 256QAM-enabled ones, to avoid ambiguity during RRC reconfiguration, fall-back operation should be used. For the fall-back operation, it is reasonable to assume that DCI 1A will be scheduled based on legacy MCS/TBS tables. In other words, regardless of 256QAM configuration, DCI 1A should be interpreted using legacy MCS/TBS tables. For CQI table, a network may ignore CQI feedbacks reported during RRC reconfiguration (when 256QAM is configured or de-configured) to avoid ambiguity. If CQI feedbacks are ignored during RRC reconfiguration, user throughput may be degraded, particularly, when RRC reconfiguration takes a long time. Therefore, it would not be desirable to frequently reconfigure the use of 256QAM. 
Proposal 1. DCI 1A should be interpreted using legacy MCS/TBS tables regardless of the use of 256QAM. 
In terms of 256QAM support, some deployment scenarios should be also considered such as CA or CoMP. In CA scenario, it is reasonable to configure 256QAM independently for each carrier as the UE capability of 256QAM can be band-specific and eNB capability to support 256QAM can be different per carrier. Considering CoMP scenario, it is also not straightforward to assume that supportability of 256QAM is the same among all transmission points. Particularly, if macro cell and small cell perform CoMP operation, macro cell may not support 256QAM whereas small cell supports 256QAM operation. Thus, separate configuration of 256QAM per TP or non-zero power CSI-RS resource should be supported if 256QAM operation is supported in CoMP scenario.  If this is applied, which table is used to interpret MCS field of DCI and calculate TBS can be determined by PQI where each entry in PQI table may contain the configurability of 256QAM. 

Once a UE is configured with 256QAM downlink, the UE can assume that MCS and TBS will be interpreted using 256QAM tables except for DCI 1A/1C. When a UE is configured with TM1 – TM9, it is natural to use 256QAM-enabled CQI table for CQI feedback when 256QAM is configured. In other words, tables for downlink and CQI feedback can be configured all together. However, when a UE is configured with TM10, independent configuration of CQI table can be considered where 256QAM-enabled table based feedback may be configured separately per CSI process. 
Proposal 2. Separate configuration of 256QAM per carrier, per transmission point or per non-zero power CSI-RS resource, and per CSI process should be considered. 

3 CQI feedback enhancements

As shown in our companion contribution [2], in a small cell scenario 2B with FTP model 1, a UE experiences high SINR tends to remain in high SINR range during active data transmission duration. However, due to mobility and environment changes, still fluctuating SINR conditions can be expected. For downlink data transmission, this can be addressed by scheduling data using DCI 1A which uses legacy table regardless of 256QAM configuration. On the other hand, once configured with 256QAM-enabled CQI table, CQI feedback on those not covered by 256QAM-enabled table would not be feasible. This may lead slight performance degradation when the UE operates in those SINR regions. Thus, some enhancements of CQI feedbacks can be considered. For example, CQI feedback reporting using two tables can be interleaved per higher layer configuration, e.g., a UE can report CQI using legacy table once in every m CQI reports even if the UE is configured with 256QAM for CQI feedback. Or, it can be considered to allow aperiodic CSI request to be tied with either table so that a network may configure aperiodic CSI request with legacy CQI table to obtain better CQI in SINR ranges not covered by 256QAM-enabled CQI table. 
Proposal 3. CQI feedback enhancement should be further considered for better CQI feedback. 
4 Conclusions

This contribution briefly reviews various deployment scenarios and configuration when 256QAM is introduced. Further, it discusses RRC reconfiguration handling and CQI enhancement possibilities. We propose the followings.
· Proposal 1. DCI 1A should be interpreted using legacy MCS/TBS tables regardless of the use of 256QAM. 
· Proposal 2. Separate configuration of 256QAM per carrier, per transmission point or per non-zero power CSI-RS resource, and per CSI process should be considered. 

· Proposal 3. CQI feedback enhancement should be further considered for better CQI feedback
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