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1 Introduction
In RAN#58 meeting, physical layer aspects of small cell enhancements for E-UTRA and E-UTRAN was approved as Rel’12 RAN1 study item [1]. According to [1], RAN1 should study following topics: 
· Define the channel characteristics of the small cell deployments and the UE mobility scenarios identified in TR36.932, as well as the corresponding evaluation methodology and metrics. 

· Study potential enhancements to improve the spectrum efficiency, i.e. achievable user throughput in typical coverage situations and with typical terminal configurations, for small cell deployments, including

· Introduction of a higher order modulation scheme (e.g. 256 QAM) for the downlink.

· Enhancements and overhead reduction for UE-specific reference signals and control signaling to better match the scheduling and feedback in time and/or frequency to the channel characteristics of small cells with low UE mobility, in downlink and uplink based on existing channels and signals. 

· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes 

· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.

· Mechanisms for efficient discovery of small cells and their configuration. 

· Physical layer study and evaluation for small cell enhancement higher-layer aspects, in particular concerning the benefits of mobility enhancements and dual connectivity to macro and small cell layers and for which scenarios such enhancements are feasible and beneficial.
In this contribution, we discuss specification impact by introduction of 256QAM in downlink.
2 Specification impact
2.1 MCS signalling in DCI format

Current specification supports QPSK, 16QAM, and 64QAM in downlink. The MCS index is represented by 5 bits per codeword in downlink DCI formats. Hence, we need to make specification on signalling of 256QAM in downlink DCI formats. There may be two options to indicate 256QAM in downlink DCI formats:

· Option 1: Reuse MCS field (5 bits) in DCI to indicate 256QAM

· Option 2: Introduce additional bit in MCS field (e.g., 6 bits) in DCI to indicate 256QAM
In option 1, one simple possibility is to define a new modulation table used for 256QAM supported UEs to map several MCS indices (IMCS) to 256QAM. It is desirable for MCS indices of 256QAM to fully cover the operating SINR range of 256QAM.
In option 2, additional mapping between additional MCS indices and 256QAM modulations can be added to the current specification. With additional bit in DCI, it will decrease the coding rate of PDCCH/EPDCCH, and thus the PDCCH/EPDCCH performance will be degraded. Even one additional bit in MCS signalling generates 32 additional indices for 256QAM signalling. Then, it may use resource inefficiently because there may be too many reserved indices after allocating indices for 256QAM. 
2.2 Mapping of MCS index to TBS index

According to current specification, MCS index is mapped to TBS index to determine the transport block (TB) size. Additional entries should be considered to support 256QAM. Though the final mapping table needs further discussions, there are a few design considerations. Firstly, if we apply the same design principle in Rel’8, more than one IMCS can be mapped to the same TBS index when a modulation scheme transition 64QAM to 256QAM would be happened. In addition, one additional TBS index should be reserved to indicate 256QAM in case of HARQ retransmission. New TBS indices (e.g., ITBS > 26) may be required to indicate new TB sizes by introduction of 256QAM in downlink. Therefore, a new mapping table between IMCS and ITBS is required to support 256QAM in downlink.
2.3 TB size table
It is very straightforward to define new TB sizes to support 256QAM in downlink. It is desirable to adopt similar design principle [2][3][4] as in Rel’10 as much as possible. It is clear that introduction of 256QAM gives impact on the peak rate in downlink transmission. For example, when we assume that 4 transmit antennas and 1 OFDM symbol for PDCCH in the system bandwidth of 100 RB, the maximum TB size for single layer transmission should be less than 101184 bits given the maximum coding rate of 0.93. Then, we can achieve 100 Mbps of peak rate for single layer transmission.
2.4 CQI table

According to current specification, CQI index is represented by 4 bits. Similar to discussion in MCS signalling in section 2.1, there may be two options to indicate 256QAM in CQI table:
· Option 1: Reuse 4 bits CQI index to indicate 256QAM in CQI table

· Option 2: Use 5 bits CQI index with one additional bit to indicate 256QAM in CQI table
In option 1, several CQI indices in CQI table should be replaced with CQI indices for 256QAM for 256QAM supported UEs. Similar to the discussion in section 2.1, it is desirable that CQI indices for 256QAM should cover the operating SINR range of 256QAM. 

In option 2, new CQI indices in CQI table may be added to that of current specification. Assuming periodic CSI reporting using PUCCH, decoding performance will be degraded due to coding rate increase by 5 bit CQI representation. According to current specification, there is a limit of payload size (maximum 11 bits) per reporting instance in periodic CSI reporting using PUCCH. If one additional bit is used for CQI table, payload size of a PUCCH reporting type may exceed the limit in a PUCCH reporting mode. Thus enhancement on CSI reporting mechanism would be needed.
2.5 Indication of 256QAM use
As described in previous sections, some modification in downlink DCI formats and CQI table may be required to support 256QAM in downlink. It is required to indicate the use of 256QAM to an UE with 256QAM capability to remove the ambiguity on MCS signalling and CQI reporting.

3 Conclusions

In this contribution, we discussed the specification impact by introduction of 256QAM support in downlink. Further study is necessary with consideration of system performance and specification impacts on the following points. 
· MCS signalling in DCI formats
· New mapping of MCS index to TBS index
· New TB size table

· CQI table
· Indication of 256QAM use
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