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1 Introduction
In previous RAN1 meeting, it was approved that DL higher order modulation (i.e. 256QAM) is beneficial in evaluated indoor sparse small cell scenarios with low mobility. In RAN#62, new work item for small cell enhancements - physical layer aspects was approved [1]. It was agreed that higher order modulation should be introduced:
· 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.
In this contribution, we provide our analysis on specification impact of higher order modulation. 
2 Discussion
To support 256QAM in Rel-12, it is necessary to consider the impact to current MCS/CQI/TBS tables. It was agreed that the existing size of CQI feedback field and MCS indication should be kept. Hence, there is no need to define new DCI format and CSI reporting. However, new interpretation of the MCS/CQI table contents is still required.
MCS table design
In current specification, a 5-bit MCS table including 32 entries was defined for the purpose of MCS indication. If 256QAM is employed, new MCS levels should be defined to support higher spectral efficiencies. With the agreement that the existing size of MCS indication should be kept, the candidate options for defining a new MCS table can be:

Option1: Replacing some existing entries by the ones for 256QAM
A possible method is that some existing entries for QPSK are removed and the resulting open entries are used for 256QAM. This may be an acceptable approach since UEs configured with 256QAM shall likely experience very good channel conditions. However, reconfiguration of the MCS table may be needed for the UEs supporting 256QAM when channel condition changes. To handle this situation, at least one entry for QPSK should be kept to ensure the robustness at low SNR.

Option2: Defining a completely new table for 256 QAM
With this option, the SNR range is extended with sparser SNR sampling between different MCS levels. A disadvantage is less flexibility in selecting the MCS levels, since the SNR granularity between different MCS levels is increased. Another disadvantage is that more specification work is need, since a new MCS table and correspondingly new CQI table and TBS table are needed.
Proposal 1: Replacing some existing entries by the ones for 256QAM in MCS table is preferred.
CQI table design
CQI table defines the CQI information needed for scheduling. By introducing 256QAM, new CQI indices should be defined to cover a higher SINR range. As the design of MCS table is closely coupled with the design of CQI table, the same design principle should be applied. The options on how to create the new MCS table should be reused for creating the new CQI table. 
Proposal 2: The same design principle should be applied in designing the CQI table and the MCS table.
TBS table design
It is clear that the introduction of 256QAM impacts the peak data rate in downlink transmission. Hence, new TB sizes need to be defined to support 256QAM in downlink. If option 1 in MCS table design is adopted, new TBS indices (e.g., ITBS > 26) may be introduced to indicate larger TB sizes and the mapping between MCS index and TBS index for 256QAM can be defined. Otherwise, if option 2 in MCS table design is adopted, a totally new TBS table should be defined with the existing design principle as in Rel-8.
In addition to MCS/CQI/TBS table design, the supported transmission modes for 256QAM should be considered. Whether to enhance the DL power allocation method and to introduce new UE category should also be considered. The details are discussed in the following:
Transmission modes
In our previous simulation [2], the following observations are made:
· For 256QAM with four spatial layers and DMRS based transmission, the spectral efficiency gain of 256QAM at high SNR region is approximately 8%~17% for different EVM values. 
· For 256QAM with two spatial layers and CRS based transmission, the spectral efficiency gain of 256QAM at high SNR region is approximately 5%~17% for different EVM values. 
· For 256QAM with one spatial layer and CRS based transmission, the spectral efficiency gain of 256QAM at high SNR region is approximately 25%~33% for different EVM values. 
It was observed that both four spatial layers transmission and CRS based transmission can benefit from 256QAM. Hence, it is recommended that four spatial layers transmission is supported for 256QAM, and both DMRS and CRS based transmission schemes should be supported for 256QAM.

Proposal 3: At least up to four spatial layers transmission should be supported for 256QAM.
Proposal 4: Both DMRS and CRS based transmission schemes should be supported for 256QAM.
Downlink power allocation
For the downlink power allocation, power boosting for reference signal could enhance the channel estimation accuracy. Hence, if higher order modulation is used, it is reasonable to check whether power boosting for UE-specific RS is needed. In addition, if CRS based transmission scheme is supported for 256QAM, it is necessary to check whether the current range of CRS power boosting is sufficient.
UE category

When 256QAM is used, the peak spectral efficiency is increased, and larger TB size is introduced. In other words, the number of DL-SCH transport block bits received within a TTI is increased. Hence introducing new UE category should be considered. The new UE category is dependent on the maximum number of transmission layers supported for 256QAM. Furthermore, other features (e.g. carrier aggregation) that may impact the UE category definition shall be considered together with 256QAM in Rel-12.
Proposal 5: Whether to enhance the DL power allocation for 256QAM and how to define new UE category should be further considered.
3 Conclusions

In this contribution, specification impacts to support 256QAM are analyzed, and the followings are proposed:

Proposal 1: Replacing some existing entries by the ones for 256QAM in MCS table is preferred.
Proposal 2: The same design principle should be applied in designing the CQI table and the MCS table.
Proposal 3: At least up to four spatial layers transmission should be supported for 256QAM.
Proposal 4: Both DMRS and CRS based transmission schemes should be supported for 256QAM.
Proposal 5: Whether to enhance the DL power allocation for 256QAM and how to define new UE category should be further considered.
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