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1. Introduction

Higher order modulation is intensively studied as a potential solution to explore the channel capacity for small cell enhancement. After the study item, the conclusions are listed in [1]:

· RAN1 finds DL higher order modulation, i.e. 256QAM is beneficial in evaluated indoor sparse small cell scenarios with low mobility

· RAN1 recommends to support DL higher order modulation, i.e. 256QAM

During the WI, the work shall be focusing on new CQI/MCS table design to support 256QAM while keeping existing size of CQI feedback field and MCS indication [2]. 

In RAN1#76 meeting, the 256QAM design principles are discussed, including the CQI table, MCS table and TBS table design principles. Moreover, the 256QAM configuration details are discussed. The agreement is shown below:

· 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
In this contribution, we will analysis the FFS issues in TM10.

2. Analysis of Configuration Details in TM 10
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Figure 1 Example of CoMP and corresponding SINR increase

It is agreed that use of 256QAM MCS/CQI table can be configured for each configured CC. In TM 10 defined to support CoMP, things can be more complicated and worth further discussion. Figure 2 shows the typical CoMP example. UE1 is considered as a cell edge UE since signals from eNB1 and eNB2 are comparable. If one eNB is muted during the data transmission to UE1, i.e., DPB scheme is employed, UE 1 can have higher SINR value. If the SINR of UE1 is high enough, applying 256QAM-based MCS will obviously improve the achievable throughput in DPB. To support the scheduling of 256QAM-based MCS, the scheduler needs accurate CQI report. Therefore the following 2 candidate methods can be employed to support CQI table configuration in TM10.
Method 1: CQI table can be configured per CSI process. In the example mentioned above, 2 CSI processes can be configured to UE1 based on same CSI-RS-resource but different IMRs, e.g., CSI process 1 for non-CoMP operation and CSI process 2 for DPB operation. Generally CSI process 2 can detect higher SINR than CSI process 1, and sometimes the value even exceeds the achievable SINR of original CQI table. In this case, configuring 256QAM based CQI table (by removing several low CQIs entries and add new 256QAM CQI entries) to CSI process 2 and original CQI table to CSI process 1 therefore can be beneficial for UE to report accurate channel estimation results.
Method 2: Same CQI table is configured for multiple CSI processes of UE. If the SINR of at least 1 CSI process exceeds achievable SINR of original CQI table, the updated CQI table can be configured. In the same example as that in method1, CSI process 2 may report the 256QAM based CQIs to network while CSI process 1 may report the CQIs inherited from original CQI table, which corresponding to lower SINR values.
Comparing the 2 methods, it can be observed that when dealing with the DPB operation where SINR in the 256 region, both methods can effectively exploit the channel capacity because they use the same higher order modulation entries. However, in case of non-CoMP operation where SINR is in low SINR region, Method 1 can enjoy better performance than Method 2. The reason is that in the newly designed CQI table, low CQI entries are down sampled, which enlarges the SINR interval between 2 consecutive CQI indices in the low SINR region. If SINR of CSI process 1 happened to be in this region, the quantization error of the feedback is increased in method 2. Although OLLA can be employed to combat the quantization error, it is a long-term mechanism and the performance is difficult to be predicted. Actually, designing new CQI table itself implies that it is worthwhile to sacrifice complexity to ensure the feedback accuracy, since using OLLA and new MCS table only is enough to support 256QAM. We think the additional RRC layer configuration complexity introduced by method 1 is less and acceptable. 
Proposal 1: Use of 256QAM CQI table can be configured for each CSI process.
Since multiple CQI tables are configured for multiple CSI processes of a TM10 UE, MCS indication interpretation mechanism certainly should be independently configured. How to interpret the MCS indication corresponding to the TB has to be dynamically signaled to UE. In Rel. 11 [3], for CoMP signaling purpose, the parameter set is defined in RRC layer and 2 bit PQI in DCI format 2D is included to indicate UE which set of parameters shall be applied (shown in Table 1). Therefore, it is reasonable that one more parameter can be added to each parameter set, to indicate UE whether original MCS table or 256QAM MCS table is employed when the corresponding PQI bits are signaled.
Table 1 PDSCH RE Mapping and Quasi-Co-Location Indicator field in DCI format 2D

	Value of 'PDSCH RE Mapping and Quasi-Co-Location Indicator' field
	Description

	'00'
	Parameter set 1 configured by higher layers

	'01'
	Parameter set 2 configured by higher layers

	'10'
	Parameter set 3 configured by higher layers

	'11'
	Parameter set 4 configured by higher layers


For example, the parameters in Parameter set 1 and Parameter set 2 are the same except the MCS table indication. The MCS table indication in Parameter set 1 will indicate UE to employ the original MCS table, while Parameter 2 means the updated one. When DPB is operated where SINR in the 256 region, eNB1 will send the PQI ‘01’ to UE 1, and UE 1 will apply the updated MCS table. As a result, this can improve the achievable throughput in DPB. In the case of non-CoMP operation where SINR is in low SINR region, UE1 will receive the PQI ‘00’ from eNB1 to apply the original MCS table.
Proposal 2: MCS-table indication shall be included in parameter sets and linked to PQI bits in DCI format 2D.
3. Conclusion
In this contribution, we analyze the configuration and signaling details to support 256QAM in case of TM 10 with multiple CSI processes. 2 methods for CQI table configuration are discussed and compared. After that the MCS table indication mechanism is proposed accordingly. We propose:
Proposal 1: Use of 256QAM CQI table can be configured for each CSI process.
Proposal 2: MCS-table indication shall be included in parameter sets and linked to PQI bits in DCI format 2D.
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