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1. Introduction 
Small cell enhancement (PHY) was agreed at RAN# 62 meeting as a working item in Rel-12 and different WG started to specify this WI starting in 2014. Among the subjects that need to be specified in this WI, supporting 256 QAM is a major one.  Supporting 256 QAM would bring higher system and peak data rate as comparing with those existing orders of modulations, the smaller cell coverage in small cell deployment and higher SINR also makes it possible to use 256 QAM. However, introducing 256 QAM would need to consider the impact to the specifications as well as the complexity, especially at the UE side. 
 At RAN1# 76bis meetings, two main aspects of supporting 256 QAM were discussed, one was the design principles of relevant CQI, MCS and TBS tables for supporting 256 QAM, and the other was the scenarios and configuration of supporting 256 QAM.  For the second aspect, a WF [1] was proposed and discussed at the meeting. In the end, the following agreement was reached [2]. 
Conclusion:

· In TM10, decide in RAN1#77 between the following alternatives:

· Alt 1: CQI table can be CSI process dependent and MCS table can be PQI dependent

· Alt 2: CQI table is common for all CSI processes and MCS table is common for all PQI sets

· Alt 3: CQI table can be CSI process dependent and MCS table is common for all PQI states

· FFS, decide in RAN1#77 between the following two alternatives 

· Alt 1: the use of 256QAM CQI table can be configured for each measurement subframe set 
· Alt 2: the use of 256QAM CQI table can be configured is common for all measurement subframe sets

In this contribution, some parts that were left from last meeting for FSS are discussed and our views and opinions are provided. 
2. 256 QAM Configuration and Signalling.
For TM 10, three FFS issues were raised for 256 QAM configuration in RAN1# 76bis  meeting

· Alt 1: CQI table can be CSI process dependent and MCS table can be PQI dependent

· Alt 2: CQI table is common for all CSI processes and MCS table is common for all PQI sets
· Alt 3: CQI table can be CSI process dependent and MCS table is common for all PQI
As TM 10 is used for CoMP transmission, multiple CSI process could be configured, one for each transmit point (TP) that is involved.  The UE would measure the CSI for each TP based on the corresponding CSI-RS configuration and feedback the CSI measurement to the serving cell.  If 256 QAM is introduced,  it can be enabled at the UE for some TPs, while for the other TPs, it could be disabled. For example, if a UE is very close to one of the small cells,  the SINR it measures from that small cell TP could be much higher than those from other TPs, and falls in the range of SINR that 256 QAM could be supported.  From this observation, it seems that 256 QAM CQI table could be configured for each specific TP to fully exploit the SINR variations, or alternatively, be configured for each CSI process when TM 10 is configured. The detail RRC signal design could be decided by RAN2. 
From transmission perspective of TM 10, any PDSCH transmission to the UE may come from any TP or a number of TPs in any subframe. To facilitate this, 2-bit PQI fields are signaled in DCI format 2D to indicate different sets of pre-configured parameters. These parameters would provide PDSCH RE mapping and Quasi-Co-Location information linked to a particular TP that actually transmits PDSCH to the UE at current subframe. As discussed before that it may be beneficial to configure 256 QAM CQI table on per CSI process (or per TP) basis, it is nature then to configure 256 QAM MCS/TBS tables for that specific TP, or alternatively, for the particular set of PQI parameters that indicates a particular TP. That would inform the UE whether new set or existing set of MCS and TBS tables shall be assumed or not at the reception of PDSCH.

In fact, CSI process and PQI field refer to a particular TP from different perspectives, one from uplink feedback and one from downlink transmission.  Therefore, configuring 256 QAM CQI table for each CSI process and configuring 256 QAM MCS table for each PQI field is equivalent to configure 256 QAM for each TP if TM 10 is used. 

There are different alternatives to achieve such configuration, one is to add a new IE in the PQI configuration to indicate the enabling of 256 QAM  as shown in green in Figure 2.  
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Figure 2:  PQI configuration IE
Alternatively, if 256 QAM is enabled on per NZ CSI-RS basis (“CSI-RS-ConfigNZPId-r11” IE) corresponding to a particular TP,  after the UE decodes the PQI fields in DCI format 2D, it shall be aware of whether 256 QAM is actually enabled or not for the TP that actually transmits the PDSCH, as “CSI-RS-ConfigNZPId-r11” IE is already contained in PQI configuration as shown in yellow in Figure 2,  Therefore there is no need to add additional configuration of enabling of 256 QAM  in the PQI parameter set.  
In [3], the need to support QAM 256 on per CSI and PQI basis was discussed and the conclusion was that such need is not justified.  The main reasons for such conclusion are first the CQI/MCS tables designed to support 256 QAM  may well consider the low to high SNR range with enough resolution, the second is that the benefit of 256 QAM  may not be significant in the CoMP scenario where TM 10 would be used.  However, considering the current agreement on CQI/MCS and TBS design for supporting 256 QAM is to introduce a new set of tables of the same size of existing ones, which includes new set of entries for 256 QAM while removing some old entries for lower order of modulations, that would certainly impact the performance when SNR is low and may not satisfy the needs for UEs experiencing different channels and different ranges of SNRs among different TPs.  On the other side, unlike cell edge UEs in macro-cell deployment which could see similar SINRs from different cells, the SINR ranges seen at the UE in small cell deployment could be quite different and dynamic. It is therefore benefit to support 256 QAM configuration on per CSI process and PQI basis to deal with such situation. 
For Alternative 3, it was proposed that CQI table can be CSI process dependent and MCS table is common for all PQI.  The motivation of this proposal is not clear because if a UE supports 256 QAM, it will support a new sets of CQI/MCS/TBS tables for all transmit modes, not only for TM 10.  From configuration perspective, it is also more clean to support one configuration for all the corresponding new set of tables of CQI/MCS/TBS for a particular TP, which allows the eNB and the UE to fully exploit the benefit of 256 QAM.  For example,  this single configuration may include CSI-RS-ConfigNZPId-r11 corresponding to the particular TP to enable/disable QAM 256.  The detail signaling can be decided by RAN2. 
The second aspect that needs to be FFS from RAN1# 76bis meeting is that 
· FFS, decide in RAN1#77 between the following two alternatives 

· Alt 1: the use of 256QAM CQI table can be configured for each measurement subframe set 
· Alt 2: the use of 256QAM CQI table can be configured is common for all measurement subframe sets
This issue is similar to the CoMP scenario that different measurement subframe set could experience different interference and therefore different SINR, for example, the pico cell under a macro-cell coverage may see different interference from macro-cell in different sets of subframes where macro-cell is configured to transmit with full power or not.  This difference would directly link to whether the higher order of modulation such as 256 QAM could be used or not.  It is therefore beneficial to consider the configuration of 256 QAM on per measurement subframe set basis to provide full flexibility and benefits for using 256 QAM. 
Based in the above discussion, the following proposals could be considered 

Proposal

· It is preferred that CQI table can be CSI process dependent and MCS table can be PQI dependent 
· Let RAN2 decide how to define the corresponding signals. A simple way would be to configure 256 QAM for each TP (or corresponding NZ CSI-RS). 
· It is preferred that the use of 256 QAM CQI table can be configured for each measurement subframe set
3. Conclusions

In this contribution, some remaining issues in 256 QAM configurations and signalling are discussed and our current views on these issues could be summarized as follows
Proposal:

· It is preferred that CQI table can be CSI process dependent and MCS table can be PQI dependent 
· Let RAN2 decide how to define the corresponding signals. A simple way would be to configure 256 QAM for each TP (or corresponding NZ CSI-RS). 
· It is preferred that the use of 256QAM CQI table can be configured for each measurement subframe set
4. References
[1] R1-141803
WF on 256QAM configuration
LG Electronics, Fujitsu, Blackberry, Qualcomm, Hitachi, Huawei, HiSilicon,  Samsung, Broadcom, Panasonic, InterDigital,    Shenzhen, China, March 31 – April 4,  2014
[2] RAN1 76bis  meeting Chairman minutes. Shenzhen, China, March 31 – April 4,  2014
[3] R1-141639
256QAM configuration and signalling, 
Ericsson, Shenzhen, China, March 31 – April 4,  2014
1

