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1. Introduction 
Small cell enhancement (PHY) was agreed at RAN 62 meeting as a working item in Rel-12, therefore, 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 also need to consider the impact to the specifications as well as the complexity, especially at the UE side. 
 At RAN1 76 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]. 
Agreement:

· Use of 256 QAM 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, some parts that were left from last meeting for FSS are discussed and our initial views and opinions were provided. 
2. Remaining issues to configure 256 QAM. 
2.1. Support 256 QAM for DCI format 1A 

It was agreed at RAN1 76 meeting that 256 QAM should be supported in all transmission mode (TM) and all DCI formats except DCI format 1A and 1C. The remaining question is that if the DCI format 1A shall support 256 QAM as well.  DCI format 1A is normally used as the DCI format indicating that fall back transmission will be used instead of the normal transmission in a TM and transmit diversity or single antenna transmission will be used as fall back transmission.  The fall back transmission is used mainly by the eNB when it feels channel condition is bad and/or channel feedback is not reliable.  The fall back transmission would especially be beneficial to maintain the basic transmission and therefore improve the robustness of the TM.  Another benefit of fall back transmission is that it can be used in TM configuration or re-configuration period, because during this mode transition period, it is not clear when switching from one TM to the other TM really happens and therefore, the UE may not know which DCI formats it really needs to monitor/decode.  If DCI format 1A is used during this transition period, as the DCI format 1A for all the TM is the same, the UE efforts on blind decoding of DCI formats hypothesis could be reduced.

When introducing 256 QAM, it was agreed in RAN 62 meeting that the feedback overhead will be kept the same as before to minimize the impact on feedback. That implies that the same size CQI  table will be used. Correspondingly, the same size of MCS and TBS tables may be used as well. In RAN1 76 meeting, in order to accommodate the 256 QAM,  the design principle of new set of CQI, MCS and TBS tables are discussed and agreed.   The new set of tables contains new entries to support 256 QAM, while remove some entries for  supporting existing modulation orders. Supporting 256 QAM will be configured by the eNB to the UE on a semi-static basis, and if 256 QAM is configured, the new set of tables shall be assumed by both eNB and UE, while if it is not configured, the existing set of tables will be used. 
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Figure 1:  Timing for 256 QAM configuration
Figure 1 shows the timing during configuration of 256 QAM and relevant DCI format that could be used. When 256 QAM is enabled, the eNB will send a RRC signal to the UE to configure 256 QAM.  However, the switching time from supporting current modulation order (QPSK, QAM16, QAM 64) to support 256 QAM may take some time and eNB and UE may not fully synchronize on this.  To avoid unnecessary misunderstanding between eNB and UE, DCI format 1A could be used. The similar processing could be applied to the situation when 256 QAM is disabled.  During 256 QAM enabling period, the eNB could configure different TMs to the UE,  and during the TM transition period, as the exact switching time from one TM to the other may not fully be synchronized between the eNB and UE, DCI format 1A can also be used. The latter issue is the same as that in LTE Rel-8 and is already resolved.   
If DCI format 1A also supports 256 QAM,  UE and eNB need to switch between two sets of tables (CQI, MCS and TBS) when 256 QAM is enabled or disabled. That won’t affect the TM transition period after 256 QAM is enabled, which is shown in Figure 1 in green color because during these period, the set of tables for 256 QAM shall be assumed by both eNB and UE already.  However, it may affect 256 QAM enabling or disabling time, which are shown in  yellow color in Figure 1.  That is because if DCI format 1A supports 256 QAM, different sets of tables shall be assumed by UE and eNB between when 256 QAM is enabled and when 256 QAM is disabled.  Confusion may occur between eNB and UE if switching to the new tables and vice versa are not fully synchronized.  To avoid such confusion,  it may be preferred to use the same set of tables for DCI format 1A regardless if 256 QAM is enabled or not, namely, DCI format 1A only supports existing orders of modulation. 
Another reason to have DCI format 1A only use current set of tables comes from the observation that the new set of tables for 256 QAM remove some entries corresponding to current order of modulation such as QPSK, 16 QAM  and 64 QAM  in order to create rooms to include new entries for 256 QAM, that may cause some performance degradation in the current modulation. As current orders of modulation including lower order of modulation could most probably be used when the channel condition is poor, which is the occasion when fall back transmission shall be scheduled,  keeping the current tables for DCI format 1A even if 256 QAM is enabled could maintain the performance of fall back transmission. 
Based on the above analysis, the following proposal could be considered

Proposal

· It is preferred to use the current CQI , MCS and TBS tables for DCI format 1A. Namely, not support 256 QAM for DCI format 1A.
2.2. Remaining issues to configure 256 QAM for TM 10

For TM 10, two FFS issues were raised for supporting 256 QAM in RAN1 76 meeting

· 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
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 for the UE in 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 fall 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 the current PDSCH to the UE. 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 a 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.

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 enabling of 256 QAM  as shown in green in Figure 2.  
PDSCH-RE-MappingQCL-Config-r11 ::=

SEQUENCE {


pdsch-RE-MappingQCL-ConfigId-r11
PDSCH-RE-MappingQCL-ConfigId-r11,


optionalSetOfFields-r11



SEQUENCE {



crs-PortsCount-r11




ENUMERATED {n1, n2, n4, spare1},



crs-FreqShift-r11




INTEGER (0..5),



mbsfn-SubframeConfigList-r11

CHOICE {




release







NULL,




setup







SEQUENCE {





subframeConfigList




MBSFN-SubframeConfigList




}



}
















OPTIONAL,
-- Need ON



pdsch-Start-r11





ENUMERATED {reserved, n1, n2, n3, n4, assigned}


}

















OPTIONAL,
-- Need OP


csi-RS-ConfigZPId-r11



CSI-RS-ConfigZPId-r11,


qcl-CSI-RS-ConfigNZPId-r11


CSI-RS-ConfigNZPId-r11



OPTIONAL,
-- Need
OR
  Enable256QAM






BOOLEAN  

...

}

Figure 2:  PQI configuration IE
Alternatively,  if 256 QAM is enabled on per NZ CSI-RS basis (CSI-RS-ConfigNZPId-r11) corresponding to a particular TP,  as this information may already be  contained in PQI configuration as shown in yellow in Figure 2, the UE shall be aware of which TP is actually transmitting the PDSCH after it decodes the PQI fields in DCI format 2D,  and whether 256 QAM is actually enabled or not. Therefore there is no need to add additional configuration of enabling of 256 QAM  in the PQI parameter set.  
Based in the above discussion, the following proposal could be considered 

Proposal

· For TM 10, use of 256QAM CQI table can be configured for each CSI process
· For TM 10, use of 256QAM MCS/TBS table can be configured for each PQI field
· Let RAN2 decide on how to define the corresponding signals. A simple way would be to configure 256 QAM for each TP (or corresponding NZ CSI-RS). 
3. Conclusions

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

· It is preferred to use the current CQI, MCS and TBS tables for DCI format 1A. Namely, not support 256 QAM for DCI format 1A.
· For TM 10, use of 256 QAM CQI table can be configured for each CSI process
· For TM 10, use of 256 QAM MCS/TBS table can be configured for each PQI field
· 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). 
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