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Introduction
In RAN1#88b, the following agreements were made regarding feCoMP:
Agreements:
· NC-JT is supported using single DCI  
· increasing number of bits for resource allocation and PQI to an existing DCI needs to be justified in terms of DCI coverage and performance
· FFS on multiple DCIs 
Agreements:
· NC-JT is supported at least for TM10 
· FFS on applicability of subset of enhancements on TM9
· UE can be indicated whether to assume that DM-RS antenna ports associated across different CWs received at UE are QCL-ed with each other wrt to all QCL parameters
· NC-JT is supported by the following DCI signalling per each CW
· QCL
· FFS: Add PQI bits or Re-interpret existing PQI bits
· FFS:PDSCH RE mapping
· FFS: Resource allocation

In this contribution, we address the remaining issues of QCL assumptions for different DMRS ports to support NC-JT.
[bookmark: _Ref178064866]Discussion
As has been agreed in RAN1#88b, NC-JT is supported using single DCI indication. This implies that a single PDSCH is transmitted from the multiple TRPs participating in the joint transmission, unless additional DCI format for multiple-PDSCH indication is introduced which is neither warranted nor feasible. Thus, NC-JT in LTE should be limited to two participating TRPs, transmitting a codeword each. The DMRS antenna ports corresponding to different CWs in a NC-JT transmission are thus transmitted from different TRPs and experience different long-term channel characteristics such as average delay, delay spread, etc. Thus, all DMRS antenna ports cannot be assumed to be QCL, however the DMRS antenna ports corresponding to the same CW can be assumed to be QCL, as they are transmitted from the same TRP, which motivates the agreement on per-CW QCL indication reached in the previous meeting. 
In TM10 CoMP operation, to support e.g. DPS between multiple TRPs, a UE configured with QCL Type B is dynamically indicated in DCI which NZP CSI-RS resource the subsequent DMRS should be assumed to be QCL with along with what PDSCH-to-RE-mapping to assume (as the different TRPs e.g. may have different CRS configuration) using the 2-bit PQI field. The PQI indicates one out of four RRC configured PQI parameter sets, as defined by the IE PDSCH-RE-MappingQCL-Config-r11 in 36.331:
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
	...
}

Thus, in order to support QCL indication per DMRS port belonging to each CW, enhancements have to be made to the PQI definition. We see the following options:
· Option 1: The PQI field in DCI is increased to 4 bits, where the first 2 bits indicates one out of four pdsch-RE-MappingQCL-ConfigId-r11 to be assumed for CW1 while the second 2 bits indicates what shall be assumed for CW2
· Option 2: The 2-bit PQI field is maintained, but PDSCH-RE-MappingQCL-Config-r11 is enhanced to specify two sets of PQI parameters, one for each CW. 
· Option 3: As Option 2, but the PQI-field size is increased so that more than 4 sets of PQI parameters can be indicated in DCI
With Option 1, dynamic switching between DPS and NC-JT between up to 4 TRPs is supported, while for Option 2, only up to 2-4 TRPs can be supported, depending on what configuration is used.
For instance, with Option 2, the following PQI hypotheses could be configured via RRC:
· PQI 00: CW1: TRP A CW2: TRP A
· PQI 01: CW1: TRP B CW2: TRP B
· PQI 10: CW1: TRP A CW2: TRP B
· PQI 11: CW1: TRP B CW2: TRP A
This configuration supports DPS between TRP A and TRP B as well as NC-JT between the two. This configuration could be appropriate if the UE has a strong channel to two dominant TRPs. As the second CW always has more (or equally many) layers than the first CW according to the LTE CW-to-layer mapping, it could be beneficial to swap the “TRP to CW” mapping in the PQI parameter definition in order to achieve more scheduling flexibility. Thus, we observe that:
[bookmark: _Toc481768862]Different TRP to CW mappings can be RRC configured in PQI parameter definition to support flexible rank allocation between TRPS. Thus, no CW-swap bit in DCI is needed
Thus, we propose:
[bookmark: _Toc481768864]Additional CW swap bit in DCI is not supported
Another possible configuration for Option 2 is:
· PQI 00: CW1: TRP A CW2: TRP A
· PQI 01: CW1: TRP B CW2: TRP A
· PQI 10: CW1: TRP C CW2: TRP A
· PQI 11: CW1: TRP D CW2: TRP A
This option would be appropriate if a UE is served by a dominant TRP, but has a sufficiently strong channel to several other TRPs.

Based on this discussion, we can observe that:

[bookmark: _Toc481768863]Sufficient flexibility can be achieved with Option 2, without adding any additional PQI bits in DCI. 
Adding additional bits to DCI should not be done lightly and should be motivated by serious performance benefit. It is not clear to us that the additional flexibility offered by Option 1 or Option 2 can give such benefit. Thus, we are inclined to prefer Option 2 and make the following proposal:
[bookmark: _Toc481698137][bookmark: _Toc481768865]DMRS QCL indication per-CW is supported by maintaining the 2-bit PQI field but enhancing the PDSCH-RE-MappingQCL-Config-r11 to specify two sets of PQI parameters, one for each CW



Conclusions
[bookmark: _GoBack]In this contribution we discussed indication of QCL assumptions for DMRS antenna ports to support NC-JT. The following observations were made: 
Observation 1	Different TRP to CW mappings can be RRC configured in PQI parameter definition to support flexible rank allocation between TRPS. Thus, no CW-swap bit in DCI is needed
Observation 2	Sufficient flexibility can be achieved with Option 2, without adding any additional PQI bits in DCI.

Based on the discussion in this contribution we propose the following:
Proposal 1	Additional CW/TB swap bit in DCI is not supported
Proposal 2	DMRS QCL indication per-CW is supported by maintaining the 2-bit PQI field but enhancing the PDSCH-RE-MappingQCL-Config-r11 to specify two sets of PQI parameters, one for each CW
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