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1	Introduction
In RAN #75, non-coherent joint transmission (NCJT) is approved in WID of feCoMP [2].
In the scope of NCJT, the following are included
Specify enhancements to support non-coherent joint transmission (JT) schemes [RAN1]
Support of a new QCL assumption for DM-RS antenna ports
Support of control signalling enhancements to assist QCL,PDSCH REs mapping and resource allocation
Support possible CSI feedback enhancement
In this paper, we focus on enhancements to QCL assumptions for DMRS antenna ports for NCJT.
2	Discussion
In [1], the following categories of NCJT are identified. 
· Mapping of codewords (CWs) to TPs:
	Case 1: Different CWs are transmitted from different TPs. Each TP perform adaptive precoding independently
	Case 2a: The same CW is transmitted from different TPs with spatial diversity (e.g. SFBC) / spatial multiplexing
	Case 2b: The same CW is transmitted from different TPs using SFN
· Resource allocations on different TPs:
	Scheme 1: The resource allocations from different TPs for a UE are fully overlapped
	Scheme 2: The resource allocations from different TPs for a UE are partially overlapped
	Scheme 3: The resource allocations from different TPs for a UE are not overlapped
Out of the three cases of codeword mapping, case 1 has the best gain from simulation studies.
Out of the three resource allocation schemes, scheme 3 is not realistic as it implies the restriction that a UE cannot be assigned full bandwidth from both TPs. Scheme 2 can be considered a super set of scheme 3. However, overlapping parts and non-overlapping parts of the codeword from each TP typically have different interference, which will lead to complicated CSI reporting and MCS selection design. Consider the limited availability of study time, we propose to focus on case 1 and scheme 1 for NCJT.
[bookmark: a]Proposal 1.  NCJT in feCoMP only support different CWs from different TPs with independent precoding, fully overlapped resource allocation from different TPs. 
On the UE side, to reuse UE receiver capability, we can restrict to support up to 2 codewords for NCJT. This 2-codeword restriction implies that we can support up to 2 TPs in NCJT with one codeword transmitted from each TP. We believe this can already achieve most of the system gain from NCJT. For better flexibility, transmission from one TP only should be supported as well, in which case, up to two codewords from the only TP is supported. To limit the PDCCH blind decoding count, the two types of scheduling should be supported using a single DCI format.
[bookmark: b]Proposal 2.  Under NCJT, support joint transmission from two TPs with one codeword from each TP, and support transmission from one TP with up to two codewords. The two operation modes share the same DCI format.
For PDSCH of NCJT, we need to decide on using CRS and/or DMRS, how to do rate matching considering two TPs may have different CRS/CSI-RS locations, how to define EPRE, etc. 
For NCJT, the two TPs might be of similar strength. To use CRS based PDSCH, the UE needs to maintain the channel estimation for CRS, which may not be reliable as the two TPs’ CRS are not orthogonalized. Therefore, we propose to focus on DMRS based PDSCH. When DMRS is transmitted, if TP1 gets  ports and TP2 gets  ports, the total rank of the transmission is . The UE can figure out the , , and  information from the DCI. For DMRS, the TP1 will transmit on the first  antenna ports, and the TP2 will transmit on the next  antenna ports. For example, if TP1 is rank 3 and TP2 is rank 2, TP1 will transmit over antenna ports 7, 8, and 11 while TP2 will transmit over antenna port 9 and 10. Using CDM2 or CDM4 for DMRS needs to be RRC configured.
When the CRS and CSI-RS of the two TPs are not aligned, the PDSCH layer transmitted from one TP can potentially overlap with the CRS and CSI-RS of the other TP. This may create some extra complexity in UE processing, as some REs are not data overlapping withdata, but rather data overlapped with RS, which needs to be processed differently from other REs. A simple solution is to let PDSCH rate match around the CRS and CSI-RS of both TPs. A side benefit is the CRS and CSI-RS is better protected in each TP with lower interference.
For EPRE of each codeword of the joint transmission PDSCH, there are twooptions as well:
-	Option 1: Use single value for P_A and P_B, either signalled separately when configure NCJT, or using TP1 value. This value is used no matter the UE is served by both TP1 and TP2 or by only one of them.
-	Option 2: Use separate values for P_A and P_B. The PDSCH from TP1 follows TP1 P_A and P_B and the PDSCH from TP2 follows TP2 P_A and P_B.
Compare the two options, the option 1 seems to be simpler.
[bookmark: f][bookmark: c]Proposal 3.  For NCJT PDSCH, focus on DMRS based transmission mode, with first  antenna ports used. The PDSCH rate matches around the CRS and CSI-RS of both TPs. The EPRE needs to be defined, and preferably a single value is used.
In legacy CoMP, 2-bit PQI field is used to choose one of the 4 sets of parameters configured by higher layers. However, under NCJT, the two TPs may have different parameters. It is preferable to define the PQI field to support more parameter set combinations from the two TPs. 
For the PQI field design, we can either define a longer PQI field to jointly encoding the parameter sets of TP1 and TP2, or we can have two 2-bit PQI fields, each separately specifying the parameter set of one of the two TPs. The definition of the PQI field also can indicate if only one TP is participating in the NCJT. A 4-bit joint PQI design is demonstrated in Table 1. A two 2-bit PQI design in demonstrated in Table 2;
[bookmark: _Ref457981705]Table 1. Example 4-bit Joint PQI Field Design
	PQI value
	Description

	‘0000’-‘0011’
	Parameter sets 1 to 4 configured by higher layers, with TP1 transmitting only

	‘0100’-‘0111’
	Parameter sets 5 to 8 configured by higher layers, with TP2 transmitting only

	‘1000’-‘1111’
	Parameter sets 9 to 16 configured by higher layers, with both TPs transmitting



[bookmark: _Ref457983502]Table 2. Example Two 2-bit PQI Field Design
	PQI1 value
	PQI2 value
	Description

	‘00’
	
	TP1 not participating in NCJT

	‘01’-‘11’
	
	Parameter sets 1 to 3 for TP1 configured by higher layers

	
	‘00’
	TP2 not participating in NCJT

	
	‘01’-‘11’
	Parameter sets 1 to 3 for TP2 configured by higher layers

	‘00’
	‘00’
	Reserved



[bookmark: d]Proposal 4.  The DCI format 2D PQI format is enhanced to allow more parameter set combinations from the two TPs, either a longer PQI jointly encoded, or two separate PQI field, one for each TP.

3	Conclusions 
For QCL enhancement for DMRS antenna ports for NCJT, we propose the following:
Proposal 1.  NCJT in feCoMP only support different CWs from different TPs with independent precoding, fully overlapped resource allocation from different TPs. 
Proposal 2.  Under NCJT, support joint transmission from two TPs with one codeword from each TP, and support transmission from one TP with up to two codewords. The two operation modes share the same DCI format.
Proposal 3.  For NCJT PDSCH, focus on DMRS based transmission mode, with first  antenna ports used. The PDSCH rate matches around the CRS and CSI-RS of both TPs. The EPRE needs to be defined, and preferably a single value is used.
Proposal 4.  The DCI format 2D PQI format is enhanced to allow more parameter set combinations from the two TPs, either a longer PQI jointly encoded, or two separate PQI field, one for each TP.
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