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1 Introduction
In the RAN1#88bis meeting, the extensive discussions on the enhancements for NCJT, especially for the DCI related issues have been conducted with following agreements [1]: 
· 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 
· 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, the details for the enhancements related to the QCL for DM-RS antenna ports are elaborated in this contribution for both TM9 and TM10 w.r.t the application of NCJT. 
2 Discussion on the potential enhancements
As shown in Figure 1, typical scheme of non-coherent joint transmission between two TPs is conducted. In this case, TP1 transmits codeword 1 to the UE with precoding matrix W1, whereas TP2 transmits codeword 2 to the UE with precoding matrix W2 simultaneously. It means that DM-RS ports for different MIMO layers are transmitted from different TRP.  Since QCL is utilized to associate the large-scale channel parameters measured on CSI-RS with DM-RS, the current assumption of common QCL for all the DM-RS ports is definitely not suitable for this scenario. Therefore, QCL enhancements to support the indication of more than one CSI-RS resource for QCL per DM-RS based PDSCH transmission in a subframe should be considered. Meanwhile, considering the capability of current UE and HARQ process, enhancements should be restricted to support up to two codewords for NCJT. It means that one CW should can be transmitted per TP in this coordination scheme with 2 coordinating TPs at maximum in one subframe.
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Figure 1 Illustration of the NCJT

Based on the agreements in Section 1, QCL information is indicated DCI in per-CW basis. According to this principle, indication of QCL assumption of DM-RS ports can be implicitly done according to CW-to-layer mapping and CW allocation for each TP, e.g., all DMRS ports associated with the same codeword are QCL-ed w.r.t all parameters in both TM9 and TM10. The major advantage of this approach is that it does not need configuration of DMRS grouping in higher layer and it does not need any extra DCI overhead.
For QCL association among DM-RS and CSI-RS  in TM10, the only modification to the spec is to add one more NZP-CSI-RS index field in each PQI parameter set in RRC configuration as shown in Table 1.
Table 1 PQI configuration
	PQI Parameters
	…
	NZP CSI-RS
	…

	Parameters set 1
	CW1
	…
	CSI-RS index 1
	…

	
	CW2
	…
	CSI-RS index 2
	…

	Parameters set 2
	CW1
	…
	CSI-RS index 3
	…

	
	CW2
	…
	CSI-RS index 4
	…

	Parameters set 3
	CW1
	…
	CSI-RS index 5
	…

	
	CW2
	…
	CSI-RS index 6
	…

	Parameters set 4
	CW1
	…
	CSI-RS index 7
	…

	
	CW2
	…
	CSI-RS index 8
	…


By setting the parameters in Table 2, it can support dynamic switching among different transmission schemes e.g. single TP transmission, joint transmissions from 2 TPs, DPS, etc.
Table 2 PQI configuration
	PQI Parameters 
	…
	NZP CSI-RS
	…

	Parameters set 1
(Single TP Tx - TP1)
	CW1
	…
	CSI-RS Index1
	…

	
	CW2
	…
	CSI-RS Index1
	…

	Parameters set 2
(Single TP Tx - TP2)
	CW1
	…
	CSI-RS Index2
	…

	
	CW2
	…
	CSI-RS Index2
	…

	Parameters set 3
NCJT between TP1&TP2
	CW1
	…
	CSI-RS Index1
	…

	
	CW2
	…
	CSI-RS Index2
	…

	Parameters set 4
NCJT between TP1&TP3
	CW1
	…
	CSI-RS Index1
	…

	
	CW2
	…
	CSI-RS Index3
	…


Moreover, since the signaling is not directly related to DMRS port index, it can be applicable to any DMRS port with proper definition of CW-DMRS port mapping.  The current rank 3 & 4 transmission are based on DMRS ports {7,8,9,10}.  It will be specified by [2] that rank 3 & 4 transmission are based on DMRS ports {7,8,11,13} in Rel-15. Codeword basis approach does not need to care about the DMRS port index and therefore is future proof scheme with lower standardization effort.  
For TM9, since there is no PQI field in existing DCI 2C, multiple QCL assumptions between DM-RS and CSI-RS can be configured according to the pre-allocated CSI-RS resource for each CW.  For example, if K = 2 class B CSI-RS resource is adopted in TM9 as proposed in [3], it can simply assume that the first one is allocated to  CW1, and the second CSI-RS is allocated to CW2. Moreover, in order to distinguish the transmission with single or multiple TRP transmission in FeCoMP mode, one additional bit can be introduced in DCI filed for further indication so that it can fall back to the single TRP case that two CWs are assumed to be QCLed.  In addition, we can simplify UE implementation by assuming only partial QCL parameters are not QCL’ed in FeCoMP mode in TM9. E.g. we can assume Doppler related parameters are QCL’ed and others are not QCL’ed.  
Proposal 1: Whether DM-RS antenna ports associated across different CWs are QCL-ed with each other w.r.t to all QCL parameters can be implicitly indicated to UE according to the pre-defined CW-to-layer mapping and CW allocation for both TM9 and TM10.  
Proposal 2: For TM10, re-interpret existing PQI bits by allowing configuration of two CSI-RS indexes for two CWs in each PQI status.
Proposal 3:  Introduce 2 QCL assumptions by configuring K=2 Class B CSI-RS resources to support NCJT in TM9. Partial QCL assumptions can be considered between these 2 CSI-RS resources.  CSI-RS to CW association can be pre-defined.
3 Conclusion 
In this contribution, potential enhancements to QCL assumptions are discussed with the corresponding changes on the current specification. The following proposals are considered:
Proposal 1: Whether DM-RS antenna ports associated across different CWs are QCL-ed with each other w.r.t to all QCL parameters can be implicitly indicated to UE according to the pre-defined CW-to-layer mapping and CW resource allocation for both TM9 and TM10.
Proposal 2: For TM10, re-interpret existing PQI bits by allowing configuration of two CSI-RS indexes for two CWs in each PQI status. 

Proposal 3:  Introduce 2 QCL assumptions by configuring K=2 Class B CSI-RS resources to support NCJT in TM9. Partial QCL assumptions can be considered between these 2 CSI-RS resources.  CSI-RS to CW association can be pre-defined.
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