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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 RAN1 #88b, the following agreements have been reached.
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 RAN1 #89, the following agreements have been reached.
[bookmark: _Hlk489889366]Introduce new QCL type with new QCL assumption for DM-RS antenna port groups
New QCL type is configured by RRC
New QCL type has the same QCL assumption as QCL type B except for DM-RS antenna ports
Regardless of the initial PDSCH transmission or retransmission 
UE should assume that all DM-RS antenna ports associated with each CW are co-located wrt to all parameters
UE should not assume that DM-RS antenna ports associated with different CWs are co-located wrt to all parameters, unless indicated 
UE is informed regarding QCL assumptions between DM-RS antenna ports and CSI-RS resource
Note: Dynamic switching between NC-JT and single point transmission is supported
New QCL type configuration
The existing PDSCH-RE-MappingQCL is extended by allowing configuration of the 2nd set of following parameters
CRS port number
CRS shift
MBSFN configuration 
ID of ZP CSI-RS ID
ID NZP CSI-RS for QCL 
UE should assume the same PDSCH start for the 1st and 2nd sets
The number of bits for PDSCH-RE-MappingQCL indication in DCI format 2D is 2 bits (same as in Rel-14)
FFS support of more than 2 bits
Support QCL assumption for DM-RS antenna ports as follow:
Two CWs
1st CW: DM-RS antenna port (s) associated with 1st CW are QCL-ed with NZP CSI-RS defined by ‘ID NZP CSI-RS for QCL’ in the 1st set of parameters in PDSCH-RE-Mapping QCL
2nd CW: DM-RS antenna port(s) associated with 2nd CW are QCL-ed with NZP CSI-RS defined by ‘ID NZP CSI-RS for QCL’ in the 2nd set of parameters in PDSCH-RE-Mapping QCL
One CW
All DM-RS antenna ports are QCL-ed with NZP CSI-RS defined by ‘ID NZP CSI-RS for QCL’ in the 1st set of parameters in PDSCH-RE-Mapping QCL
[bookmark: _Hlk489890003]PDSCH RE mapping for new QCL type 
Two CWs
1st CW: PDSCH layers associated with 1st CW follows PDSCH RE mapping according to the 1st set of parameters in PDSCH-RE-MappingQCL
2nd CW: PDSCH layers associated with 2nd CW follows PDSCH RE mapping according to the 2nd set of parameters in PDSCH-RE-MappingQCL
One CW
PDSCH layers associated with CW follows PDSCH RE mapping according to the 1st set of parameters in PDSCH-RE-MappingQCL
FFS whether to support PDSCH RE mapping around two sets of PDSCH RE parameters in PDSCH-RE-MappingQCL

In this paper, we discuss remaining details on QCL and PDSCH RE mapping.
2	Discussion
Most of the NCJT gain is achieved when the UE is between two TPs. For better eNB scheduling flexibility, when a UE is configured with NCJT, single TP transmission should be supported as well. In addition to that, for NCJT transmission from two TPs, single codeword retransmission should be supported as well, in case the TB from one of the TPs passed CRC. To summarize, the gNB should be able to dynamically switching across the following PDSCH types, with the same DCI format.
1. MCW and SCW from TP A only
2. MCW and SCW from TP B only
3. MCW/NCJT from TP A (1st set parameter in QCL) and TP B (2nd set parameters in QCL)
4. MCW/NCJT from TP B (2nd set parameter in QCL) and TP A (1st set parameter in QCL)
5. SCW retransmission of a NCJT transmission from TP A only
6. SCW retransmission of a NCJT transmission from TP B only
Note that the type 3 and type 4 are needed to provide the flexibility that one TP has higher rank (by 1) than the other TP, as LTE only supports CW1 with the same number of spatial layers as CW1 or 1 more spatial layers. 
[bookmark: p1]Proposal 1.  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.
Follow the current agreement, type 3 and type 4 cannot be scheduled with the same PQI. Also type 1 and type 2 cannot be scheduled with the same PQI as type 3 and type 4. To support all these PDSCH types, we will need at least 4 PQIs as follows, which exhausts the 2 bit PQI field agreed on.
1. PQI points to TP A: Handles type 1 and type 5
2. PQI points to TP B: Handles type 2 and type 6
3. PQI points to TP A (1st set parameter in QCL) and TP B (2nd set parameters in QCL): Handles type 3
4. PQI points to TP B (2nd set parameter in QCL) and TP A (1st set parameter in QCL): Handles type 4

As a result, when the UE is close to more than 2 TPs, or the UE is moving around and potentially see more TP pairs, the 2 bit PQI field is not enough, and the eNB needs to perform frequent reconfiguration to support more flexible NCJT operation. 
One solution to the above problem is to allow more QCL to be configured. If there are 3 TPs involved, we will need 3 PQIs to point to each of the 3 TPs to support single TP transmission, and we will need another 6 PQIs to point to 6 TP pair combinations. In this case 4 bit PQI field will be needed, and 3 bit PQI field can be used with some scheduling limitations. If there are 4 TPs involved, we will need 4 PQIs to point to each of the 4 TPs to support single TP transmission, and we will need another 12 PQIs to point to 12 TP pair combinations. In this case 4 bit PQI field will be needed.
[bookmark: p2]Proposal 2: The PQI field length is configurable between 2 to 4 bits.
With longer PQI field and more complex QCL configurations, eNB can have more flexibility in serving UEs. However, within the QCL configuration, there are a lot of redundancy. The eNB scheduler needs to choose across multiple carefully configured PQIs to switching across different PDSCH types. It is preferred to have a simpler way to use this feature. One such design can be described as follows.
Note that for one NCJT QCL definition, the parameters for both TPs are already included. Configuring other PQIs as in the discussion earlier is just some redundant configuration of the same information with different combinations. Instead of using multiple PQIs to accomplish the dynamic switching of PDSCH types, we can use one PQI value. This can be supported by adding a QCL indicator bit for each CW. 
For each CW, the definition of QCL indicator is as follows
Table 1. QCL indicator field definition
	QCL indicator
	Meaning

	0
	The CW is using the 1st set of parameters in the QCL pointed by PQI

	1
	The CW is using the 2nd set of parameters in the QCL pointed by PQI



The way to use the field is captured in the next table.
Table 2. QCL indicator field usage
	CW0
	CW1
	QCL indicator 0
	QCL indicator 1
	Operation

	Enabled
	Enabled
	0
	0
	MCW from TP A only (Single TP operation)

	Enabled
	Disabled
	0
	X
	SCW from TP A only (This covers rank 1 SCW single TP transmission, SCW retransmission from TP A for single TP transmission and NCJT transmission)

	Enabled
	Enabled
	1
	1
	MCW from TP B only (Single TP operation)

	Enabled
	Disabled
	1
	X
	SCW from TP B only (This covers rank 1 SCW single TP transmission, SCW retransmission from TP B for single TP transmission and NCJT transmission)

	Enabled
	Enabled
	0
	1
	NCJT with CW0 from TP A and CW1 from TP B

	Enabled
	Enabled
	1
	0
	NCJT with CW0 from TP B and CW1 from TP A



[bookmark: p3]Proposal 3. Include QCL indicator bit for each CW in the DCI when NCJT is configured, to be used together with a PQI points to a NCJT QCL.
3	Conclusions 
In this paper, we discussed the QCL for NCJT and have the following proposals:
Proposal 1.  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 2: The PQI field length is configurable between 2 to 4 bits.
Proposal 3. Include QCL indicator bit for each CW in the DCI when NCJT is configured, to be used together with a PQI points to a NCJT QCL.
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