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1. Introduction
In previous RAN1 meetings, the following agreements are made regarding CW-to-layer mapping and cooperative transmission in NR:
	Agreements:
· Confirm the following working assumption as an agreement:

· For 3 and 4-layer transmission, NR supports 1 codeword (CW) per PDSCH/PUSCH assignment per UE

· FFS: the support of mapping 2-CW to 3 layers and 2-CW to 4 layers
· DMRS port groups belonging to one CW can have different QCL assumptions

· One UL- or DL-related DCI includes one MCS per CW

· One CQI is calculated per CW

Agreements:

· Adopt the following for NR reception:

· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs

· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 

· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner

· Note: CSI feedback details for the above case can be discussed separately

Agreements:
· The maximum supported number of unicast and dynamically scheduled NR-PDSCHs a UE can be expected to simultaneously receive is 2 on a per component carrier basis in case of one bandwidth part for the component carrier

· FFS in case of two or more bandwidth parts for the component carrier

· FFS the max number of corresponding NR-PDCCHs

Agreements:

· For QCL, NR supports:

· At least one or two DM-RS antenna port groups per PDSCH 

· FFS other number of groups

· QCL assumption across carriers and bandwidth parts for DL

· FFS details for indication, the applicable RS(s), the applicable QCL parameters, and configurability

· FFS whether or not to have UE assisted management




In this contribution, we further discuss multi-TRP cooperative transmission in NR, based on the agreements.
2. Discussions
In RAN1#89 meeting, it is agreed to support for NR reception that “Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs” as summarized above. This operation means a single DCI (transmitted from a TRP, e.g., a serving TRP) schedules a non-coherent JT (NCJT) NR-PDSCH transmitted from multiple TRPs. In order to properly indicate such separated layer(s) per TRP, remaining details on the necessary control information carried by the single DCI should be determined further, which includes at least the following [1] with some updates:

· A single DMRS antenna port field, at least indicating the total number of layers (v), v = 1, …, 8.
· DMRS port grouping information for each value of v is configured by higher layer, e.g., by RRC and/or MAC CE
· A single NR-PQI field, where each state can indicate one or multiple QCLed CSI-RS resource ID(s) as well as PDSCH RE mapping pattern(s), pre-configured by higher layer, e.g., by RRC and/or MAC CE. 
· If N(>1) CSI-RS resource IDs are indicated, DMRS port group #k (k=1,…,K) is assumed to be QCLed with CSI-RS resource #n=k (n=N if k>N), where K is the number of configured DMRS port group(s) and K>=N.
· The maximum configurable value of N should be determined.
Proposal 1: Based on related agreements so far, a single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs should include at least following information in the single DCI:

· Information on DMRS port groups (DPG)
· Different QCL/RM assumption per DPG
· Different MCS per DPG (assuming each DPG corresponds to a CW)
Information on DMRS port groups (DPG)
Note the above “a single DMRS antenna port field” can be regarded as a DMRS configuration field (including antenna port(s), scrambling identity, and number of layers indication as in LTE), which in NR can be defined based on further DMRS discussions. Anyhow, this field should be capable of indicating at least the total number of layers (v), v = 1, …, 8, as shown above, so that the value of v for the scheduled PDSCH is dynamically indicated to the UE by this field. Depending on the indicated v, the UE can recognize how the DMRS port groups (DPG) are set up, since this DMRS port grouping information for each value of v is pre-configured by higher layer, e.g., by RRC and/or MAC CE. If considering 2-TRP NCJT as an example, the following candidates of the DMRS port grouping are possible and one of them can pre-configured to the UE:
	# of scheduled layers in total (v)
	(# of ports in DPG1, # of ports in DPG2) 
in case when configured with up to 2-TRP NCJT

	1
	(1, 0)

	2
	(1, 1),  (2, 0)

	3
	(1, 2),  (3, 0)

	4
	(1, 3),  (2, 2),  (4, 0)

	5
	(1, 4),  (2, 3),  (5, 0)

	6
	(2, 4),  (3, 3),  (6, 0)

	7
	(3, 4),  (7, 0)

	8
	(4, 4),  (8, 0)


· Total 18 candidates are considered, including dynamic switching between NCJT from 2 TRPs and non-CoMP transmission from 1 TRP.
Different QCL/RM assumption per DPG
Considering PQI field in DCI format 2D in LTE specification where each PQI state jointly indicate PDSCH RE mapping and QCLed CSI-RS resource ID, such joint encoding of QCL and RM indication seems desired in NR CoMP as well, with extending it to be indicated per DPG as explained above. Each state in the NR-PQI can indicate one or multiple QCLed CSI-RS resource ID(s) as well as PDSCH RE mapping pattern(s), pre-configured by higher layer. And, if N(>1) CSI-RS resource IDs are indicated, DMRS port group #k (k=1,…,K) is assumed to be QCLed with CSI-RS resource #n=k (n=N if k>N), where K is the number of configured DMRS port group(s) and K>=N. With this, the UE can clearly recognize the QCL and RM behaviour for each DPG.
Different MCS field per DPG
Since NR supports up to 2 CWs same as LTE, up to two MCS fields are required in the single DCI. If considering 3-TRP NCJT, an additional mapping information on 2 MCS fields to 3 DPGs is needed which is more elaborated in our companion contribution [2]. Note in the above table, the cases of (x, 0) imply a single TRP transmission instead of NCJT, so that both the two MCS fields correspond to the single DPG.
CSI feedback enhancement for NCJT
Regarding spec impact in terms of CSI feedback, it is desired to support UE reports {RI, PMI} per TRP (corresponding to a configured CSI-RS resource) and reports composite CQI assuming NCJT. As an example of 2-TRP NCJT, if UE reports RI1 for TP1 and RI2 for TP2 and RI1+RI2 > 4, UE assumes RI1 layers for CW1 and RI2 layers for CW2 and calculates CQI for each CW. In this case, UE lets TRP know preferred codeword to layer mapping by reporting RI1 and RI2. 

NCJT based on multiple NR-PDCCHs
Regarding another agreed operation for NR reception that “Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP”, this scheme is interpreted as dual-connectivity based operations on the same carrier which has not been sufficiently studied so far, so that various potential issues raised in [2] need to be thoroughly investigated. Therefore, it seems better to work through NR phase 2 in details. Since this operation requires UE-side multiple blind detection processes over multiple TRPs, some complexity reduction and UE power saving mechanisms need to be considered including independent monitoring slot set configurations per NR-PDCCH as well as activation/deactivation mechanism on such multi-DCI monitoring behaviour, e.g., if it is disable, the UE is not monitoring more than one NR-PDCCH (fallback to the non-CoMP mode of operation).
Proposal 2: NR phase 1 should focus on the agreed single NR-PDCCH case regarding NCJT.
3. Conclusion
This contribution discussed NCJT operations for NR. Following proposals are given, based on the discussion:
Proposal 1: Based on related agreements so far, a single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs should include at least following information in the single DCI:

· Information on DMRS port groups (DPG)
· Different QCL/RM assumption per DPG
· Different MCS per DPG (assuming each DPG corresponds to a CW)
Proposal 2: NR phase 1 should focus on the agreed single NR-PDCCH case regarding NCJT.
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