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1. Introduction
In RAN1 #88bis and #89 meeting, 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:
· For the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, NR supports:

· The maximum supported number of NR-PDCCHs/PDSCHs is either 2 or 3 or 4

· To be decided next meeting

· FFS signaling (explicit or implicit) of the maximum number of NR-PDCCHs/PDSCHs for a UE, including the case of signaling a single NR-PDCCH/PDSCH


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 highlighted 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:

· Information on DMRS port groups (DPG) (as agreements highlighted above), e.g.,

· DPG1 consisting of DMRS ports {0, 1} and 

· DPG2 consisting of DMRS ports {2, 3, 4}
· Different QCL assumption per DPG (as agreements highlighted above), e.g., 
· CSI-RS1 (QCLed to DMRS ports within DPG1) and

· CSI-RS2 (QCLed to DMRS ports within DPG2)

· Different rate matching assumption per DPG (similar to PQI in LTE), e.g., 
· RMR1 (for PDSCH RE mapping for DPG1) and

· RMR2 (for PDSCH RE mapping for DPG2)

· Different MCS field per DPG (assuming each DPG corresponds to a CW), e.g.,

· MCS1 (for DPG1)

· MCS2 (for DPG2)

Note the above examples assume 2-TRP NCJT operation. If considering 3-TRP NCJT, {DPG1, DPG2, DPG3} are used in the above, and the last bullet on MCS needs to be updated due to max 2-CW system supported in NR, e.g., MCS1 corresponds to DPG1, and MCS2 corresponds to DPG2 and DPG3. More elaborations on such CW-to-layer mapping issues with NCJT are found in our companion contribution [1].
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)
This information on how many DPG(s) are used is also informing the UE of the total number of scheduled layers, e.g., the total number of layers = 5 in the above example, since DPG1 has 2 ports and DPG2 has 3 ports as indicated. For this information, the following encoding states at most can be designed to cover any possible combinations of indicating scheduled DPG(s):
	# of scheduled layers (in total)
	(# 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 states are required, 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. We can call this field as NR-PQI, and the single NR-PDCCH includes two NR-PQI fields, each per DPG, when up to 2-TRP NCJT is configured to the UE for example.
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 as mentioned above, an additional mapping information on each MCS field to DPG(s) is needed which is more elaborated in our companion contribution [1]. 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 when the total rank is greater or equal to 4.
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 [3] need to be thoroughly investigated. Therefore, it seems better to work through NR phase 2 in details. Regarding related FFS points, our preference is to agree that the maximum supported number of NR-PDCCHs/PDSCHs is 2, considering UE complexity on receiving such multiple NR-PDCCHs. 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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