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1 Introduction
In RAN1#96bis meeting[1], agreement on single PDCCH based multi-TRP/panel transmission was achieved as, 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Agreement 
Take into account following principles for single-PDCCH multi-TRP DMRS port indication:  
· Whether/how MU pairing cases between, e.g. UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP 2, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 1, is needed 
· Whether/how DMRS port indication using DMRS type 1 with 1 or 2 frontloaded symbols, and DMRS type 2 with 1 or 2 frontloaded symbols need to be enhanced
In this contribution, we provided our views on single PDCCH based multi-TRP/panel transmission.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
2.1 Configuration of DMRS and QCL
It was agreed that one TCI code point can include one or two TCI states, based on this structure, dynamic switching between single-TRP and multi-TRP transmission can be achieved. Two options for the DMRS indication enhancement were discussed, one is single DMRS table with additional indications based on Rel-15 DMRS configuration table, and the other is dynamic selection of legacy Rel-15 DMRS configuration table and new DMRS table associated with one or two TCI states respectively. 
In Rel-15 DMRS configuration table, only a few entries can be used for multi-TRP transmission, to achieve flexibility for multi-TRP transmission, more indications should be introduced. While on the other hand, there are limited reserved entries in Rel-15 DMRS table. So a new DMRS table with only DMRS configurations for multi-TRP transmission should be introduced, and we propose that
Proposal 1: Introduce a new DMRS table when two TCI states are mapped to one TCI code point.
It was agreed that when 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, this is applied at least for DMRS type 1. While for DMRS type 2, up to 3 CDM groups are supported, and each TCI state corresponds to one CDM group may not be sufficient. For example, for DMRS type 2 with one symbol, up to 6 ports are supported, and there is potential case of 2 ports from TRP1 with one TCI state, and 3 or 4 ports from TRP2 with the other TCI state, in this case, the latter TCI state should correspond to 2 CDM groups. So in our opinion, for DMRS type 2, similar scheme can be applied. 
Proposal 2: For DMRS type 2, when 2 TCI states are activated within a TCI code point, each TCI state corresponds to one or two CDM groups, and if one TCI state corresponds to two CDM groups, the other TCI state only corresponds to the remaining one CDM group. 
As agreed, when two TCI states are activated in one TCI code point, each TCI state will correspond to respective CDM group(s), taking totally 3 DMRS ports for example (DMRS ports 0, 1, 2), port 0 and port 1 may correspond to the first TCI state, and port 2 may correspond to the second TCI state. While there is also possible case of port 0 and port 1 corresponding to the second TCI state, and port 2 corresponding to the first TCI state. Dynamic swap of the two cases should be supported to cater for the varied propagation environment. While considering the limited number of TCI code points, and sufficient DMRS indication code points in DMRS table when multiple TCI states activated, supporting same DMRS port indices with different order is a better way, for example, TCI state A + B in one TCI code point, and DMRS indications  (0, 1, 2) and (2, 0, 1) are included in DMRS table to represent different correspondences to TCI states.
Proposal 3: In new DMRS tables, same DMRS port indices with different order should be included to support dynamic changing of correspondence between DMRS ports and TCI state. 
From UE perspective, for multi-TRP transmission, at least two DMRS CDM groups are allocate, e.g. CDM group 0 from TRP1 and CDM group 1 from TRP2, while from TRP perspective, maybe only one CDM group is configured. Taking TRP1 for example, CDM group 1 may still be available at the same time, and another UE can be co-scheduled. So we propose that:
Proposal 4: MU pairing cases for multi-TRP transmission should be supported, e.g. UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP 2, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 1, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 2 should be supported..
In Rel-15, co-scheduled information with number of CDM group without data can be configured to UE for better measurement. Similarly, for multi-TRP transmission with MU cases, the co-scheduled information can also be indicated to UEs. Taking DMRS type 1 for example, if UE1 is scheduled with CDM group 0 from TRP1 and CDM group 1 from TRP2, the number of CDM groups without data is still 2, but whether CDM group 0 from TRP2 and/or CDM group 1 from TRP1 is co-scheduled should be indicated. Taking DMRS type 1 with 1 FL symbol, and DMRS ports 0 and 2 allocated to one UE, the entries are shown in Table 1.
Table 1: Example for DMRS indication
	Number of DMRS CDM group(s) without data
	DMRS port(s)
	Number of front-load symbols
	CDM group 0 occupied for TRP2
	CDM group 1 occupied for TRP1

	2
	0; 2
	1
	No
	No

	2
	0; 2
	1
	Yes
	No

	2
	0; 2
	1
	No
	Yes

	2
	0; 2
	1
	Yes
	Yes


Considering the same DMRS table size with Rel-15 and limited entries useful for multi-TRP transmission, we can introduce more duplicates of entries to indicate the co-scheduled information under multi-TRP transmission.
Proposal 5: Additional entries should be introduced to indicate co-scheduled information for MU cases under multi-TRP transmission. 
2.2 Uplink transmission
For uplink transmission based on multi-TRP, at least dynamic switching between different TRPs should be supported. Non-codebook based transmission in Rel-15 can support this already, since higher layer parameter spatialRelationInfo is configured per SRS resource. While considering the different transmission path, the timing differences to different TRPs may be different. So independent TA for each TRP should be supported.
Proposal 6: Multiple TA should be supported for uplink transmission based on multi-TRP.
3 Conclusion
In this contribution, we provided our views on the multi-TRP transmission, and we proposed that:
Proposal 1: Introduce a new DMRS table when two TCI states are mapped to one TCI code point.
Proposal 2: For DMRS type 2, when 2 TCI states are activated within a TCI code point, each TCI state corresponds to one or two CDM groups, and if one TCI state corresponds to two CDM groups, the other TCI state only corresponds to the remaining one CDM group. 
Proposal 3: In new DMRS tables, same DMRS port indices with different order should be included to support dynamic changing of correspondence between DMRS ports and TCI state. 
Proposal 4: MU pairing cases for multi-TRP transmission should be supported, e.g. UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP 2, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 1, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 2 should be supported..
Proposal 5: Additional entries should be introduced to indicate co-scheduled information for MU cases under multi-TRP transmission. 
Proposal 6: Multiple TA should be supported for uplink transmission based on multi-TRP.
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