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1 Introduction
In RAN1#97 meeting [1], agreements were achieved as, 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Agreement 
Support following principles for DMRS port indication design for NCJT transmission based on single-PDCCH multi-TRP, at least for single front-load symbol and eMBB
· Antenna port field size is the same as Rel-15, at least for DCI format 1-1
· At least support following layer combinations from two TRPs indicated by antenna port field:
· 1+1, 1+2, 2+1, 2+2 for single CW and SU, at least for DCI format 1-1
· To be evaluated to determine whether introducing following design principles for DMRS entries in RAN1#98: 
· 1+3 and/or 3+1
· MU cases, i.e. between NCJT UE+NCJT UE and NCJT UE+S-TRP UE
· Two CWs for the case of total layers of NCJT reception more than 4
Agreement
For M-TRP based URLLC, support both 2a and 2b 
· Scheme 2a and 2b have separate UE capabilities.
· For scheme 2b, 
· Additional UE capability is specified to inform the gNB whether the UE can support CW soft combining 
· Support up to two-layer transmission 
· In the case of one layer, up to two CBs per CW 
· In the case of two layers, one CB per CW 
· FFS: Support of multi-DCI based FDM scheme with repetition (to be concluded in RAN1#98)
· FFS: Support of independent MCS selection for each TRP
Agreement
For single-DCI based M-TRP URLLC schemes 3 & 4, support following design with respect to 
· The maximal number of transmission layers per transmission occasion, down-select one from the following options:
· Option 1: up to single layer transmission 
· Option 2: up to two layers transmission 
· PDSCH repetition indication mechanism:
· Number of repetitions, down-select one from following options:
· Option 1: Dynamic indication
· Option 2: High-layer configured as Rel-15 
And email discussion achieved as
Email discussion to finalize the details of different alternatives on URLLC for M-TRP. Use the following as starting point for discussion - by 7th of June.
· For single-DCI based M-TRP URLLC schemes 3 & 4, support following design with respect to 
· Resource allocation in time domain: 
· FFS for further details 
· FFS: whether a minimal gap between PDSCH mini-slot/slot groups is needed
· FFS: whether the same number of symbols should be used for each repetition
· Resource allocation at frequency domain: 
· Same frequency domain resource allocation across repetitions as Rel-15 
· For the number of TCI states across PDSCH repetitions, down-select one from following options: 
· Option 1: up to 2  
· One TCI codepoint can indicate up to 2 TCI states as already agreed in Rel-16 for eMBB
· Option 2: up to 4 
· Option 2-1: One TCI codepoint can indicate up to 4 TCI states 
· Option 2-2: Dedicated TCI field is not needed. 
· For example, TCI states and RV sequences are jointly preconfigured and the combination of TCI states/RV sequences is jointly indicated in DCI. 
· One codepoint in joint field to indicate up to 4 TCI states and corresponding RV sequences.
· RV sequences for PDSCH repetitions 
· Option 1: support Rel-15 RV sequences at least 
· FFS whether RV sequences {0, 0, 0, 0} and {0, 3, 0, 3} are needed in Rel-16
· Option 2: RV sequences are preconfigured by higher layer without restriction of specific orders in spec. 
· FFS how to map indicated TCI states and RV sequences to transmission  occasions 
· Eg. Support Rel-15 RV sequence per TRP
· LDPC base graph and TBS shall be same across repetition. 
In this contribution, we provided our views on multi-TRP/panel transmission.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
2.1 Single-DCI based multi-TRP transmission
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 CSI measurement and feedback enhancement
Typically, for single PDCCH scheduling, the backhaul should be ideal or with very small delay. And considering the varied propagation environment, dynamic switching between single-TRP and multi-TRP based transmission should be supported.
To reduce the scheduling delay and achieve the dynamic switching, the CSI measurement and feedback should be enhanced to support both single-TRP and multi-TRP based transmission. For the case of single PDSCH from different TRPs, joint CSI calculation based on two TRPs should be supported. And the CSI should include number of layers per TRP, i.e. RI1 and RI2. If the transmission is single-TRP based, either RI1 or RI2 is 0. 
Proposal 6: Enhancement on CSI measurement and feedback for dynamic switching between single-TRP and multi-TRP transmission should be supported. 
Furthermore, among the possible values of RI1 and RI2, some values are impossible under the restriction of maximum number of layers and codewords supported for one UE. In addition, considering the typical case for multi-TRP transmission, the two links should be matched, for example, it’s corner case of RI=1 and RI2=5. Based on this, the overhead reduction for joint RI report can be considered.
Proposal 7: Overhead reduction for joint RI feedback can be studied for the typical cases.
In addition, for multi-TRP transmission, CSI-RS resource(s) should be transmitted from multiple TRPs, and the interference between the TRPs should also be considered. Taking two TRP for example, if one CSI-RS is transmitted from one TRP-1, and the CSI-RS is configured for channel measurement for this TRP. From the perspective of other TRPs, this CSI-RS can be regarded as interference. That is to say, this CSI-RS can be measured for both channel measurement (for TRP-1) and interference measurement (for other TRPs). Of course, if different QCL parameters are configured for different TRPs, the QCL parameters for channel measurement and interference measurement should be one to one correspondence. In this case, for the channel measurement on CSI-RS for TRP-1, the QCL should be QCL parameters configured for TRP-1, and for the interference measurement on this CSI-RS for other TRPs, the QCL should be QCL parameters configured for other TRPs. Based on this, resources for channel measurement and interference measurement for multi-TRP transmission can be reduced.
Proposal 8: For multi-TRP/panel transmission, inter-TRP/panel interference measurement can be based on CSI-RS resource(s) configured for channel measurement for other TRPs.
2.3 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 9: Multiple TA should be supported for uplink transmission based on multi-TRP.
2.4 Reliability enhancement for URLLC
For single-DCI based M-TRP URLLC transmission, schemes with SDM, TDM and FDM are agreed, to achieve more flexibility, dynamic switching between different schemes should be considered. As the propagation environment varies, the number of repetitions should also be dynamic indicated. Furthermore, dynamic switching between single-TRP and multi-TRP based repetitions should be supported, as one of the link may be getting worse, so we propose that:
Proposal 10: Dynamic indication of repetition number, transmission schemes should be supported.
In Rel-15, only 1 layer for slot aggregation is supported. While to consider multiple traffic services and requirement, up to 2 layers transmission should be supported. 
And with the limited maximum transmission layers, the available number of indications of DMRS ports for repetition are much less than legacy DMRS table. New DMRS table design can be considered, and the dynamic indication of repetition number can be included in the new table.
Proposal 11: Up to 2 layers should be supported for scheme 3&4. And new DMRS table can be designed to include dynamic indication of repetition number.
As the repetitions are across different TRPs, the time interval for beam switching should be considered, to reduce the overhead, repetitions based on same TCI state should be transmitted closely. Taking 4 repetitions with 2 TCI states for example, each TCI state associated with two repetitions, and if the repetitions with same TCI states are transmitted closely, the repetitions can be adjacently without gap for beam switching, as shown in Fig. 1.


Fig.1: Example for 4 repetitions with two TCI states
In addition, based on the structure as shown in Fig.1, channel estimation interpolation between repetitions with same TCI state can be achieved, and referring to the time domain DMRS position in Rel-15, there may be no need of DMRS in each repetition, especially in case of 2 or 3 symbols for each repetition with Scheme 3, as shown in Fig.2.


Fig.2: Example for 4 repetitions with two TCI states
Proposal 12: Repetitions with same TCI state should be transmitted closely, and the DMRS overhead can be reduced with channel estimation interpolation across repetitions. 
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: Enhancement on CSI measurement and feedback for dynamic switching between single-TRP and multi-TRP transmission should be supported. 
Proposal 7: Overhead reduction for joint RI feedback can be studied for the typical cases.
Proposal 8: For multi-TRP/panel transmission, inter-TRP/panel interference measurement can be based on CSI-RS resource(s) configured for channel measurement for other TRPs.
Proposal 9: Multiple TA should be supported for uplink transmission based on multi-TRP.
Proposal 10: Dynamic indication of repetition number, transmission schemes should be supported.
Proposal 11: Up to 2 layers should be supported for scheme 3&4. And new DMRS table can be designed to include dynamic indication of repetition number.
Proposal 12: Repetitions with same TCI state should be transmitted closely, and the DMRS overhead can be reduced with channel estimation interpolation across repetitions. 
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