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1 Introduction
In RAN1 AH meeting [1], agreements on multi-TRP/panel transmission were achieved as, 
Agreement
For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to X and also the total number of MIMO layers of scheduled PDSCHs is up to reported UE MIMO capability, if resource allocation of PDSCHs are overlapped.
· X=2
· FFS: X=3
Agreement
TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 
· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 
· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 
· FFS design for DMRS type 2
· FFS: TCI field in DCI, and associated MAC-CE signaling impact
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In this contribution, we provided our views on the multi-TRP/panel transmission.
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2.1 Configuration of DMRS and QCL
Considering multi-TRP transmission, the TRPs are usually geographically separated, leading to different transmission paths. Naturally, the signals from different TRPs are non-QCLed. On the other hand, to guarantee the orthogonality between DMRS ports multiplexed with CDM, these DMRS ports should be QCLed. Based on the non-QCLed DMRS ports from different TRPs, DMRS ports from different CDM groups should be indicated for the case of single NR-PDSCH with separate layers from separate TRPs, as shown in Figure 1. In addition, separate QCL parameters should be configured for the different DMRS port groups. This can be achieved by introducing one more TCI state in DCI or configuring two RS sets for one TCI state. 


Figure 1. Single PDSCH with separate layers from separate TRPs
For the case of single PDSCH from separate TRPs, there may be a case of the link from one TRP getting worse, and UE falls back to be served by single TRP. As the link changes dynamically, PDCCH should be designed to support the dynamic switching between multi-TRP and single-TRP transmission. On the other hand, to retain less complexity for UE detection, it’s better to reuse the current DCI format, and same payload size of PDCCH for multi-TRP and single-TRP transmission.
Proposal 1: Support dynamic switching between single-TRP and multi-TRP scheduling.
The links from different TRPs are usually different, while based on current spec, MCS is separately configured per codeword, so it’s better to allocate separate codewords for different TRPs. And also, if a UE is served by two TRPs, the UE is usually located at the boundary of the two TRPs, the total number of layers may not be too large. On this hand, supporting of two codewords with less than 4 layers is required.
In addition, based on the restriction of different CDM groups for DMRS ports from different TRPs, the number of port indications for multi-TRP is much less than that for single-TRP in current spec. Further overhead reduction may be achieved based on this. The reserved values for two codewords may be reused for indicating multi-TRP scheduling.
Furthermore, in the WID of MIMO enhancement, improved reliability and robustness is also proposed. One simple way is to reuse the SFN scheme for multi-TRP transmission, where single PDSCH with each layer is transmitted from all TRPs. While considering the high frequency band, impact of phase noise should be considered. In this case, spec-transparent manner is not suitable as the independent phase noises from different TRPs can not be estimated accurately based on SFN scheme. To achieve improved reliability and robustness, separate PTRS should be transmitted from different TRPs. Accordingly, separate DMRS ports with same transport block can be transmitted from different TRPs, and UE combines the data to achieve diversity gain.
Proposal 2: Enhancement on CW to layer mapping (2-4 layers) should be supported for multi-TRP transmission, and two CWs should be supported for 2-4 layers.
It was agreed that each TCI code point in a DCI can correspond to 1 or 2 TCI states. 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. Straightly, when 2 TCI states are activated, new DMRS tables should be applied.
Proposal 3: 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 can only correspond to the remaining one CDM group. 
Proposal 4: For both DMRS type 1 and type 2, when 2 TCI states are activated within a TCI code point, new DMRS tables should be designed. 
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 5: 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. 
2.2 CSI measurement and feedback enhancement
Considering the dynamic switching between single-TRP and multi-TRP transmission, the CSI measurement and feedback should be enhanced to support both cases. 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. While 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 6: Enhancement on CSI measurement and feedback for dynamic switching between single-TRP and multi-TRP transmission should be supported. And overhead reduction 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 7: 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 8: 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: Support dynamic switching between single-TRP and multi-TRP scheduling.
Proposal 2: Enhancement on CW to layer mapping (2-4 layers) should be supported for multi-TRP transmission, and two CWs should be supported for 2-4 layers.
Proposal 3: 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 can only correspond to the remaining one CDM group. 
Proposal 4: For both DMRS type 1 and type 2, when 2 TCI states are activated within a TCI code point, new DMRS tables should be designed. 
Proposal 5: 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 6: Enhancement on CSI measurement and feedback for dynamic switching between single-TRP and multi-TRP transmission should be supported. And overhead reduction can be studied for the typical cases.
Proposal 7: 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 8: Multiple TA should be supported for uplink transmission based on multi-TRP.
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