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1 Introduction
[bookmark: OLE_LINK64][bookmark: OLE_LINK65]In RAN1#AH1901 meeting [1], the following agreements were achieved:
· For multiple-PDCCH based multi-TRP/panel downlink transmission for eMBB, 
· Separate ACK/NACK payload/feedback for received PDSCHs is supported
· FFS: Details on PUCCH carrying separate ACK/NACK payload/feedback
· FFS: Whether to additionally support joint ACK/NACK payload/feedback for received PDSCHs
· For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, down-select one alternative from following in RAN1 96 
· Alt 1: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 2:  the UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 
· The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full/partially overlapping PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
Other restrictions are not excluded, for example BWP switching
· For multi-TRP specification support for URLLC, support at least one of following schemes for transmitting the same transport block from multiple TRPs. Study following schemes for further down-selection for one or more schemes in next meetings
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 
· For further study:
· Details on restriction related to MCS, modulation order for PDSCHs from different TRPs w.r.t. schemes 1 to 4.
· Whether to support mini-slot PDSCH repetitions 
· Signalling mechanism 
· Companies to consider how the schemes apply for FR1 and FR2
· Whether the number of repetitions can be larger than the number of TCI states (n)
· Further clarification for each scheme can be elaborated in RAN1 96 
· Baseline scheme in addition to Rel-15 single-TRP scheme for evaluations
· SFN transmission based on Rel-15 from multi-TRP with single TCI state
· Companies to provide details on assumption on time/frequency synchronization and TRS transmission across TRPs
· Note that supporting multiple schemes in Rel-16 is not excluded.  
· Note that control signalling mechanism for PDSCH reliability/robustness enhancement schemes can be discussed separately.
This contribution is focused on the multi-TRP operation.
2 Multiple-PDCCH based multi-TRP
It has been agreed that separate ACK/NACK payload/feedback is applied for received PDSCHs. One simple way to achieve this is to use separate PUCCH per TRP to carry separate ACK/NACK payload. Each PDCCH from one TRP assigns an independent ACK/NACK resource indicator along with the scheduled PDSCH. The ACK/NACK bits corresponding to the same TRP are sent via a separate ACK/NACK codebook on the PUCCH corresponding to that specific TRP. This scheme can work under both ideal backhaul and non-ideal backhaul scenarios. 
The PUCCH resources available for each TRP can be RRC configured. Particularly, RRC can configure one set of PUCCH resources for each TRP. In one slot, the PUCCHs for different TRP can be FDMed, TDMed, and SDMed.
Proposal 1: Support multiple PUCCH for the ACK/NACK payload of multiple-PDCCH based multi-TRP, where each PUCCH carries ACK/NACK payload for one specific TRP.
For eMBB with non-ideal backhaul, several schemes of PDSCH scheduling has been discussed in last meeting. Under non-ideal backhaul, restricting the scheduled PDSCHs to be non-overlapped can lose too much scheduling flexibility, which is against the motivation for multi-TRP transmission. Therefore, it is more beneficial to support overlapped PDSCH scheduling, either fully or partially overlapped. To enable a better channel estimation for interference coordination between multiple TRPs, it may be beneficial to restrict the DMRS configurations, especially regarding DMRS locations. Such restrictions are RRC configured. 
Proposal 2: Support full/partial/non-overlapped PDSCH scheduling, Alt1 or Alt3, for multiple-PDCCH based multi-TRP at least for non-ideal backhaul.
3 Multi-TRP for URLLC
For multi-TRP specification support for URLLC, four options are discussed, which is analysed below.
· Scheme 1 SDM: Basically, the spatial diversity from different TRPs can be exploited by the scheme. Moreover, different RVs can be assigned to the PDSCH from different TRPs, which can further improve the reliability. However, if fully overlapped scheduling is supported, MCS for two TRPs have to be the same, which means one PDSCH can be with improper MCS and lower down the reliability.  Moreover, the support of frequency diversity is limited, since the TRPs should be supported with fully overlapped resources.
· Scheme 2 FDM: Basically, the spatial diversity from different TRPs can be exploited by the scheme. Moreover, different RVs and MCSs can be assigned to the PDSCH from different TRPs, which also exploit the frequency diversity for each TRP. The DCI size can be large if not optimized.
· Scheme 3 TDM within a slot: Basically, the spatial diversity from different TRPs can be exploited by the scheme. Moreover, different RVs and MCSs can be assigned to the PDSCH from different TRPs, which can further improve the reliability. The support of time diversity may be limited, since the PDSCHs are confined within one slot.
· [bookmark: _GoBack]Scheme 4 TDM among slots: Basically, the spatial diversity from different TRPs can be exploited by the scheme. Moreover, different RVs and MCSs can be assigned to the PDSCH from different TRPs, which can further improve the reliability. The support of time diversity can be better than TDM within a slot. But it may increase the latency, since it requires multi-slot operation.
For the design of URLLC services, the reliability and latency should be the two most important factors to be considered. Comparing the four schemes, scheme 1 and scheme 2 can have less latency, since the TB/PDSCH in each TRP can be transmitted simultaneously; scheme 2, 3 and 4 can have higher reliability, since scheme 1 may experience inter-TB interference. Therefore, it is benefit to support scheme 2 and scheme 3 for multi-TRP URLLC transmission.
Proposal 3: Support FDM scheduling (scheme 2) and TDM whining a slot scheduling (scheme 3) for multiple-PDCCH based multi-TRP at least for ideal backhaul.
For multiple TBs transmitted from different TRPs, different RVs can be configured to each TB. However, a coordination of RV assignment for TBs from different TRPs are necessary to improve the transmission reliability. Specifically, joint RV indication can be considered for multiple TBs. For example, for the 1st TB in the first TRP, the RV may be indicated sequentially as {0,2,3,1}, and for the 2nd TB in the second TRP, the RV may be indicated sequentially as {2,0,1,3}, which is complementary to the 1st TB for improving the reliability. 
Proposal 4: Support joint RV indication for multiple TBs from different TRPs.
4 Conclusion
This contribution provided our proposals for multi-TRP transmission for NR. And particularly, there are:
Proposal 1: Support multiple PUCCH for the ACK/NACK payload of multiple-PDCCH based multi-TRP, where each PUCCH carries ACK/NACK payload for one specific TRP.
Proposal 2: Support full/partial/non-overlapped PDSCH scheduling, Alt1 or Alt3, for multiple-PDCCH based multi-TRP at least for non-ideal backhaul.
Proposal 3: Support FDM scheduling (scheme 2) and TDM whining a slot scheduling (scheme 3) for multiple-PDCCH based multi-TRP at least for ideal backhaul.
Proposal 4: Support joint RV indication for multiple TBs from different TRPs.
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