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1. Introductions
In RAN #82 meeting, revised Rel-16 NR MIMO working item [1] was approved and the objectives of enhancements on multi-TRP/Panel transmission are as following:

	· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:

· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission

· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI


In RAN1 #95, the following agreements were achieved. 
	Agreement
Study for URLLC reliability/robustness enhancement with multi-TRP/panel/beam, including the case of ideal backhaul

· For PDSCH/PUSCH where the same TB is transmitted including
· #1: the number of TRP/panel/beams

· #2: Configuration/indication mechanism of TB repetition

· Other enhancements are not excluded.

· For PDCCH/PUCCH

· #1: the number of TRP/panel/beams

· #2: Repetition/Diversity of DCI/UCI
· Other enhancements are not excluded.
FFS: Non-ideal backhaul case


Currently, the discussion in RAN1 focus on single DCI cases. The PDSCH transmission schemes for down-selection is listed in the following：
	To facilitate further down-selection for one or more schemes in RAN1#96bis, schemes for multi-TRP based URLLC, scheduled by single DCI at least, are clarified as following: 

· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation 

· Scheme 1a:  

· Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s). 

· Single codeword with one RV is used across all spatial layers or layer sets. From the UE perspective, different coded bits are mapped to different layers or layer sets with the same mapping rule as in Rel-15. 

· Scheme 1b: 

· Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s).

· Single codeword with one RV is used for each spatial layer or layer set. The RVs corresponding to each spatial layer or layer set can be the same or different.

· FFS: codeword-to-layer mapping when total number of layers <= 4

· Scheme 1c: 

· One transmission occasion is one layer of the same TB with one DMRS port associated with multiple TCI state indices, or one layer of the same TB with multiple DMRS ports associated with multiple TCI state indices one by one.

· Applying different MCS/modulation orders for different layers or layer sets can be discussed.

· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation  

· Each non-overlapped frequency resource allocation is associated with one TCI state.

· Same single/multiple DMRS port(s) are associated with all non-overlapped frequency resource allocations.

· Scheme 2a: 

· Single codeword with one RV is used across full resource allocation. From UE perspective, the common RB mapping (codeword to layer mapping as in Rel-15) is applied across full resource allocation. 

· Scheme 2b: 

· Single codeword with one RV is used for each non-overlapped frequency resource allocation. The RVs corresponding to each non-overlapped frequency resource allocation can be the same or different.

· Applying different MCS/modulation orders for different non-overlapped frequency resource allocations can be discussed.

· Details of frequency resource allocation mechanism for FDM 2a/2b with regarding to allocation granularity, time domain allocation can be discussed. 

· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation 

· Each transmission occasion of the TB has one TCI and one RV with the time granularity of mini-slot. 

· All transmission occasion (s) within the slot use a common MCS with same single or multiple DMRS port(s).  

· RV/TCI state can be same or different among transmission occasions. 

· FFS channel estimation interpolation across mini-slots with the same TCI index

· Scheme 4 (TDM): n (n<=Nt2) TCI states with K (n<=K) different slots. 

· Each transmission occasion of the TB has one TCI and one RV.  

· All transmission occasion (s) across K slots use a common MCS with same single or multiple DMRS port(s) 

· RV/TCI state can be same or different among transmission occasions. 

· FFS channel estimation interpolation across slots with the same TCI index

· Note that M-TRP/panel based URLLC schemes shall be compared in terms of improved reliability, efficiency, and specification impact.

· Note: Support of number of layers per TRP may be discussed


In this paper we express our views on URLLC transmission with multi-TRP.
2. Scenarios for multi-TRP/Panel transmission

As agreed in the scope of the Rel-16 NR MIMO, the scenarios for discussion at least covers the following:

· Ideal back-haul targeting throughput enhancement
· Ideal back-haul targeting robustness, satisfying URLLC requirement

· Non-ideal back-haul targeting throughput enhancement

· Non-ideal back-haul targeting robustness, satisfying URLLC requirement
For non-ideal backhaul case, it is possible that the TRPs are connected to the central unit through front-haul, with PDCP at the central unit while the scheduler is residing at the distributed unit. The backhaul between CU and DU could be ideal, but it might be harder to maintain the ideal backhaul between distributed DUs. For URLLC transmission, due to the latency requirement, coordination between distributed DUs is limited. Both DL and UL transmission schemes to satisfy URLLC requirement under such non-ideal backhaul scenarios should also be satisfied.
3. URLLC Transmission Schemes
Transmission from multiple TRP could increase reliability for URLLC traffic. Currently, RAN1 discussion focuses on PDSCH enhancement.

Through previous discussion, URLLC transmission schemes could be divided into the following categories:

· PDCP duplication: 
· URLLC data packets are duplicated in different TRPs; 
· The duplication is invisible in PHY layer;

· Single DCI based approach

· PDCCH is typically transmitted from one TRP;

· PDSCH is transmitted from different TRPs;

· For PDSCH transmission, as in above descriptions of SDM/FDM/TDM, there are different views regarding whether to use the same MCS and the same number of RBs for FDRA;
· Multiple DCI based approach

· PDCCH(s) are transmitted from multiple TRPs;

· PDSCH(s) are transmitted from different TRPs;

· For two separately scheduled PDSCH from two different TRPs, the corresponding MCS and resource allocation would be flexible enough to be different;
Different solutions may be useful for different scenarios. 

For non-ideal backhaul scenarios, the two TRPs may not be able to coordinate with each other, we envision the possibility of higher layer duplication to increase the reliability. For example, PDCP layer is in the CU. Two duplicated PDCP packets could be transmitted to UE through DU1 and DU2 separately. The macro diversity could be achieved with such duplication. 
For ideal backhaul scenarios, both single DCI based approach and multiple DCI based approach could be used. For typical multi-TRP scenarios, MCS and RA from different TRPs should be different, which would leverage the most from macro diversity provided by multiple-TRP. However, further refining single PDCCH based schemes towards such direction would involve too much new design for PDCCH and may not be expertise for MIMO. The spec impact would be much less by enabling scheduling different PDSCH from different TRP through different PDCCH.
For ideal backhaul scenarios, there are several different multi-DCI based transmission schemes: 
· Two PDSCH could be soft combined:
· UE needs to know whether two simultaneously scheduled PDSCHs are for the same TB
· This could be achieved by scheduling with the same HARQ process ID;
· Specific DCI field could also be used to indicate whether another PDSCH is scheduled or not;
· UE may choose to combine or not to combine the PDSCHs
· There are implementations that PDSCH decoding only depending on the scheduling DCI, which may choose not to combine the PDSCH, which implies that UE needs to have all the information for decoding in the scheduling DCI;

· For the UEs that do not combine the PDSCH, the PUCCH A/N may still need to be combined;
· Two PDSCH are independently decoded

· The decoded TBs are handed to the higher layer separately; 
· UE does not need to know two PDSCH are the same TB or not;
· There might be higher layer impact, depending on which layer UE needs to know the two packets are the same.

Multi-DCI based eMBB transmission schemes are already supported. Based on the supported eMBB schemes, the URLLC could be further studied with as few spec impact as possible.

Proposal 1: Multiple DCI based PDSCH repetition schemes should be enabled for multi-TRP based URLLC transmission.
· Further study the detailed repetition scheme based on multi-DCI eMBB transmission schemes.
4. Conclusion

In this contribution, we have the following proposals for multi-TRP based transmission schemes.

Proposal 1: Multiple DCI based PDSCH repetition schemes should be enabled for multi-TRP based URLLC transmission.
· Further study the detailed repetition scheme based on multi-DCI eMBB transmission schemes.
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