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1 Introduction
[bookmark: OLE_LINK64][bookmark: OLE_LINK65]In RAN1#97 meeting [1], the following agreements were achieved:
· For joint A/N feedback by M-DCI, for both semi-static and dynamic A/N codebooks, studying following aspects:
· HARQ-ACK bit multiplexing: e.g. HARQ-ACK bits for TRP-0 and TRP-1 are concatenated by the increasing order of configured higher layer signaling indices of CORESETs,  or HARQ-ACK from TRP-0 and TRP-1 are interlaced across different CCs
· PUCCH resource determination: e.g. how the last DCI is determined at the UE
· DAI: e.g. DAI is applied per TRP or cross two TRP for dynamic A/N codebook
· 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 of the signaling, e.g. starting from the signaling mechanism of slot aggregation in Rel-15
· FFS: whether a minimal gap between PDSCH mini-slot/slot groups is needed
· FFS: whether the same number of symbols should be indicated for each repetition
· FFS: whether/how to handle the time domain resource allocation considering  slot boundary or DL/UL switch in a slot
· 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: New field in DCI (or reuse one or more existing fields in DCI) for indication. 
· 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 is 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 additional RV sequence(s), e.g {0,0,0,0}, {0,3,0,3},{0,3,2,1}, is needed, and whether/how a RV sequence applied to the UE is per TRP
· Option 2: RV sequences are preconfigured by higher layer without restriction of specific orders in spec.
· How to map RVs in RV sequences and indicated TCI states to transmission occasions taking into account 
· whether the number of transmission occasions is dynamically indicated or higher layer configured.
· whether the selected RV sequence depends on the number of TCI state(s) indicated in the codepoint.  
· whether channel estimation interpolation across mini-slots/slot with the same TCI index
· LDPC base graph and TBS shall be same across repetition. 
This contribution is focused on the multi-TRP operation.
2 Multiple-PDCCH based multi-TRP
2.1. PUCCH for ACK/NACK
In previous meeting, joint PUCCH is supported for M-DCI based M-TRP transmission. In Rel-15, the ACK-NACK PUCCH resource in a slot is determined based on the last detected DCI, and the detected DCIs are first indexed in an ascending order across serving cells indexes for a same PDCCH monitoring occasion and are then indexed in an ascending order across PDCCH monitoring occasion indexes. In Rel-16 M-TRP, multiple DCIs may be transmitted from different TRPs on the same PDCCH monitoring occasion of one cell. In order to differentiate the last DCI among different TRPs for determining the joint PUCCH, one way is to order the last DCI with a TRP index. The TRP index may be a CORESET group index, if configured. 
Proposal 1: Support determining the last DCI based on a lower TRP index, if configured.
2.2. Issues related to M-DCI collisions
For multi-PDCCH based multi-TRP transmission, there are a set of collision issues pending to be solved at least under non-ideal backhaul. To list a few,
1) PUCCH collision within and across TRPs.
2) PUCCH and PUSCH collision between TRPs.
3) DL/UL collision on flexible symbols of a slot format.
4) UL/SUL collision in DCI indication.
For 1), if PUCCH collision within a TRP, it is recommended to reuse Rel.15 UCI multiplexing/dropping procedure per TRP. The remaining issue is PUCCH collision across TRPs. If TDM is strictly supported to A/N payload for PUCCHs from different TRPs, this may not be an issue for A/N. But considering the periodic CSI PUCCHs are not associated with any CORESET of TRPs, overlapping PUCCHs still needs to be solved.
For 2), if there are a PUCCH to one TRP and another PUSCH to the other TRP, the solution should depend on whether PUSCH carries UCI or not. One case is that the PUCCH is colliding with a PUSCH multiplexed with UCI. Another case is that the PUCCH is colliding with a PUSCH only. The handling of the two cases may be different. For example, PUSCH with UCI may be prioritized over PUCCH, while PUCCH may be prioritized over PUSCH only.
For 3), according to Rel.15, flexible symbols can be either downlink or uplink symbols based on DCI indication. Under non-ideal backhaul, one DCI can indicate a DL while the other DCI can indicate a UL on flexible symbols, since the DCI is dynamically indicated and two TRPs are not able to coordinate with each other. 
[image: ]
Figure 1 DL/UL collision for multi-DCI based multi-TRP transmission
As shown in the figure, DL can be A-CSI or PDSCH, and UL can be A-SRS or PUCCH or PUSCH. Collision rules or clarifications on these collisions have to be made.
For 4), each DCI can select either UL or SUL dynamically. The DCIs from different TRPs with UL/SUL indicators may collide with each other. So clarifications are needed to solve the issue.
Proposal 2: Make rules or clarifications to solve the collisions 1)-4) due to multi-DCI indication for multi-TRP transmission under non-ideal backhaul.
3 Multi-TRP for URLLC
For multi-TRP specification support for URLLC, Scheme 1a/2/3/4 have been agreed. For Scheme 3, intra-slot PDSCH repetition is supported. In FR2, the beam switching time may be required for the UE to switch onto a new beam to receive a different PDSCH repetition. Therefore, the time gap should be supported between PDSCH repetitions. However, for FR1, the motivation for such a gap is not clear. 
Proposal 3: Support a pre-defined gap between PDSCH repetitions for Scheme 3 URLLC transmission at least for FR2.
Scheme 2b and 3 can be implemented by indicating one MCS/RV and one FDRA. Then the one MCS is applied to both two TBs from different TRPs. For Scheme 2b, the one FDRA equally split into two subset of RBs for different TRPs. For scheme 3, the one FDRA is applied to different repetitions. This is a very simple DCI design. For both Scheme 2b and 3, although one RV is indicated, the two TBs can have different actual RV in Scheme 2b and 3. That is, one TB can derive its RV from another TB. For example, if the RV is indicated 0, then the first TB using 0 and the second TB may use 2; if the RV is indicated 1, then the first TB using 1 and the second TB may use 3; if the RV is indicated 2, then the first TB using 2 and the second TB may use 0; if the RV is indicated 3, then the first TB using 3 and the second TB may use 1. Alternatively, one code point of the RV field may correspond to a set of two RV values configured by the RRC. One benefits of two RVs instead of one RV is that UE may try to decode the first TB, and avoid decoding the second one if the first TB is successfully decoded. This is very likely to happen in URLLC, not only for fast decoding but also for saving UE hardware.
Proposal 4: Support scheme 2b and 3 with one separate RV for each TB repetition for single-PDCCH based multi-TRP URLLC transmission.
4 Conclusion
This contribution provided our proposals for multi-TRP transmission for NR. And particularly, there are:
Proposal 1: Support determining the last DCI based on a lower TRP index.
Proposal 2: Make rules or clarifications to solve the collisions 1)-4) due to multi-DCI indication for multi-TRP transmission under non-ideal backhaul.
Proposal 3: Support a pre-defined gap between PDSCH repetitions for Scheme 3 URLLC transmission at least for FR2.
Proposal 4: Support scheme 2b and 3 with one separate RV for each TB repetition for single-PDCCH based multi-TRP URLLC transmission.
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