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1 Introduction
[bookmark: OLE_LINK64][bookmark: OLE_LINK65]In RAN1#96 meeting [1], the following agreements were achieved:
· For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, 
· PUCCH resources conveying ACK/NACK feedback can be TDM with separated HARQ-ACK codebook. 
· FFS TDM within a slot 
· FFS: the format of PUCCH from multiple TRP shall be same or different 
· For issues related to PUCCH resources, study including: 
· FFS: if PUCCH resources conveying ACK/NACK feedback are overlapped at time, whether predefined dropping rule is needed to drop ACK/NACK feedback.
· FFS: how to handle ACK/NACK overlapping with CSI reporting for different TRPs 
· FFS: how to handle PUCCH overlapping with PUSCH at the time domain for different TRPs
· FFS: whether the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources, and associated details of configurations/indication/UE capability.
· 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

Also, agreement on single PDCCH based multi-TRP/panel transmission was achieved as, 
· For TCI state configuration in order to enable one or two TCI states per a TCI code point,
· MAC-CE enhancement to map one or two TCI states for a TCI code point where further detailed design is determined in RAN2.
FFS whether increasing the number of bits of TCI field in DCI

This contribution is focused on the multi-TRP operation.
2 Multiple-PDCCH based multi-TRP
It is agreed to support TDM PUCCH for the separate A/N feedback for each TRP. However, TDM between slots have additional restriction on configuration and indication, and may result in additional delay. TDM within a slot can lose some coverage in uplink due to a reduced time duration. Moreover, the PUCCH for CSI reporting has not been decided to be TDM or not. To solve these issues, there are two other options to be considered:
1) FDM for PUCCH: Considering the two FDM PUCCHs are not always transmitted simultaneously in one slot, i.e., in most times only one PUCCH is transmitted, the coverage issue can be alleviated largely. Moreover, FDM PUCCHs have more flexibility in time duration and capacity to support various UCI types and dynamic payload sizes, such as CSI reporting. 
2) One joint PUCCH for multi-TRP: joint PUCCH can be semi-statically configured for semi-static A/N codebook, as well as P/SP CSI report. There is no coverage issue since one PUCCH is supported in one slot. 
In FR2, FDM may be configured with two QCL-type D each for a different TRP. It may require a UE capability to support simultaneous transmission of FDM PUCCHs. 
Proposal 1: Support FDM PUCCHs or one joint PUCCH for multi-DCI based multi-TRP transmission.
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. 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 CSI reporting, overlapping PUCCHs may be more beneficial, since it is more flexible to support carrier aggregation where the payload of CSI reporting on PUCCH is very dynamic.
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. 
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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. Similar to the discussion in the slot format collision under HDD CA, a reference slot format based one specific TRP may need to be defined.
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, four options are discussed, which are basically 1) SDM; 2) FDM; 3) TDM within a slot; 4) TDM with slots.
For the design of URLLC services, the reliability and latency should be the two most important factors to be considered. Observing all the four schemes, scheme 1 may experience inter-TB interference, and scheme 3/4 may have a larger latency. Clearly, scheme 2 can achieve the minimum latency as well as the highest reliability. Therefore, it is beneficial to support scheme 2 for multi-TRP URLLC transmission. 
Proposal 3: At least support FDM for single-PDCCH based multi-TRP URLLC transmission.
FDM scheme can be implemented by indicating one MCS/RV and one FDRA. Then the one MCS is applied to both two TBs from different TRPs, and the one FDRA equally split into two subset of RBs for different TRPs. This scheme is very simple in the DCI design. Although one RV is indicated, the two TBs can have different actual RV. 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. 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 with one RV for each TB repetition for single-PDCCH based multi-TRP URLLC transmission.
Further, to achieve a better SE and reliability for scheme 2b, two MCS fields can be configured in a single DCI. In one MCS scheme, the TBs from different TRPs are with equal FDRA and the same MCS. Apparently, the channel qualities from two TRPs are not always equal. Note, diversity techniques function the best for equal channel qualities, and degrades as the channel qualities become unequal. To guarantee the URLLC service, the gNB has to sacrifice the SE for one TRP. Even so, the BLER is unequally distributed for two TBs of two TRPs, which is unfavourable in channel decoding and in which case interleaving between two TRPs may be better to have for improving efficiency. One may argue that two MCS fields in one DCI is more like a multi-DCI approach. This argument is quite misleading. So far, the multi-DCI based scheme for URLLC has not been agreed. The motivation of multi-DCI based scheme for URLLC TB repetition has to be clarified, since multi-TRP URLLC mainly targets for ideal backhaul cases. Even if it is supported, there are several other issues to be addressed. 
For example, currently, at least for EMBB, both single DCI and multi-DCI based approaches have been supported, and the DCI fields are configurable. It has been agreed that the DCI fields for URLLC are configurable in the SI of Rel.16 as well. In that sense, configuring two MCS fields in one DCI is not precluded. Moreover, in Rel.15, the DCI fields as well as DCI format sizes for URLLC is reused from those for EMBB, with possible differentiation only by RNTI. Similar design logic may resume in Rel. 16, since the DCI formats and their sizes have not been decided yet. If so, URLLC DCI format size may have to be aligned with EMBB DCI in Rel.16. Given that a single DCI for EMBB is already supported for multi-TRP transmission, where two MCSs must be supported since there are two PDSCHs, it is not hard to align the DCI fields of single DCI based URRLC with the single DCI for EMBB by supporting two MCSs. Even if multi-DCI approach for URLLC is possible, the benefits of single DCI over multiple DCI can be still very clear in many aspects. For example, the number of blind detections can be reduced, the PDCCH blocking probability can be reduced, and the singling overhead of the payload for PDCCH can be reduced since there is only one FDRA or TDRA field needed.
One issue of two MCSs for FDM URLLC is how to determine the TBS since only one FDRA is indicated for two MCSs while the TBS should be the same for different TRPs. In our view, the TBS determination rule can reuse Rel.15 design, which does not need to be changed. That is, given a RA for one TRP, the TBS shall be determined based on Rel.15 rule. What needs to be specified is the FDRA splitting scheme, i.e., how a UE can split the FDRA for two TRPs. There may be a lot of feasible schemes. Here, to show the possibility, we provide just one example for the FDRA splitting. Assume the FDRA indicates a set of N RBs, which for simplicity are numbered from 1 to N in the RB set S={1,….N}. The UE has to split one subset with RB indices S1(x)={1,….x} and the other subset with RB indices S2(N-x)={x+1,…,N} by deciding a parameter x. Denote TBS1(x, MCS1) as the candidate TBS determined by the first subset S1(x) and the indicated first MCS(MCS1) for the first TRP, and TBS2(N-x, MCS2) as the candidate TBS by the second S2(N-x) and the indicated second MCS(MCS2) for the second TRP, both based on Rel.15 TBS determination rule. The target TBS is one of TBSs that can be supported in Rel.15, and the corresponding FDRA splitting (related to the parameter x) and can be simply found via the following method

Note that there is only one unique optimal FDRA splitting (by the value of x) and one unique optimal target TBS that can be found by UE, which means there is no ambiguity between gNB and UE for the target TBS and the FDRA splitting result. Moreover, the above method is rather simple, since some scalar operations are enough, and the UE does not need to actually search over all the possible FDRA splitting choices if considering TBS1 and TBS2 are respectively monotonically increasing and decreasing over x.
Proposal 5: Support two MCS for FDM in one singe DCI for TB repetition for URLLC.
4 Single-PDCCH based multi-TRP
4.1 Configuration of DMRS and QCL
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 6: 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 7: 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 8: 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 9: 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 10: 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. 
4.2 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 11: 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 12: 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.
5 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 13: Multiple TA should be supported for uplink transmission based on multi-TRP.

5 Conclusion
This contribution provided our proposals for multi-TRP transmission for NR. And particularly, there are:
Proposal 1: Support FDM PUCCHs or one joint PUCCH for multi-DCI based multi-TRP transmission.
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: At least support FDM for single-PDCCH based multi-TRP URLLC transmission.
Proposal 4: Support scheme 2b with one RV for each TB repetition for single-PDCCH based multi-TRP URLLC transmission.
Proposal 5: Support two MCS for FDM in one singe DCI for TB repetition for URLLC.
Proposal 6: Support dynamic switching between single-TRP and multi-TRP scheduling.
Proposal 7: 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 8: 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 9: 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 10: 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. 
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Proposal 12: 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.
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