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Introduction
RAN#86 has agreed to have the following objectives for enhancements on multi-TRP/panel transmission [1]:
	[bookmark: _GoBack]Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. [bookmark: OLE_LINK6][bookmark: OLE_LINK7]Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework



This contribution provides our views on the first topic which involving PDCCH enhancement, PUCCH enhancement, and PUSCH enhancement. 

Discussion
PDCCH enhancement
In Rel-16 PDSCH enhancement for multi-TRP has been supported, where SDM, FDM and TDM schemes are supported. By leveraging spatial diversity, the system performance could be improved, especially for FR2 when one link is blocked. Likewise, at least for FR2, given that blocking issue, the enhancement on reliability of PDCCH should be considered. In general, there are following options:
· Option 1: One DCI is carried by one PDCCH in SFN way from multiple TRPs;
· Option 2: One DCI is carried by multiple PDCCH repetition across multi-TRPs;
· Option 3: One DCI is carried by one PDCCH with REG bundle cycling;
In some degree, all of options could increase the robustness and reliability of PDCCH. However, on one hand, some enhancement schemes, e.g., option 2, could increase UE PDCCH detection complexity. On the other hand, the performance gain is not clear. Thus, we have the following proposal:
Proposal 1: For PDCCH enhancement across multi-TRP, further study and evaluation are needed.
PUSCH enhancement
· PUSCH candidate scheme
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In Rel-15/16, for FR2, the UE could not support simultaneous multiple panels transmission, thus, we suggest that PUSCH repetition across multi-TRP in time domain should be prioritized.
Proposal 2:  For multi-TRP operation, PUSCH repetition in time domain should be prioritized.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Rel-16 has supported two PUSCH repetition schemes: PUSCH repetition type A and PUSCH repetition type B. From the perspective of time domain resource allocation, for PUSCH repetition type A, the same resource allocation is used in consecutive slots. For PUSCH repetition type B, the “time domain resource assignment” field in DCI indicates the resource for the first nominal transmission. The time domain resources for the remaining PUSCH repetitions are derived based on the resource for the first nominal repetition. One nominal transmission should be split into multiple actual PUSCH transmissions when encountering semi-static DL symbols or slot boundary or invalid symbols. In our opinion, it is natural to apply the PUSCH repetition mapping type A and mapping type B as the starting point for multiple TRPs. Thus, we have the following proposal:
Proposal 3:  The extension of R16 PUSCH repetition schemes to multi-TRP scenario should be as the starting point.
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]Option-5 proposed in Rel-16 eURLLC can support both multi-segmentation and mini-slot repetition. The number of the repetitions signaled by gNB represents the nominal number of repetitions. The time domain resource assignment (TDRA) and the number of repetitions K are used together to determine the overall resources for all the repetitions (L*K). If the overall resources go across the slot boundary or DL/UL switching point, one repetition is transmitted in each UL period in a slot. Otherwise, the nominal number of repetitions are transmitted, and each repetition is with the transmission duration indicated in the TDRA. For example in figure 1, when the indicated length L=5 and repetition number K=3, the whole PUSCH crosses a slot boundary, so the mini-slot PUSCH repetition is not supported. Two actual PUSCH repetitions are transmitted in each UL period of two slots respectively. On the one hand, option-5 may bring latency issue for configured grant PUSCH comparing with PUSCH repetition type B because that mini-slot repetition can not be supported when the overall resource crossing the slot boundary or DL/UL switching point. On the other hand, the actual number of repetitions can be smaller than the nominal number of repetitions, which may bring lower soft combing gain comparing with PUSCH repetition type B. Above are the major drawbacks of option-5. In some degree, comparing with PUSCH repetition type B, option-5 can lower the code rate because it can avoid too many segmentations when the whole PUSCH repetition crossing the slot boundary/UL period. This may be beneficial to multi-TRP scenario since multi-TRP is mainly used for cell-edge UEs. Thus, from the perspective of coding rate, we suggest that option-5 could be considered for multi-TRP scenario.


Figure 1: option5 PUSCH repetition 
[bookmark: OLE_LINK5][bookmark: OLE_LINK10]Proposal 4: option-5 proposed in Rel-16 eURLLC could be considered for multi-TRP scenario. 

· PUSCH beam diversity 
For PUSCH beam diversity, in generalwe can inherit mechanism of Rel-16 PDSCH as much as possible.
For PDSCH repetition, two TCI states are indicated in a DCI. Similarly, for PUSCH, two spatial relations should also be indicated in the DCI. 
Regarding the association between spatial relation and transmission occasion, for PUSCH repetition type A, there is only one PUSCH occasion in each slot and each spatial relation can be applied to each PUSCH occasion, which is naturally similar to R16 PDSCH. For PUSCH repetition type B, in general, there are two options:
· [bookmark: OLE_LINK2][bookmark: OLE_LINK3]Option 1: each spatial relation applied to each actual PUSCH transmission;
· Option 2: each spatial relation applied to each nominal PUSCH transmission
For option 1, UE may need to switch the Tx beam frequently, as the example in figure 2, where the second nominal PUSCH is split into 3 actual PUSCH repetitions. For option 2, it can avoid constantly switching the Tx beam. In general, both of the two options can work, we suggest to support at least one of the two options for PUSCH repetition type B. 


Figure 2: association between spatial relation and transmission 
Regarding the mapping order of two TCI states, in Rel-16 PDSCH, if the repetition number is two, the first TCI state is applied to the first PDSCH occasion and the second TCI state is applied to the second PDSCH occasion, respectively. If the repetition number is larger than two, the mapping order of TCI states should be based on high layer parameters: cyclicMapping or sequenticalMapping. For cyclical mapping, first and second TCI states are applied to the first and second PDSCH transmission occasions, respectively, The same TCI state mapping pattern continues to the remaining PDSCH transmission occasions. For sequential mapping, the first TCI states is applied to the first and second PDSCH occasion and the second TCI is applied to the third and fourth PDSCH occasion, respectively. The same TCI state mapping pattern continues to the remaining occasions. Similarly, for PUSCH, the mapping order mechanism can be reused, that is if the repetition number is two, two spatial relations can be applied to two PUSCH occasions respectively. Otherwise, the mapping order can be up to the high layer parameter.
Proposal 5: For PUSCH beam diversity enhancement of multi-TRP operation,
· Support at least one of the following options of the association between spatial relations and transmission occasion for PUSCH repetition type B:
· option1: each spatial relation applied to each actual PUSCH transmission
· option2: each spatial relation applied to each nominal PUSCH transmission
· Support both cyclical mapping order and sequential mapping order.

PUCCH enhancement
· PUCCH repetition scheme
Similar as PUSCH enhancement, PUCCH transmission can also be repeated across multiple TRPs to improve UL reliability. In Rel-15, multi-slot PUCCH repetition has been supported that the UE repeats the PUCCH transmission in consecutive slots with same resource allocation in each slot. It is natural to extend the multi-slot PUCCH repetitions with different beams in multi-TRP scenario. 
In Rel-16 eURLLC, sub-slot based HARQ-ACK transmission can be configured to reduce latency. Multiple PUCCHs with ACK/NACK feedback can be transmitted within one slot. In Rel-17, from the perspective of latency and reliability, sub-slot repetitions within a slot could be considered. This feature can be naturally combined with multi-TRP function to further obtain diversity gain. More specifically, a PUCCH can be repeated with different spatial relations in different sub-slots within a slot. The same time domain resource allocation can be used in each sub-slot. For example in figure 3, the PUCCH transmits in the first sub-slot of slot (according to the value of K1) for PDSCH1 feedback, then the UE can repeat the UCI in the following sub-slot with a different beam towards another TRP.


Figure 3: sub-slot PUCCH repetition 
This mechanism can improve the reliability of PUCCH transmission by applying PUCCH repetition across TRPs. On the other hand, it can also reduce the latency because the repeated PUCCHs are just within one slot. Thus, it is beneficial to support intra-slot PUCCH repetition for the multi-TRP operation.
Proposal 6: Support both intra-slot and inter-slot PUCCH repetition for multi-TRP operation.
· PUCCH beam diversity 
In Rel-15, each PUCCH resource can be configured with one spatial relation. Similar as the discussion on PUSCH repetition across TRPs, different spatial relations need to be indicated to a UE. In general, there are two options:
· option1: one PUCCH resource can be associated with two spatial relations;
· option2: A UE can be indicated with two PUCCH resources simultaneously, each with a different spatial relation information.
For option1, it may need some MAC CE enhancements to allow some PUCCH resources with two spatial relations. Once the UE is indicated with a certain PUCCH resource ID associated with two spatial relations, the UE needs to transmit the PUCCH to multiple TRPs.
For option2, one way is to increase the size of DCI to indicate another PUCCH resource, which may enlarge the size of DCI. The other way is to allow PRI field in DCI to indicate two PUCCH resources simultaneously, which will not change the DCI size, but a new MAC CE is desired.
Regarding the spatial relation mapping order for PUCCHs, we can reuse the mechanism of PUSCH that support both cyclical mapping and sequential mapping.
Proposal 7: For PUCCH beam diversity enhancement of multi-TRP operation, 
· Support at least one of the following options for PUCCH repetition with two different spatial relations.
· option1: one PUCCH resource can be associated with two spatial relations
· oprion2: the UE can be indicated with two PUCCH resources simultaneously, each with a different spatial relation.
· Support both cyclical mapping order and sequential mapping order.

Conclusion 
In this contribution, we provide our opinions on further enhancements on multi-TRP/panel transmission for URLLC . Based on the discussions, we have the following observations and proposals:
Proposal 1: For PDCCH enhancement across multi-TRP, further study and evaluation are needed.
Proposal 2:  For multi-TRP operation, PUSCH repetition in time domain should be prioritized.
Proposal 3:  The extension of R16 PUSCH repetition scheme to multi-TRP scenario should be as the starting point.
Proposal 4: option-5 proposed in Rel-16 eURLLC could be considered for multi-TRP scenario.
Proposal 5: For PUSCH beam diversity enhancement of multi-TRP operation, 
· Support at least one of the following options of the association between spatial relations and transmission occasion for PUSCH repetition type B:
· option1: each spatial relation applied to each actual PUSCH transmission
· option2: each spatial relation applied to each nominal PUSCH transmission
· Support both cyclical mapping order and sequential mapping order.
Proposal 6: Support both intra-slot and inter-slot PUCCH repetition for multi-TRP operation.
Proposal 7: For PUCCH beam diversity enhancement of multi-TRP operation, 
· Support at least one of the following options for PUCCH repetition with two different spatial relations.
· option1: one PUCCH resource can be associated with two spatial relations
· oprion2: the UE can be indicated with two PUCCH resources simultaneously, each with different spatial relation.
· Support both cyclical mapping order and sequential mapping order.
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