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1 Introduction
In RAN1#103e meeting [1], agreements for PDCCH, PUCCH and PUSCH enhancements based on multi-TRP were achieved as:
Agreement
For PDCCH reliability enhancements with non-SFN schemes, support at least Option 2 + Case 1.
· Maximum number of linked PDCCH candidates is two
· FFS: Details including how the two PDCCH candidates are counted toward the BD limits and impact on overbooking, if any
· Down-select at least one Alt from Alts 1-2 / 1-3 / 2 / 3
· FFS: Linking options such as a fixed rule based on the same PDCCH candidate index, based on start CCE, based on configuration, etc. 
· FFS: additional restriction to facilitate soft combining 
· FFS: implicit PUCCH resource determination for >8 PUCCH resources in the resource set, scheduling offset for “timeDurationForQCL”, Out-of-order / in-order definition for PDCCH-to-PDSCH and PDCCH-to-PUSCH, DAI for Type-2 codebook, Slot offset  for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, rate matching PDSCH around the scheduling DCI.
· FFS: whether and how to support for DCI format 2_x
Working Assumption
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).
Agreement
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, CCEs of the two PDCCH candidates are counted separately following Rel. 15/16 procedures. Further study the BD limit by considering the following
· With respect to the complexity associated with RE de-mapping / demodulation, 2 units are required
· With respect to the complexity associated with decoding, the following assumptions can be further discussed:
· Assumption 1: UE only decodes the combined candidate without decoding individual PDCCH candidates
· Assumption 2: UE decodes individual PDCCH candidates
· Assumption 3: UE decodes the first PDCCH candidate and the combined candidate
· Assumption 4: UE decodes each PDCCH candidate individually, and also decodes the combined candidate
· Note 1: The Assumptions 1-4 are for discussion purpose only, and they may or may not have specification impact.
· FFS: The relationship between UE capability, RRC configuration, and the BD limit, and whether the Assumptions 1-4 are relevant for this purpose.
· Note 2: the BD /CCE limit here is counted based on the configuration of PDCCH monitoring capability (e.g. per slot or per span).
Agreement
When DL DCI is transmitted via PDCCH repetition (Option2 + Case 1), for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight: 
· Alt 1: Ensure same start CCE index (based on linking options) and the same number of CCEs in the two CORESETs (based on CORESET configuration restriction)
· Alt 2: Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied
· FFS:  Which one of the linked PDCCH candidates is used.
· Alt 3: It is up to the UE to determine the PUCCH resource based on the starting CCE index and number of CCEs in the CORESET of any of the two linked PDCCH candidates
· Other alternatives are not precluded.
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For single DCI based M-TRP PUSCH repetition schemes, support codebook based PUSCH transmission with following enhancements. 
· Support the indication of two SRIs. 
· Alt1: Bit field of SRI shall be enhanced. 
· Alt2: No changes on SRI field 
· Support the indication of two TPMIs. 
· The same number of layers are applied for both TPMIs if two TPMIs are indicated
· The number of SRS ports between two TRPs should be same.
· FFS: Details on indicating two TPMIs (e.g, one TPMI field or two TPMI fields)
· Increase the maximum number of SRS resource sets to two
· FFS: configuration details of each SRS resource set (e.g., number of SRS resources in a resource set)
Agreement
For single DCI based M-TRP PUSCH repetition schemes, support non-codebook based PUSCH transmission with following considerations. 
· Increase the maximum number of SRS resource sets to two, and associated CSI-RS resource can be configured per SRS resource set. 
· FFS: Enhancements on SRI field in DCI to indicate the two beams for repetitions 
Agreement
For PUCCH multi-TRP enhancements in FR2, 
· Support separate power control parameters for different TRP via associating power control parameters via PUCCH spatial relation info. 
· Note: No spec impact.
· For per TRP closed-loop power control for PUCCH, further study the following alternatives considering TPC command when the “closedLoopIndex” values associated with the two PUCCH spatial relation info’s are not the same.  
· Option.1: A single TPC field is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams
· Option.2: A single TPC field is used in DCI formats 1_1 / 1_2, and the TPC value applied for one of two PUCCH beams at a slot. The TPC value may be applied for the other PUCCH beam at an another slot.
· Option 3: A second TPC field is added in DCI formats 1_1 / 1_2.
· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.
· FFS: Transition period for beam / power / frequency change. 
· FFS: Required power control enhancements for FR1
Agreement
For PUSCH multi-TRP enhancements, 
· For per TRP closed-loop power control for PUSCH, further study the following alternatives when the “closedLoopIndex” values are different.  
· Option.1: A single TPC field is used in DCI formats 0_1 / 0_2, and the TPC value applied for both PUSCH beams
· Option.2: A single TPC field is used in DCI formats 0_1 / 0_2, and the TPC value applied for one of two PUSCH beams at a slot. 
· Option 3: A second TPC field is added in DCI formats 0_1 / 0_2.
· Option 4: A single TPC field is used in DCI formats 0_1 / 0_2, and indicates two TPC values applied to two PUSCH beams, respectively.
· FFS: Transition period for beam / power / frequency change.
In this contribution, we provided our views on the enhancements on multi-TRP for PDCCH, PUCCH and PUSCH.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
In RAN1#103e meeting, options/alternatives for reliability and robustness improvement of PDCCH, PUCCH and PUSCH were listed, which provide good direction for further discussion. While there are further detailed points which should be studied to move forward. 
PDCCH
Regarding schemes of non-SFN based multi-TRP PDCCH reliability enhancements, at least repetition with two PDCCH candidates which have explicit linkage (i.e. Option 2 + Case 1) was agreed, and the two PDCCH candidates from two search space sets which associated with two CORESETs (i.e. Alt 3) was agreed as working assumption. Considering flexibility and spec impact, we think this single scheme is sufficient, there is no need to introduce more schemes, so firstly we propose to confirm the working assumption and focus on the combined scheme.
Proposal 1: For non-SFN based multi-TRP PDCCH, confirm the working assumption “For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs)”, and further discussion focused on Option2 + Case 1 + Alt3 is enough, there is no need to consider other options, cases or alternatives. 
As two PDCCH candidates each from one CORESET are used for PDCCH repetition, which correspond to same scheduling, one issue occurs as there are two sets of parameters each related to one PDCCH candidate, for example, regarding PUCCH resource determination for HARQ-Ack, there are two start CCE indices and two number of CCEs for the two PDCCH candidates, how to determine the single PUCCH resource should be designed, and several alternatives were listed in last meeting. For Alt 1, same start CCE index and same number of CCEs are restricted for the two PDCCH candidates, which will cause unnecessary scheduling restriction, it’s hard to restrict start CCE index same for PDCCH candidates. For Alt 3, UE can determine either one from the two values, in this case, actually two PUCCH resources are occupied, and network needs blind detection on both resources, which will cause unnecessary waste. For Alt 2, the value of start CCE index and number of CCEs from one PDCCH candidate is selected, in this case, there is no unnecessary restriction or waste. Furthermore, as the two PDCCH candidates are explicit linked, based on this unique condition, it’s straightforward and natural to define the value from one PDCCH candidate (for example, as the reference candidate) for PUCCH resource determination.
Proposal 2: For PUCCH resource determination, support Alt 2.
•	Alt 2: Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied 
In addition, there are several similar issues as PUCCH resource determination, which are also caused by the ambiguity between different parameters for the two PDCCH candidates. For example, scheduling offset for “timeDurationForQCL”, DAI for Type-2 codebook, Slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, and based on the explicit linkage between the two PDCCH candidates, similar solution can be applied, i.e. define a reference one from the two PDCCH candidates to solve the issues. Either the first one PDCCH candidate or the second one PDCCH candidate can be selected as the reference candidate, which can be determined based on the specific issues. 
Regarding DAI for Type-2 codebook, as the PDCCH payload is repeated in the two PDCCH candidates, so the values of the DAI field in the two candidate should be same, in this case, one of the DAI value may not be generated based on the counting or total value of PDCCH in that occasion. And based on definition of the reference candidate, the DAI value for the two PDCCH candidates can be generated based on the counting and total value for the reference PDCCH candidate, and the Type-2 HARQ-codebook generation is based on the DAI value and based on the PDCCH occasion which includes the reference PDCCH candidate.
In addition, the timing for CSI computation time and PUSCH preparation time is also needed to be clarified in case of two PDCCH candidates.
Proposal 3: At least for scheduling offset for “timeDurationForQCL”, DAI for Type-2 codebook, Slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, timing for CSI computation time and PUSCH preparation time, a reference candidate from the two PDCCH candidates can be defined, and parameters in the reference candidate will be used.
For non-SFN PDCCH transmission, UE assumption on decoding the two PDCCH candidates were listed, the two PDCCH candidates are explicitly linked, at least the combined candidate should be decoded. And jointly considering the TRP specific beam failure recovery procedure as discussed in agenda item 8.1.2.3, there may be impact on the UE behavior if one TRP failed. As discussed in our companion contribution [2], the UE behavior should be clarified, for example, whether the linked two PDCCH candidates fall back to single TRP transmission without linkage or just be dropped.  
Proposal 4: For UE decoding assumption, at least the combined candidate should be decoded (either one from assumption 1, 3 or 4). And UE behavior should be clarified based on joint consideration with TRP-specific beam failure recovery in agenda item 8.1.2.3.
PUSCH
For single DCI based M-TRP PUSCH repetition schemes, both codebook and non-codebook based PUSCH transmission are agreed.
Regarding codebook based PUSCH transmission, two SRIs should be indicated, and the SRS resources are from two SRS resource sets. Based on the variable propagation environment and scheduling requirement, dynamic switching between single-TRP and multi-TRP transmission should be supported. And this can be easily achieved based on the SRI design. Based on this, the bit field of SRI should be enhanced, and each SRI is associated with one SRS resource set. And if one SRI indicates N/A, the corresponding SRS resource set is not applied for PUSCH transmission, in other words, the multi-TRP PUSCH transmission falls back to single-TRP transmission.
Proposal 5: For codebook based single-DCI PUSCH transmission, support Alt 1. And the two SRIs should be designed to support dynamic switching between single-TRP and multi-TRP transmission.
· Alt1: Bit field of SRI shall be enhanced. 
Considering the two PMIs indication, as it was agreed that the number of layers for the two PMIs should be same. Based on this restriction, the indication of two PMIs can be designed to reduce overhead. For example, the first TPMI field indicates the value of RI and the first TPMI, a second TPMI field is introduced to indicate the second TPMI, and the possible values for the second TPMI is only from the precoders associated with indicated RI in the first field. In this case, the overhead for the second TPMI field can be reduced.
Proposal 6: For codebook based single-DCI PUSCH transmission, support two TPMI fields to indicate the RI and two TPMIs, and overhead for the second TPMI field can be reduced based on the same number of layers for the two TPMIs.
Regarding non-codebook based single-DCI PUSCH transmission, it was agreed that the number of SRS resource sets increased to 2. Similar with codebook based transmission, the number of layers for different TRPs can be restricted to be same. And the SRI design for non-codebook based transmission can use that in codebook based transmission, i.e. two SRIs are indicated with enhanced bit field of SRI. Also considering dynamic switching between single-TRP and multi-TRP transmission.
Proposal 7: For non-codebook based single-DCI PUSCH transmission, support two SRIs indication. And the SRI indication should be designed to support dynamic switching between single-TRP and multi-TRP transmission.
Considering the power control for PUSCH and PUCCH, based on the different link budget between UE and different TRPs, two TPC values should be applied for the two PUSCH beams, and the TPC values are typically different. In this case, two TPC field in DCI should be supported.
Proposal 8: For closed-loop power control for PUSCH and PUCCH, a second TPC field should be added in DCI (i.e. Option 3).
3 Conclusion
In this contribution, we provided our views on enhancement for PDCCH and PUCCH based on multi-TRP transmission, and we proposed that:
Proposal 1: For non-SFN based multi-TRP PDCCH, confirm the working assumption “For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs)”, and further discussion focused on Option2 + Case 1 + Alt3 is enough, there is no need to consider other options, cases or alternatives. 
Proposal 2: For PUCCH resource determination, support Alt 2.
•	Alt 2: Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied 
Proposal 3: At least for scheduling offset for “timeDurationForQCL”, DAI for Type-2 codebook, Slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, timing for CSI computation time and PUSCH preparation time, a reference candidate from the two PDCCH candidates can be defined, and parameters in the reference candidate will be used.
Proposal 4: For UE decoding assumption, at least the combined candidate should be decoded (either one from assumption 1, 3 or 4). And UE behavior should be clarified based on joint consideration with TRP-specific beam failure recovery in agenda item 8.1.2.3.
Proposal 5: For codebook based single-DCI PUSCH transmission, support Alt 1. And the two SRIs should be designed to support dynamic switching between single-TRP and multi-TRP transmission.
· Alt1: Bit field of SRI shall be enhanced. 
Proposal 6: For codebook based single-DCI PUSCH transmission, support two TPMI fields to indicate the RI and two TPMIs, and overhead for the second TPMI field can be reduced based on the same number of layers for the two TPMIs.
Proposal 7: For non-codebook based single-DCI PUSCH transmission, support two SRIs indication. And the SRI indication should be designed to support dynamic switching between single-TRP and multi-TRP transmission.
Proposal 8: For closed-loop power control for PUSCH and PUCCH, a second TPC field should be added in DCI (i.e. Option 3).
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