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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1#104-e meeting [1], PDCCH, PUCCH and PUSCH enhancements based on multi-TRP were hotly discussed. And 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
PDCCH
In RAN1#104-e meeting, agreements for PDCCH enhancements were achieved as:
	Agreement
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).
Agreement
When DL DCI is transmitted via PDCCH repetition, for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight, starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied. Down-select one of the following options in RAN1 #104-bis-e
· Option 1: The one with the lowest CORESET ID is applied 
· Option 2: The one with the lowest SS set ID is applied.
Agreement
For Option 2, at least for the following purposes, a reference PDCCH candidate is defined as the candidate that ends later in time among the two linked PDCCH candidates in the time domain:
· To determine the scheduling offset to identify whether a default beam should be used for PDSCH / CSI-RS reception.
· To extend the definition of in-order for PDCCH-PDSCH and PDCCH-PUSCH, i.e., PDCCH ending symbol is the last symbol of the reference PDCCH candidate in at least the following restrictions in 38.214. 
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to receive a PDSCH starting earlier than the end of the first PDSCH with a PDCCH that ends later than symbol i.
· For any two HARQ process IDs in a given scheduled cell, if the UE is scheduled to start a first PUSCH transmission starting in symbol j by a PDCCH ending in symbol I, the UE is not expected to be scheduled to transmit a PUSCH starting earlier than the end of the first PUSCH by a PDCCH that ends later than symbol i.
· For PUSCH preparation time (N2) and CSI computation time (Z): Last symbol of the PDCCH is based on the last symbol of the reference PDCCH candidate.
· FFS: If inter-slot PDCCH repetition is supported, for slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS: The slot of the reference PDCCH candidate is used as the reference slot.
Agreement
If two PDCCH candidates that are linked for repetition do not belong to the same PDCCH monitoring occasion, the earlier PDCCH monitoring occasion is used as the reference for the following:
· Definition of counter DAI / total DAI and Type-2 HARQ-Ack codebook construction.
· Determining the last DCI for PUCCH resource determination based on the PRI field of the last DCI.
Agreement
Study whether / how to resolve the following potential issues in the case of PDCCH repetition:
· Issue 1: Starting symbol for PDSCH mapping type B as well as reference symbol for SLIV (i.e., when ReferenceofSLIV-ForDCIFormat1_2 is configured).
· Issue 2: Determination of PDSCH beam when TCI field is not present in DCI (when scheduling offset is equal to or larger than timeDurationForQCL)
· Issue 3: When PDCCH repetitions are associated with different CORESETPoolIndex values, and the need to use one of them as reference for PDSCH scrambling / CRS rate matching / HARQ-Ack / etc. 
· Whether PDCCH repetition can be used with multi-DCI based multi-TRP.
· Issue 4: Whether single-TRP PDCCH repetition is supported by reusing the agreed framework.
Agreement
For PDCCH repetition, support linking two SS sets by RRC configuration:
· FFS: Whether MAC-CE can be used additionally
· When PDCCH repetition is monitored in two linked SS sets, the UE does not expect a third monitored SS set to be linked with any of the two linked SS sets.
· The two linked SS sets have the same SS set type (USS/CSS) 
· The two linked SS sets have the same DCI formats to monitor
· For intra-slot PDCCH repetition, 
· The two SS sets should have the same periodicity and offset (monitoringSlotPeriodicityAndOffset), and the same duration
· For linking monitoring occasions across the two SS sets that exist in the same slot: 
· The two SS sets have the same number of monitoring occasions within a slot and n-th monitoring occasion of one SS set is linked to n-th monitoring occasion of the other SS set
Agreement
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, down-select one of the following options in RAN1 #104-bis-e
· Option 1: UE reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X.
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 2: UE reports whether it supports soft-combining or not
· If soft-combining is supported, UE further reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X. 
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 3: UE reports one or more decoding assumptions out of decoding assumptions 1-4
· Number of BDs for decoding assumptions 1: 
· Alt1: 2 BDs
· Alt2: A value between 1 and 2 BDs
· Number of BDs for decoding assumption 2: 2
· Number of BDs for decoding assumption 3: 2
· FFS: Other values
· Number of BDs for decoding assumption 4: 3
· FFS: Other values
· Option 4: Always 2 BDs are assumed irrespective of UE’s decoding assumption 
· Option 5: Always 3 BDs are assumed irrespective of UE’s decoding assumption 
· FFS: Network configuration based on the above UE capabilities for options 1-3
Note: Specification should not be designed in such a way that the UE is required to disclose it receiver implementation
Agreement
At least for FR1, if a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and the resources in the CORESET(s) containing the PDCCH candidates overlap with the resources of the PDSCH, the PDSCH is rate matched around the union of two PDCCH candidates and the corresponding DMRS.
· Note: This does not imply that two linked PDCCH candidates can / cannot be overlapping in resources, which is a separate discussion.
· FFS: The case of FR2
Agreement
When two SS sets are linked for PDCCH repetition, they do not contain individual PDCCH candidates. 
· Note 1: For configuration of individual PDCCH candidates, a different SS set can be configured by network.
· Note 2: When one of the linked PDCCH candidates uses the same set of CCEs as an individual PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET, Rel. 15 rule is followed wrt not counting an additional BD.
Agreement
For PDCCH repetition, two PDCCH candidates in two SS sets are linked based on
· Having the same AL and the same candidate index: 
· Two linked SS sets are configured with the same number of candidates for each AL.
Conclusion.
The agreed PDCCH repetition framework (Option 2 + Case 1 + Alt3) supports both TDM and FDM multiplexing schemes. 



Regarding schemes of non-SFN based multi-TRP PDCCH reliability enhancements, repetition with two PDCCH candidates which have explicit linkage (i.e. Option 2 + Case 1) was agreed, and the two PDCCH candidates are from two search space sets which associated with two CORESETs (i.e. Alt 3) respectively. 
And a “reference” PDCCH candidate was defined to determine parameters for the single scheduling which was scheduled by the two PDCCH candidates, and the scheme is applied to several purposes, such as PUCCH resource determination, scheduling offset determination, DAI definition, and so on. There are still some issues to be discussed as listed in the agreement.
· Issue 1: Starting symbol for PDSCH mapping type B as well as reference symbol for SLIV (i.e., when ReferenceofSLIV-ForDCIFormat1_2 is configured).
· Issue 2: Determination of PDSCH beam when TCI field is not present in DCI (when scheduling offset is equal to or larger than timeDurationForQCL)
· Issue 3: When PDCCH repetitions are associated with different CORESETPoolIndex values, and the need to use one of them as reference for PDSCH scrambling / CRS rate matching / HARQ-Ack / etc. 
· Whether PDCCH repetition can be used with multi-DCI based multi-TRP.
· Issue 4: Whether single-TRP PDCCH repetition is supported by reusing the agreed framework.
Regarding Issue 1, in case of PDSCH mapping type B, and when ReferenceofSLIV-ForDCIFormat1_2 is configured, the starting symbol and reference symbol for SLIV can be based on one “reference” PDCCH candidate, for example, the one ends later in time domain.
Regarding Issue 2, when TCI field is not present in DCI, and when the scheduling offset is equal to or larger than timeDurationForQCL, in current spec for single-TRP transmission, the QCL parameters for PDSCH are assumed to be same as those for the CORESET used for the PDCCH. And in case of multi-TRP transmission, if simply defining a “reference” PDCCH candidate to determine the beam for scheduled PDSCH, only one “fixed” beam from the two PDCCH candidates is used, in other words, for the scheduled PDSCH, the beam can only from one “fixed” TRP, which is quite strict for scheduling. So it’s better to indicate the beam from either one of the two PDCCH candidates, and the indication can be implicit by reusing existing field in DCI.
Regarding Issue 3, in case of multi-DCI based multi-TRP transmission, PDCCH repetition can also improve the reliability, for example, slot-based PDCCH repetition can be applied considering non-ideal backhaul.
Regarding Issue 4, the target for PDCCH repetition is mainly focused on beam blockage, so multi-TRP PDCCH repetition is more suitable to solve the issue. And PDCCH was designed to be robust for decoding, so the benefit for single-TRP PDCCH repetition is unknown. And also regarding the common beam discussed in AI 8.1.1, usage of single-TRP PDCCH repetition to resist beam blockage is unknown either.
In addition, besides the issues listed in last meeting, there is another issue as BWP switching command in DCI, which is a key feature in NR. We think in case of PDCCH repetition, BWP switching should also be supported. And in current spec, BWP switching command is only expected to be received within first 3 symbols of a slot, and after the command, there is a duration where UE isn’t required to transmit or receive. Based on this, PDCCH repetition with BWP switching should be discussed, for example, a “reference” PDCCH candidate to be defined for the timing of BWP switching duration, and also the restriction of DCI within first 3 symbols. For example, if BWP switching command in case of PDCCH repetition is still restricted within first 3 symbols, the CORESETs configuration for PDCCH repetition will be quite limited, i.e. the two CORESETs with linked PDCCH candidates are both within first 3 symbols, especially for the typical use case of TDMed PDCCH repetition.
Based on the discussion, we propose that:
Proposal 1: For non-SFN based PDCCH repetition, 
· A reference PDCCH candidate which ends later in time domain can be defined for starting symbol for PDSCH mapping type B as well as reference symbol for SLIV.
· Dynamic selection of beam from either one of the two PDCCH candidates for PDSCH should be supported when TCI field is not present in DCI.
· PDCCH repetition should be supported in case of multi-DCI based multi-TRP transmission, and at least inter-slot repetition can be applied considering non-ideal backhaul.
· There is no need of single-TRP based PDCCH repetition.
In addition, besides the issues listed in last meeting, there is another issue as BWP switching command in DCI, which is a key feature in NR. We think in case of PDCCH repetition, BWP switching should also be supported. And in current spec, BWP switching command is only expected to be received within first 3 symbols of a slot, and after the command, there is a duration where UE isn’t required to transmit or receive. Based on this, PDCCH repetition with BWP switching should be discussed, for example, a “reference” PDCCH candidate to be defined for the timing of BWP switching duration, and also the restriction of DCI within first 3 symbols. For example, if BWP switching command in case of PDCCH repetition is still restricted within first 3 symbols, the CORESETs configuration for PDCCH repetition will be quite limited, i.e. the two CORESETs with linked PDCCH candidates are both within first 3 symbols, especially for the typical use case of TDMed PDCCH repetition.
Proposal 2: For non-SFN based PDCCH repetition, reference PDCCH candidate and time domain configuration of the CORESETs for linked PDCCH candidates should be discussed for BWP switching
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 3: For UE decoding assumption, at least the combined candidate should be decoded. And UE behavior should be clarified based on joint consideration with TRP-specific beam failure recovery in agenda item 8.1.2.3.
PUSCH/PUCCH
In RAN1#104-e meeting, agreements for PUSCH and PUCCH enhancements were achieved as:
	Agreement
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH, 
· Support two SRI fields corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
· Each SRI field indicating SRI per TRP, where the SRI field based on Rel-15/16 framework
· Support dynamic switching between multi-TRP and single-TRP operation 
· FFS: Support dynamic switching the order of two TRPs
Conclusion
Strive to reuse the specification support for dynamic indication of number of repetitions introduced in the Rel-17 coverage enhancement work item for multi-TRP operation. Decide whether further enhancements for multi-TRP operation are necessary in RAN1#106bis. No further discussion on this topic until RAN1#106bis under agenda item 8.1.
Agreement
For single DCI based M-TRP PUSCH Type B repetition schemes, 
· For maxRank = 2, the number of bits for the indication of PTRS-DMRS association is the same as Rel-15/16, MSB and LSB separately indicating the association between PTRS port and DMRS port for two TRPs. 
· FFS: the indication of PTRS-DMRS association for maxRank > 2.
Agreement
For s-DCI based multi-TRP PUSCH repetition Type A and B, if the DCI schedules A-CSI, support multiplexing A-CSI on the first PUSCH repetition corresponding to the first beam and the X-th PUSCH repetition corresponding to the second beam.
· For PUSCH repetition Type A, X=1 (the first PUSCH repetition corresponding to the second beam) 
· For PUSCH repetition Type B, the first actual PUSCH repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are considered, 
· The UE does not expect the first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam to have a single symbol duration (similar restriction as in Rel-16 NR for the single TRP case).
· The first actual repetition corresponding to the first beam and the X-th actual repetition corresponding to the second beam are expected to have the same number of symbols
· FFS: X = 1 or X = the first actual repetition corresponding to the second beam that contains the same number of symbols as the first actual repetition with the first beam
· FFS: Any further restrictions/enhancements needed on supporting A-CSI multiplexing on PUSCH repetitions
· FFS: whether to support multiplexing SP-CSI/P-CSI on PUSCH repetitions towards multiple TRPs.
Agreement
Further study following aspects related to beam mapping and default behaviors for multi-TRP PUCCH/PUSCH schemes,  
· Whether enhancements needed on beam mapping in case of PUCCH/PUSCH dropping due to invalid UL symbols
· Whether frequency hopping is performed among the repetitions with the same beam
· Whether defining default beam for PUSCH is needed when PUSCH scheduled by DCI format 0_0 when two spatial relation info’s are configured for a PUCCH resource
Agreement
For single DCI based M-TRP PUSCH repetition schemes, in codebook based PUSCH,
· Two TPMI fields are indicated in DCI formats 0_1/0_2.
· The first TPMI field uses the Rel-15/16 TPMI field design (which includes TPMI index and the number of layers) of DCI format 0_1/0_2. The second TPMI field only containsindicates the second TPMI index. The same number of layers are applied as indicated in the first TPMI field.
· FFS: Details of second TPMI field interpretation including changes expected in Tables 7.3.1.1.2-2/2A/2B/3/3A/4/4A/5/5A in 38.212
· FFS: Interpreting TPMI fields when multi-TRP and single-TRP PUSCH repetition is applied.
· FFS: whether to support of PUSCH repetitions transmitting towards two TRPs sharing the same TPMI indicated by a TPMI field.
· FFS: The size of the second TPMI field can be equal to or smaller than the size of the first TPMI field
Agreement
For single DCI based M-TRP PUSCH repetition schemes, in non-codebook based PUSCH, 
· Support two SRI field(s) corresponding to two SRS resource sets are included in DCI formats 0_1/0_2.
· Each SRI field indicating SRI per TRP, where the first SRI field based on Rel-15/16 framework, 
· Support the same number of layers applied over repetitions
· FFS: details of second SRI field including the specification change for Table 7.3.1.1.2-28/29/30/31 in 38.212.
· Support dynamic switching between multi-TRP and single-TRP operation
· FFS: whether/how to use SRI field(s) and additional details of SRI field(s) interpretations
· FFS: Minimizing the DCI overhead for PUSCH repetition Type A as a result of number of layers being limited to 1 when more than one repetition is scheduled.
· FFS: Support dynamic switching the order of two TRPs
· Companies are encouraged to provide total payload size of the two SRI fields and scheduling restriction, if any
Agreement
Further study following alternatives to support per TRP closed-loop power control for PUCCH , select  from the below options during the RAN1 #104-e-bis meeting.
· Option.1: A single TPC field (the existing 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 (the existing 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 (similar to the existing 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.
Working assumption
For beam mapping /power control parameter set mapping for PUCCH repetitions,
· For M-TRP PUCCH Scheme 1 in FR1, it is possible to configure either cyclic mapping or sequential mapping of power control parameter sets over PUCCH repetitions (similar to spatial relation info’s over PUCCH repetitions).
· For M-TRP PUCCH Scheme 3, reuse the same methods as Scheme 1 (by replacing slots with sub-slots) for beam mapping or power control resource set mapping to sub-slots.
· This working assumption is also subjected to the RAN4 LS R1-2009807 and confirmed based on the RAN4 reply. 
Agreement
Further study following alternatives to support per TRP closed-loop power control for PUSCH , select from the below options during the RAN1 #104-e-bis meeting.
· Option.1: A single TPC field (the existing 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 (the existing 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 (similar to the existing 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.



For single DCI based M-TRP PUSCH repetition schemes, it was agreed that two SRI fields corresponding to two SRS resource sets are included in DCI for both codebook and non-codebook based PUSCH transmission. In addition, for codebook based PUSCH transmission, two TPMI fields are indicated for multi-TRP transmission. And the discussion is focused on how to design the two SRI and TPMI fields to achieve flexibility and also reduce overhead.
Before discussion, there are several issues which will impact on the DCI field design to be clarified. First one is the number of SRS resources in the two SRS resource sets. To achieve network and UE deployment flexibility, there is no need to restrict same number of SRS resources in the two SRS resource sets. For example, from network perspective, different number of SRS resources can be configured for different TRPs considering TRP deployment and scheduling requirement. And from UE perspective, there may be multiple panels configured, and the number of antennas in different panels can be different. Second issue is the SRS resource configuration in case of full power transmission mode. In current spec, up to 4 SRS resources can be configured in a SRS resource set for full power transmission, and the number of SRS ports in the SRS resources can be different. In case of multi-TRP transmission, full power should be supported for reliability enhancement. It should be defined that whether the full power mode should be same for two TRPs. The number of SRS resources in two SRS resource sets, and the number of SRS resources with same number of SRS ports in each set should be discussed. 
Proposal 4: For both codebook and non-codebook based single-DCI PUSCH transmission, whether same or separate number of SRS resources in two SRS resource sets should be discussed firstly. And whether same full power transmission mode for both TRPs and the SRS resource configuration in case of full power transmission should be discussed. 
Besides the enhancements for second SRI field and TPMI field, the power control parameter (i.e. TPC field) for PUSCH and PUCCH should also be enhanced. Based on the different link budgets between UE and different TRPs, two separate TPC values should be applied for the two PUSCH/PUCCH beams to reflect proper power adjustment per link/beam. So two TPC fields in DCI should be supported.
Proposal 5: For closed-loop power control for PUSCH and PUCCH, a second TPC field should be added in DCI (i.e. Option 3).
Based on the discussion, additional fields design in DCI including SRI, TPMI (for CB) and TPC, these fields should be jointly discussed, for example, considering the tradeoff between flexibility and overhead. 
For codebook based PUSCH transmission, two SRI fields and two TPMI fields were agreed, and the second TPMI field only contains second TPMI index(es), i.e. no need to indicate number of layers. And it was also agreed that dynamic switching between single-TRP and multi-TRP transmission should be supported. As discussed, one scheme is to reuse “reserved” codepoint in SRI field, for example, if one SRI field indicates “reserved”, the PUSCH transmission(s) is based on the other SRI field. In this case, at least one SRI field should indicate a codepoint not to be “reserved”. Based on this scheme, if the SRI field has no “reserved” codepoint, one more codepoint is needed, leading to one more bit added in DCI, for example, when the number of SRS resources is 0 or 2 or 4. And for the cases when number of SRS resources is 1 or 3, there is one “reserved” codepoint, which can be reused.
The other scheme is to indicate the dynamic switching in TPMI field, and it was proposed to add two codepoints in the second TPMI field, while in some cases, there is no “reserved” codepoint either, which also needs one more bit.
Either scheme can achieve dynamic switching, with worst case of adding one more bit. While the worst cases of two schemes may not be same. For example, when there is no reserved codepoint in SRI field, there may be some codepoints available in TPMI, and vice versa. Based on this, a perfect unified scheme seems not necessary, especially considering overhead.
Observation 1: Considering overhead, trying to design a perfect unified scheme for dynamic switching between single-TRP and multi-TRP seems unnecessary for codebook based uplink transmission.
We can combine the two schemes to control the additional overhead for different cases, for example, when only one SRI or TPMI field include “reserved” codepoint, the field with “reserved” can be used for dynamic switching indication, and if no field includes “reserved” codepoint, it can be further discussed to add more codepoints or just no indication of dynamic switching.
Proposal 6: For codebook based uplink transmission, dynamic switching between single-TRP and multi-TRP can be indicated by either one of SRI field or TPMI field if “reserved” codepoint is included in the field. And further discussion whether to add more codepoints if no field including “reserved” codepoint.
For non-codebook PUSCH transmission, two SRI fields are agreed, and first SRI field is based on R15/16 framework, so number of layers is indicated by the first SRI field. Considering the second SRI field, similar as TPMI field design for codebook based transmission, there is no need to indicate number of layers redundantly, so the second SRI field only containing indications of same number of layers indicated by the first SRI field is enough.
Proposal 7: For non-codebook based uplink transmission, the second SRI field only contains indications with same number of layers indicated by the first SRI field.
Also as agreed, dynamic switching between single-TRP and multi-TRP transmission should be introduced, and reusing “reserved” codepoint in SRI field was discussed. 
One scheme is to indicate the dynamic switching in second SRI field with two codepoint, one for first TRP, and the other one is for second TRP. While in some cases, this scheme will introduce 2 more bits overhead. For example, if the number of SRS resources is 1, for the first SRI field, there is no need of bits. And for the second SRI field, 2 bits are needed, at least indicating, multi-TRP transmission, first TRP and second TRP. and in some cases, there is only one “reserved” codepoint in the second SRI field, this scheme will add one more bit overhead.
As discussed above, for multi-TRP transmission, both SRI field and TPC field should be enhanced, which can be jointly considered. For example, considering TPC field, in case of multi-TRP transmission, the second TPC field is applied to indicate power control parameter for the second TRP, and in case of single-TRP transmission, the second TPC field is reserved, the two reserved bits can be reused to indicate information such as TRP index. In this way, at most one more bit is needed in the SRI field (as at most one codepoint is needed) to indicate dynamic switching, and which TRP is applied can be indicated in the reserved bits in the second TPC field. For example, if the number of SRS resource is 1, for the second SRI field, only one bit is needed to indicate multi-TRP or single-TRP transmission, and whether the first TRP or second TRP is applied can be indicated in the second TPC field.
Proposal 8: For non-codebook based uplink transmission, dynamic switching between single-TRP and multi-TRP transmission can be indicated jointly considering SRI field and TPC field.
In addition, it was also proposed that dynamic switching the order of two TRPs. If the usage is justified, it’s better to reuse existing field to indicate the order, which can save DCI overhead significantly, for example, the information of DMRS can be reused to indicate the order. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK4]Proposal 9: DMRS information can be reused to implicitly indicate the dynamic order of two TRPs, which can save DCI overhead.
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 PDCCH repetition, 
· A reference PDCCH candidate which ends later in time domain can be defined for starting symbol for PDSCH mapping type B as well as reference symbol for SLIV.
· Dynamic selection of beam from either one of the two PDCCH candidates for PDSCH should be supported when TCI field is not present in DCI .
· PDCCH repetition should be supported in case of multi-DCI based multi-TRP transmission, and at least inter-slot repetition can be applied considering non-ideal backhaul.
· There is no need of single-TRP based PDCCH repetition.
Proposal 2: For non-SFN based PDCCH repetition, reference PDCCH candidate and time domain configuration of the CORESETs for linked PDCCH candidates should be discussed for BWP switching
Proposal 3: For UE decoding assumption, at least the combined candidate should be decoded. And UE behavior should be clarified based on joint consideration with TRP-specific beam failure recovery in agenda item 8.1.2.3.
Proposal 4: For both codebook and non-codebook based single-DCI PUSCH transmission, whether same or separate number of SRS resources in two SRS resource sets should be discussed firstly. And whether same full power transmission mode for both TRPs and the SRS resource configuration in case of full power transmission should be discussed. 
Proposal 5: For closed-loop power control for PUSCH and PUCCH, a second TPC field should be added in DCI (i.e. Option 3).
Observation 1: Considering overhead, trying to design a perfect unified scheme for dynamic switching between single-TRP and multi-TRP seems unnecessary for codebook based uplink transmission.
Proposal 6: For codebook based uplink transmission, dynamic switching between single-TRP and multi-TRP can be indicated by either one of SRI field or TPMI field if “reserved” codepoint is included in the field. And further discussion whether to add more codepoints if no field including “reserved” codepoint.
Proposal 7: For non-codebook based uplink transmission, the second SRI field only contains indications with same number of layers indicated by the first SRI field.
Proposal 8: For non-codebook based uplink transmission, dynamic switching between single-TRP and multi-TRP transmission can be indicated jointly considering SRI field and TPC field.
Proposal 9: DMRS information can be reused to implicitly indicate the dynamic order of two TRPs, which can save DCI overhead.
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