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1. Introduction 
In RAN#86 meeting [1], it is agreed that the work item aims to 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. SDM, TDM, and FDM based PDSCH enhancements have been specified in Rel-16 to improve reliability and robustness for multi-TRP transmission. The enhancements for other channels, including PDCCH, PUSCH, and PUCCH, are discussed in this contribution. 
2. Enhancements on multi-TRP for PDCCH
2.1 Overbooking for PDCCH repetition
In RAN1#106b-e meeting [2], the following agreement was made for enhancements on overbooking for PDCCH repetition.

	Agreement
For overbooking in the PCell for USS with two linked SS sets in the same slot/span, support:

· Case 1: 2 BDs are counted for two linked candidates:

· No change (use existing spec)


However, for case 2 that 3BDs are counted for two linked candidates, there are also an agreement and a possible agreement in the previous meetings [3]:

	Agreement @RAN1#106-e 
For overbooking in the PCell for USS with two linked SS sets in the same slot/span, select one Alt for each of Case 1 and Case 2 in RAN1 #106-bis-e:

· Case 1: 2 BDs are counted for two linked candidates:

· Alt1: No change (use existing spec)

· Alt2: Consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.

· Case 2: 3 BDs are counted for two linked candidates:

· Alt1: Overbooking is per individual SS set as in Rel. 15/16

· Alt1-1: The third BD is counted as a virtual SS set (i.e., the virtual SS set for the third BDs is dopped before dropping the linked SS sets).

· Alt1-2: The third BD is counted as part of the SS set with higher ID.

· Alt2: Consider the SS set pair together (both are kept or both are dropped), where the priority is based on lower SS set ID among the pair.

· FFS: Inter-span PDCCH repetition for r16monitoringcapablity.
Possible agreement: 

For overbooking in the PCell for USS with two linked SS sets in the same slot/span, support:
· Case 1: 2 BDs are counted for two linked candidates:
· No change (use existing spec)
· Case 2: 3 BDs are counted for two linked candidates:
· Overbooking is per individual SS set as in Rel. 15/16
· The third BD is counted as part of the SS set with higher ID.


In the current specifications, the overbooking in the PCell for USS is done with the SS set ID, the SS set with lower index have higher priority. As for the PDCCH repetition transmission, for the case that 3 BDs are counted for two linked candidates, if only the virtual SS set and the third BD is dropped while the linked SS sets are remained still as described in Alt 1-1, it means only 2BD can be used even if 3BDs are reported by the UE capability and 3BDs are configured by RRC. If some UE can only perform one individual decoding and one soft combing, but it needs 3 BDs for the two linked candidates, Alt 1-1 might force UE to drop one individual BD or one soft combing, it would have much influence on the reliability of Multi-TRP PDCCH repetition. In this situation, even with two PDCCH candidates transmitting, the Multi-TRP PDCCH repetition can not have much gain over single-TRP PDCCH. Besides, it seems that the impact on specifications is not trivial when bringing a new concept of virtual SS set. Therefore, just to assume the third BD is counted as part of the SS set with higher ID is a simple way to solve the overbooking issue and Alt 1-2 should be supported.
Proposal 1: For overbooking in the PCell for USS with two linked SS sets in the same slot/span, support Alt 1-2 (the third BD is counted as part of the SS set with higher ID) if 3 BDs are counted for two linked candidates.

2.2 Ambiguity in case of overlaps between AL8 and AL16
In RAN1#106b-e meeting [2], the following conclusion was made for ambiguity in case of overlaps between AL8 and AL16.

	For RAN1#107-e:

Study whether/how to resolve ambiguities for interpretation of a detected DCI for the following cases:

· Case a: SS sets 1 and 2 are linked, and SS set 3 is individual: 

· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2

· SS set 3 has a AL8 candidate with the same start CCE as the AL16 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)

· Case b: SS sets 1 and 2 are linked, and SS set 3 is individual: 

· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2

· SS set 3 has a AL16 candidate with the same start CCE as the AL8 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)

· Case c1: SS sets 1 and 2 are linked, and SS set 3 and 4 are linked

· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2

· AL16 candidate in SS set 3 is linked with AL16 candidate in SS set 4

· AL8 candidate in SS set 1 has the same start CCE as the AL16 candidate in SS set 3 (associated with a same CORESET with 1-symbol duration)

· Case c2: SS sets 1 and 2 are linked: 

· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2, 

· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2

· AL8 candidate and AL16 candidate in at least one of the SS sets have the same start CCE (in a CORESET with 1-symbol duration)


Basically, this issue caused by the design of polar code has already exist in Rel-15 and it mainly influences the rate matching. However, for Multi-TRP PDCCH repetition, the ambiguity not only has impact on rate matching, but also influence almost all the rules requiring reference candidate (timeline, PRI, DAI, etc.). So, it is necessary to resolve these ambiguities for Multi-TRP PDCCH repetition.
Firstly, for Case a and b, even though it is not the same as the issue of overlapping candidates (one linked candidate and one individual candidate have the same CORESET, same DCI size, same scrambling, same CCEs), but it is a simple way to adopt a unified solution to resolve this issue, i.e., interpreting the detected DCI based on Rel-17 rules (w.r.t reference candidate). Besides, Case a and b also have the issue of rate matching, we can just adopt the legacy way to resolve this, i.e., perform rate matching assuming AL 16.
Secondly, given that we have already an agreement that two different PDCCH candidates from two different pairs of linked candidates are not expected to be overlapped, Case c1 might be a corner case and we can simply consider it as an error case.
	Agreement

For two pairs of linked PDCCH candidates, UE is not expected to handle the case where a first PDCCH candidate from the first pair of linked candidates to overlap (same CORESET, DCI size, CCEs, scrambling) with a second PDCCH candidate from the second pair of linked candidates.


Thirdly, for Case c2, we think there might be no ambiguity on reference candidate since two linked candidates in one SS set have the same aggregation level. However, the issue of rate matching still exists and we can just perform rate matching assuming AL 16, just as Rel-15 behavior.
Proposal 2: Perform rate matching assuming AL 16 for Case a, b and c2.

· Case a: SS sets 1 and 2 are linked, and SS set 3 is individual: 

· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2

· SS set 3 has a AL8 candidate with the same start CCE as the AL16 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)
· Case b: SS sets 1 and 2 are linked, and SS set 3 is individual: 

· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2

· SS set 3 has a AL16 candidate with the same start CCE as the AL8 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)

· Case c2: SS sets 1 and 2 are linked: 

· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2, 

· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2

· AL8 candidate and AL16 candidate in at least one of the SS sets have the same start CCE (in a CORESET with 1-symbol duration)

Proposal 3: Interpret the detected DCI based on Rel-17 rules (w.r.t reference candidate) for Case a and b.
Proposal 4: Consider Case c1 as an error case.

· Case c1: SS sets 1 and 2 are linked, and SS set 3 and 4 are linked

· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2

· AL16 candidate in SS set 3 is linked with AL16 candidate in SS set 4

· AL8 candidate in SS set 1 has the same start CCE as the AL16 candidate in SS set 3 (associated with a same CORESET with 1-symbol duration)
2.3 Complexity handling related to numbers / locations of linked candidates
In RAN1#106b-e meeting [2], the following conclusion was made for complexity handling related to numbers / locations of linked candidates.

	For RAN1#107-e:

To handle UE complexity / memory requirements for linked PDCCH candidates, down-select among the following in RAN1 #107-e

· Alt1: Address the issue by UE capability, where UE indicates a limit on one of the following

· Alt 1-1: Total number of linked candidates of which the first candidate is received and the second one has not been received at any given time

· Alt1-2: Total number of linked candidates in a slot

· FFS: Whether limit is per CC or across all CCs.

· FFS: Whether limit is per AL or irrespective of AL

· Alt2: Address the issue by adding a restriction such as: For a pair of linked MO’s, UE does not expect to be configured with any other linked MO in between the pair of linked MO’s

· FFS: Whether restriction is per CC or across all CCs.

· FFS: Whether the same restriction applies when one or more individual MO’s are in between the pair of linked MO’s

· Alt3: The support of PDCCH repetition is indicated separately for different Rel-15/16 PDCCH monitoring capabilities

· Note: This capability may be needed irrespective of this issue but may address the issue at a coarser granularity.

· Alt4: There is no need to further discuss this issue


Generally, unlike Rel-15 behavior, if there is any other MO in between one pair of linked MO’s and the UE will perform soft-combing for the pair of linked candidates, some extra PDCCH buffer burden will be brought. So, it might be necessary to introduce some restrictions to address this issue.
Alt 2 seems bring too much restrictions on gNB’s configurations. Besides, some UE with higher capabilities might have enough memories and be able to handle this issue even without any restrictions. Anyway, this issue is about soft combing and it is natural to resolve it by UE capability, i.e., Alt 1 and Alt 3.

 Proposal 5: Alt 1 and/or Alt 3 could be considered to handle UE complexity / memory requirements for linked PDCCH candidates.
· Alt1: Address the issue by UE capability, where UE indicates a limit on one of the following

· Alt 1-1: Total number of linked candidates of which the first candidate is received and the second one has not been received at any given time

· Alt1-2: Total number of linked candidates in a slot

· Alt3: The support of PDCCH repetition is indicated separately for different Rel-15/16 PDCCH monitoring capabilities
2.4 Additional issues requiring a reference candidate
In RAN1#106b-e meeting [2], the following agreement was made for additional issues requiring a reference candidate.

	Agreement
Further study the following issues for PDCCH repetition:
· Issue a: QCL-Type D assumption for CSI-RS with higher layer parameter repetition is not set to 'on' when it overlaps with multiple CORESETs with different QCL-TypeD.

· Issue b: For PDCCH repetition of DCI format 1_0 on two linked CSS, in order to determine the value of [image: image2.png]


 for mapping VRB to PRB of a scheduled PDSCH

· Issue c: PDSCH rate matching on resources that overlaps with scheduling PDCCH resources if this corresponding PDCCH candidate is dropped due to interruption

· Issue d: With Type-1 HARQ-ACK codebook, and the SPS release PDCCH repetition, to determine the location of the HARQ-ACK bit of the SPS release PDCCH


Basically, we think for most of issues about requiring a reference candidate, just adopting a simple rule to define the reference candidate is enough. At least for issue a, when a CSI-RS with higher layer parameter repetition is not set to 'on' overlaps with multiple CORESETs with different QCL-TypeD, maybe the QCL-Type D of the CORESET with the lower ID among these CORESETs can be applied as the QCL-Type D assumption for the CSI-RS.
Proposal 6: Support applying the CORESET with lower ID among these CORESETs as reference CORESET for the issue of QCL-Type D assumption for CSI-RS with higher layer parameter repetition is not set to 'on' when it overlaps with multiple CORESETs with different QCL-TypeD.
3. Enhancements on multi-TRP for PUSCH 
3.1 Minimal gap between associated CSI-RS and aperiodic SRS 
In RAN1#106bis-e meeting [2], four alternatives related to the issue of minimal gap between associated CSI-RS and aperiodic SRS were agreed for further down selection.
	Agreement

For NCB based mTRP PUSCH repetition, on the minimal gap between associated NZP-CSI-RS and aperiodic NCB SRS, select one from the below in RAN1 #107-e meeting,

· Alt. 1: If both SRS resource sets are triggered in an overlapped manner in time domain (overlapping refer to overlapping of minimal gaps between two pairs of associated NZP-CSI-RS and aperiodic SRS corresponding to two SRS resource sets), the UE is not expected to update the SRS precoding information if the gap from the last symbol of the reception of the aperiodic NZP-CSI-RS resource and the first symbol of the aperiodic SRS transmission is less than 42 + d OFDM symbols, where d indicates the number of overlapped symbols for the two pairs of associated NZP-CSI-RS and aperiodic SRS for NCB.

· FFS: value of d

· Alt. 2: UE is not expected to support overlapping precoding calculation for different associated NZP-CSI-RS within a CC, i.e., the UE is not expected to get triggering for two SRS resource sets in an overlapped manner in time domain (overlapping refer to overlapping of minimal gaps between two pairs of associated NZP-CSI-RS and aperiodic SRS corresponding to two SRS resource sets).

· The minimal gap between associated NZP-CSI-RS and aperiodic SRS is same as Rel-15/16.

· Alt.3: Introduce a UE capability on UE support simultaneous precoding calculation for different associated NZP-CSI-RS within a CC.

· The minimal gap between associated NZP-CSI-RS and aperiodic SRS is same as Rel-15/16.

· Alt. 4: There is nothing wrong with the legacy procedures and capability indication to handle this issue. No changes to spec.


For non-codebook based transmission, the UE can calculate the precoder used for the transmission of SRS based on measurement of an associated NZP CSI-RS resource, and the gap from the last symbol of the reception of the aperiodic NZP-CSI-RS resource and the first symbol of the aperiodic SRS transmission should be larger than 42 OFDM symbols. In Rel-17, 2 SRS resource sets can be triggered for M-TRP transmission, it is possible that two SRS resource sets are triggered in an overlapped manner in time domain (overlapping refer to overlapping of minimal gaps between two pairs of associated NZP-CSI-RS and aperiodic SRS corresponding to two SRS resource sets). For this case, UE has to calculate the precoder for different associated NZP-CSI-RS simultaneously. In RAN1#106bis-e meeting, it has been discussed whether new gap or new UE capability should be introduced to consider this case. From our understanding, this case has been considered in Rel-15. For example, FG 2-15b has included that UE can process Y SRS resources associated with CSI-RS resources simultaneously in a CC (Component-4), which means that UE could calculate multiple precoders simultaneously for Y SRS resources. The candidate values for Y are from 1 to 8, so it is possible that Y SRS resources belong to two SRS resource sets. So, we think there is nothing wrong with the legacy procedures and capability indication to handle this issue.
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Proposal 7: Support Alt. 4: There is nothing wrong with the legacy procedures and capability indication to handle this issue. No changes to spec.
4. Conclusions

Based on the above discussions, the proposals are as follows:
Proposal 1: For overbooking in the PCell for USS with two linked SS sets in the same slot/span, support Alt 1-2 (the third BD is counted as part of the SS set with higher ID) if 3 BDs are counted for two linked candidates.

Proposal 2: Perform rate matching assuming AL 16 for Case a, b and c2.

· Case a: SS sets 1 and 2 are linked, and SS set 3 is individual: 

· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2

· SS set 3 has a AL8 candidate with the same start CCE as the AL16 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)
· Case b: SS sets 1 and 2 are linked, and SS set 3 is individual: 

· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2

· SS set 3 has a AL16 candidate with the same start CCE as the AL8 candidate of SS set 1 (associated with a same CORESET with 1-symbol duration)

· Case c2: SS sets 1 and 2 are linked: 

· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2, 

· AL16 candidate in SS set 1 is linked with AL16 candidate in SS set 2

· AL8 candidate and AL16 candidate in at least one of the SS sets have the same start CCE (in a CORESET with 1-symbol duration)

Proposal 3: Interpret the detected DCI based on Rel-17 rules (w.r.t reference candidate) for Case a and b.
Proposal 4: Consider Case c1 as an error case.

· Case c1: SS sets 1 and 2 are linked, and SS set 3 and 4 are linked

· AL8 candidate in SS set 1 is linked with AL8 candidate in SS set 2

· AL16 candidate in SS set 3 is linked with AL16 candidate in SS set 4

· AL8 candidate in SS set 1 has the same start CCE as the AL16 candidate in SS set 3 (associated with a same CORESET with 1-symbol duration)
Proposal 5: Alt 1 and/or Alt 3 could be considered to handle UE complexity / memory requirements for linked PDCCH candidates.
· Alt1: Address the issue by UE capability, where UE indicates a limit on one of the following

· Alt 1-1: Total number of linked candidates of which the first candidate is received and the second one has not been received at any given time

· Alt1-2: Total number of linked candidates in a slot

· Alt3: The support of PDCCH repetition is indicated separately for different Rel-15/16 PDCCH monitoring capabilities
Proposal 6: Support applying the CORESET with lower ID among these CORESETs as reference CORESET for the issue of QCL-Type D assumption for CSI-RS with higher layer parameter repetition is not set to 'on' when it overlaps with multiple CORESETs with different QCL-TypeD.

Proposal 7: Support Alt. 4: There is nothing wrong with the legacy procedures and capability indication to handle this issue. No changes to spec.
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