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In 3GPP RAN Meeting #86, a work item (WI) on Further enhancements on MIMO for NR (NR_FeMIMO, see RP-193133) was approved. Among the multiple objectives in the WI, the following is concerned with multi-TRP/panel for non-PDSCH enhancements:
· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. 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 
In 3GPP RAN1 meetings, a set of agreements on multi-TRP/panel for non-PDSCH enhancements were achieved. In this contribution, further discussions on these enhancements are provided. 

PDCCH enhancement
In past 3GPP RAN1 meetings, a set of agreements concerning PDCCH enhancements were achieved. Some agreements/WA/conclusions with open issues are captured as follows:
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)

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
Agreement
Further study the following issues for PDCCH repetition:
1. 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. 
1. Issue b: For PDCCH repetition of DCI format 1_0 on two linked CSS, in order to determine the value of  for mapping VRB to PRB of a scheduled PDSCH 
1. Issue c: PDSCH rate matching on resources that overlaps with scheduling PDCCH resources if this corresponding PDCCH candidate is dropped due to interruption
1. 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 

Ambiguities for interpretation of a detected DCI on partially overlapping CCEs
Different from past discussions on ambiguity resolution for a detected DCI on completely overlapping CCEs, many cases with ambiguities for interpretation of a detected DCI on partially overlapping CCEs with were identified. For a few of the cases, their ambiguities may be determined case by case, however, we remark that the list of cases may not be exhaustive, and for future-proof purpose, a simple and more universal approach, if feasible at all, should be the main focus to resolve the ambiguity issues.
For the cases involving only one pair of paired candidates and one or more individual candidates, e.g., Case a and Case b, the simplest way is to follow the paired candidates, which has similar implementation behavior as the cases with completely overlapping CCEs. 
For Case c1 and Case c2 with partially overlapping CCEs of AL8 candidate and AL16 candidate, even though separate handling of these two cases may work, a more universal approach is preferred. Similar to Rel-15 rate matching behavior that assumes AL16 for unlinked candidates with partially overlapping CCEs, 3GPP can adopt rate matching assuming AL16 for all cases involving partially overlapping CCEs, in which one or more candidates may be linked or unlinked.
Proposal 1: For ambiguity resolution for a detected DCI on partially overlapping CCEs:
· Follow the linked candidates if ambiguity arises with any individual candidate 
· Assume AL16 otherwise.

UE complexity handling and memory requirements related to numbers / locations of linked candidates 
Several alternatives were identified to address the issues on UE complexity handling and memory requirements related to numbers / locations of linked candidates. These alternatives are discussed below:
· 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
For this alternative, we’d like to point out that UE complexity handling and memory requirements are primarily UE implementation issues and can be substantially different for different UE vendors. Some UEs may be highly capable of handling many linked candidates but some other UEs may not be implemented so. It is thus quite obvious to expect that this is highly relevant to UE implementation and UE capability. For this reason, we think this alternative should be the key approach to be considered in 3GPP. 
Regarding Alt 1-1 and Alt 1-2, it seems that the total number of linked candidates occurring in a slot is more relevant to UE processing capability and memory capacity, and it is easier for the gNB/UE to determine/plan as it is on a per-slot basis. On the other hand, Alt 1-1 seems to be only partially relevant to UE memory requirement and does not consider how many linked pairs need to be processed at the same time. For example, UE may have already received all of the n pairs of linked candidates but it may still be processing them, and m more pairs are being received; in this case, Alt 1-1 is only concerned with the m more pairs but not the n pairs under processing. So we think Alt 1-2 may be a better indicator of the UE capability.
For the issue that the limit is per CC or across all CCs, in principle, either way can work, and the UE implementation may be done according to which choice 3GPP makes. For example, if it is per CC, the UE implementation can allocate processing power and memory on a per-CC basis, and may not allow the processing power and memory to be shared across CCs. This may lead to simpler UE implementations as the CCs are more decoupled among each other. But if the limit is across CC, the UE implementation can allow the processing power and memory to be shared across CCs. The latter is less restrictive for UE implementation but it is a bit more complicated. Weighing the pros and cons, we prefer the limit to be across CCs. We also remark that in some cases, both limits can be imposed, such as there are some but not all processing power and memory sharable across CCs. For example, for a UE supporting 2 CCs, for the 2 CCs in total, a limit of 3 pairs of linked candidates may be reported, but each CC may have a limit of 2 (or even 3) pairs of linked candidates. This rules out the worst case of simultaneously 2 pairs on both CCs.
For the similar reason, the limit should also be 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
This alternative can also work but it introduces additional limitations to the specification and gNB flexibility. 
· 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.
As in the note, this capability is not strictly relevant to this issue. Even though a UE is capable of supporting linked candidates, how many pairs may be supported is still unclear. 
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Proposal 2: To handle UE complexity / memory requirements for linked PDCCH candidates, support Alt1: Address the issue by UE capability, where UE indicates a limit on the total number of linked candidates in a slot, and the limit is across all CCs and irrespective of AL.
· An additional limit per CC may also be reported.

PUCCH/PUSCH enhancement
Until 3GPP RAN1 Meeting #106bis-e, several sets of agreements concerning PUCCH/PUSCH enhancements were achieved. An agreement with open issues is captured as follows:
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,
1. 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.
0. FFS: value of d
1. 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).
1. The minimal gap between associated NZP-CSI-RS and aperiodic SRS is same as Rel-15/16.
1. [bookmark: _Hlk86682852]Alt.3: Introduce a UE capability on UE support simultaneous precoding calculation for different associated NZP-CSI-RS within a CC.
2. The minimal gap between associated NZP-CSI-RS and aperiodic SRS is same as Rel-15/16.
1. Alt. 4: There is nothing wrong with the legacy procedures and capability indication to handle this issue. No changes to spec.

For the minimal gap between associated NZP-CSI-RS and aperiodic NCB SRS for PUSCH repetition, as discussed before, Rel-15 provides UE Feature Group relevant for this issue:
	Srs-AssocCSI-RS
Parameters for the calculation of the precoder for SRS transmission based on channel measurements using associated NZP CSI-RS resource (srs-AssocCSI-RS) as described in clause 6.1.1.2 of TS 38.214 [12]. UE supporting this feature shall also indicate support of non-codebook based PUSCH transmission.
This capability signalling includes list of the following parameters:
-	maxNumberTxPortsPerResource indicates the maximum number of Tx ports in a resource;
-	maxNumberResourcesPerBand indicates the maximum number of resources across all CCs within a band simultaneously;
-	  totalNumberTxPortsPerBand indicates the total number of Tx ports across all CCs within a band simultaneously.


Depending on how the parameters are reported, a UE may be able to process multiple NCB SRS resource sets at the same time, and the SRS resource sets are for different PUSCH transmissions with different precodings. That is, for scenarios without PUSCH repetition, a UE may already be capable of processing and updating for multiple PUSCH precodings during overlapped slots, and minimal gap between associated NZP-CSI-RS and aperiodic NCB SRS was introduced for all cases with or without any overlap. 
With this capability, it is clear that the UE is also capable of processing and updating for multiple PUSCH precodings for PUSCH repetition during overlapped slots. The legacy definition of minimal gap does not need to be modified for PUSCH repetition. Hence, Alt 3 should be supported.
Proposal 3: For NCB based mTRP PUSCH repetition, on the minimal gap between associated NZP-CSI-RS and aperiodic NCB SRS, support Alt.3: Introduce a UE capability on UE support simultaneous precoding calculation for different associated NZP-CSI-RS within a CC, and the minimal gap between associated NZP-CSI-RS and aperiodic SRS is same as Rel-15/16.

[bookmark: _Ref129681832]Conclusion
In this contribution, we discussed non-PDSCH design with multi-TRP, focused on improving the reliability of the non-PDSCH channels. The following are proposed:
Proposal 1: For ambiguity resolution for a detected DCI on partially overlapping CCEs:
· Follow the linked candidates if ambiguity arises with any individual candidate 
· Assume AL16 otherwise.
Proposal 2: To handle UE complexity / memory requirements for linked PDCCH candidates, support Alt1: Address the issue by UE capability, where UE indicates a limit on the total number of linked candidates in a slot, and the limit is across all CCs and irrespective of AL.
· An additional limit per CC may also be reported.

Proposal 3: For NCB based mTRP PUSCH repetition, on the minimal gap between associated NZP-CSI-RS and aperiodic NCB SRS, support Alt.3: Introduce a UE capability on UE support simultaneous precoding calculation for different associated NZP-CSI-RS within a CC, and the minimal gap between associated NZP-CSI-RS and aperiodic SRS is same as Rel-15/16.

