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Introduction
According to NR MIMO WID RP-193133, the following is the scope of work in this AI.
	· 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 this contribution we provide our views on the features that should be considered to improve reliability for PUSCH and PUCCH channels using multi-TRP/multi-panel framework.
PDCCH

Candidate dropping

	Agreement
For PDCCH repetition with two linked candidates, if due to Rel. 15/16 procedures, one of the linked candidates is not monitored (is dropped)
· Option 1: UE still monitors the linked candidate that is not dropped and interprets the DCI based on Rel. 17 PDCCH rules (wrt reference PDCCH candidate)
· At least the following Rel. 15/16 rules are applicable for this purpose:
· Case 1: Overlap with SSB
· Case 2: Overlap with rate matching resources: RateMatchPattern, lte-CRS-ToMatchAround, or LTE-CRS-PatternList-r16, availableRB-SetPerCell-r16
· Case 3: Due to TDD DL/UL related conflicts: Overlap with semi-static / dynamic UL symbols or overlap with PRACH
· FFS: Case 4: QCL-TypeD prioritization rule among CORESETs result in one of the linked candidates not being monitored
· FFS: Case 6: Overlap with reserved PRB(s) and OFDM symbol(s) indicated by DCI format 2_1 where UE may assume no transmission intended for the UE
· Other cases are not precluded
· This does not impact the BD count for both dropped and non-dropped PDCCH candidates



As briefly discussed in RAN1#106-e, for Case 6 we believe that Rel. 15 behaviour (whether DCI format 2_1 results in dropping a PDCCH candidate) given that DCI format 2_1 is received after PDCCH is that a UE can simply set LLRs associated with the pre-empted REs to 0 while the associated PDCCH (that may or may not have been decoded already) is not considered dropped. In view of this there is no need to add Case 6 to the list.

For Case 4, we expect and propose that a UE capable of PDSCH reception on overlapping OFDM symbols with 2 QCL Type-D assumptions should also be able to utilize such ability for PDCCH reception – we should remove this unnecessary restriction from the specifications. In this case it is quite similar to the other cases and should be included in the list.
Proposal-1: If one of the linked candidates is not monitored (is dropped), then specified UE behaviour (UE monitors the other linked candidate) should be extended to cover Case 4 (dropping due to QCL Type D prioritization rule). There is no need to consider pre-emption cases (DCI 2-1) because PDCCH is not considered dropped in such cases. 

Overbooking

	Agreement 
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.



Case 1: 
In the case, a UE reports 2BDs and it is left up to UE implementation on whether it performs individual decoding or whether it performs soft combining. This information is unknown to the gNB. The benefit of Alt2 is that if the UE does not perform individual decoding then there is no point in monitoring one of the liked SS-sets, instead it is more efficient to utilize the BDs for monitoring some other SS-sets. The drawback of Alt2 is that if the UE performs individual decoding then it still makes sense to drop only one of the linked SS-sets. Therefore unless we can assume that a UE performs soft-combining (which we cannot currently) we do not see the need to specify Alt2.

Case 2: 
In this case, a UE is generally expected that individual decoding will be supported by the UE (unclear if it will be specified or not) and Alt-1 would be appropriate for such case. Alt1-2 can get the job done with less specification impact.

Proposal-2: For overbooking in the PCell for USS with two linked SS sets in the same slot/span for Case 1, we do not see the need for specification change unless we can assume that a UE performs soft-combining (which we cannot currently), for Case 2 specify that individual decoding will be supported and specify Alt-1 (Alt1-2 can be sufficient)

UE complexity

	Agreement 
Study whether/how to handle UE complexity / memory requirements for linked PDCCH candidates
· The following cases can be considered:
· Case 1: One pair of linked MO’s of one pair of linked SS sets in a given slot with large number of candidates.
· Case 2: Multiple pairs of linked MO’s of one pair of linked SS sets in a given slot, where MO’s of the two SS sets are not interlaced
· Case 3: For two pairs of linked SS sets (e.g. SS sets 1 and 2 are linked, and SS sets 3 and 4 are linked), a MO of any of the SS sets (e.g. SS set 3) is in between two linked MOs of another two SS sets (e.g. SS sets 1 and 2).
· Other cases are not precluded.
· Examples of possible mechanisms to address the issue: Restrictions in the spec, UE capability, limit total number linked candidates in a slot, limit total number of linked candidates / CCEs at any given time (similar to CPU occupation)
· Whether the solution should also depend on AL of linked candidates
· The case of CA can also be considered
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Figure 1: LLR storage buffer re-used within a slot
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Figure 2: LLR storage buffer not re-used within a slot



The UE complexity due to LLR storage was brought up in RAN1#106-e. In general the issue at hand is about the re-use of LLR buffer within a slot – for e.g. as shown above if linked candidates are not interlaced LLR buffer may be re-used while if linked candidates are interlaced LLR buffer re-use may not be possible. We note that PDCCH decoding time is non negligible and therefore full re-use of PDCCH buffer may not be possible even in the non-interlaced case. If a UE supports individual decoding then re-use of buffer becomes a statistical quantity. Such buffer re-use discussions are more critical for inter-slot case that is not supported in Rel-17. It seems a limit on the number of linked candidates per slot could be a reasonable starting point for such discussions.

Proposal-3: A limit on the total number of linked candidates in a slot could be a starting point for addressing UE complexity issues (Case 1, Case 2 and Case 3) if deemed necessary. Further specifications to address complexity issues is FFS. 

Overlapping candidates

	Agreement
When one of the linked PDCCH candidates uses the same set of CCEs as an individual (unlinked) PDCCH candidate, and they both are associated with the same DCI size, scrambling, and CORESET
· Interpretation of the detected DCI is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate). 
· Whether the individual candidate is monitored or not is determined by a UE capability 
· FFS (In UE feature session): The details including reusing the reported number of BDs for this purpose, or relation to reported number of BDs
· In both cases, the individual candidate is not counted toward the BD limit.
· UE capability for max number of such overlaps is introduced 
· FFS: Value of 0 is included as a candidate value for the UE capability
· The details to be discussed as part of UE capability discussions
· FFS: When the individual candidate is monitored, the scenario where the other linked candidate is also “overlapping” (same CORESET, DCI size, CCEs, scrambling) with a second individual candidate



We think that reporting a value of 0 is not needed because it is sufficient for the UE to report that it is not able to monitor the individual candidate. Also, the last FFS condition can be treated as already covered by the current agreement. There is no further agreement needed. 
Proposal-4: No further specification is needed for UE behaviour for overlapping candidates (individual and linked candidates are overlapping)

Single CORESET repetition

	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, and option 2 is supported
· Option 2: The one with the lowest SS set ID is applied.
· FFS: Support of Option 2 does not mean PDCCH repetition based on two linked search space set within one CORESET is supported 



We believe single-TRP PDCCH repetition should be supported by reusing the mTRP repetition framework. This can be beneficial to improve PDCCH reliability beyond AL16 while re-using the hardware in UEs supporting multi-TRP PDCCH repetition. The specifications can naturally support 2 linked SS sets from the same CORESET. There is no need to add restrictions.
Proposal-5: There is no need to add restrictions to disallow single TRP PDCCH repetitions

Type B time reference

	Working Assumption
If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition, d1,1 for PDSCH processing time is determined
· Option 2: By considering the PDCCH candidate that results in larger d1,1 value
· Note: Above applies at least for UEs doing selective decoding
FFS: Relaxation of processing time for soft combining of linked PDCCH candidates including PUSCH processing, PDSCH processing for mapping Type A and B, AP CSI processing, DCI processing (N timeline), etc.
FFS: How above applies for UEs doing soft combining



We don’t expect further specification for Relaxation of processing time for soft combining of linked PDCCH candidates including PUSCH processing, PDSCH processing for mapping Type A and B, AP CSI processing, etc. due to soft-combining. For soft-combining cases, BD count already reflects soft-combining complexity for the slot.

Proposal-6: No further specification is needed for Relaxation of processing time for soft combining of linked PDCCH candidates including PUSCH processing, PDSCH processing for mapping Type A and B, AP CSI processing

QCL Type D for multi-panel UE 

	Agreement
For a UE supporting reception with two different beams and configured with PDCCH repetitions, for determination of two QCL-TypeD properties for multiple overlapping CORESETs, down-select from the following Alts in RAN1 #106-bis-e:
· Alt1: Identify the two QCL-Type D properties based on legacy priority order.
· Alt2: Reuse legacy priority rule to identify the first QCL-TypeD property, and then, identify the second QCL-TypeD according to one of the SS sets that is linked with a SS set with the first QCL-TypeD (among the multiple overlapping CORESETs)
· In the case of multiple such SS set pairs, Rel. 15 priority order is followed for the second QCL-TypeD determination
· FFS: The case of no such SS set pair
· Alt3: Assign same priority for two linked search space sets for PDCCH transmission with overlapping monitoring occasions (the priority is according to one of the two SS sets with a lower SS set ID)
· Priority order: SS type (USS/CSS) > linkage of SS sets > cell index > associated SS set ID
· Linked SS set has higher priority than individual SS set
· FFS: The case that the first QCL-TypeD is from unlinked CSS
· FFS: The case of no linked SS sets among the multiple overlapping CORESETs




With respect to Alt3, we think the rationale for prioritizing linked SS sets over individual SS sets irrespective of traffic priority and other scheduling aspects is not clear and the gNB has no control over it. We think Alt2 solves the problem in the case a SS-set pair is configured and CORESETPoolIndex is not configured.
If two CORESETPoolIndex is configured, we propose to apply Rel-15 rules per CORESETPoolIndex. In our view, for mDCI operation, the Rel-15 PDCCH prioritization technique can be easily extended by specifying the prioritization operation within the set of CORESETs associated with the same value of CORESETPoolIndex.

Proposal-7: Support Alt-2 (support legacy rule to identify the first QCL Type D property, then identify second QCL Type D based on linked SS set if CORESETPoolIndex is not configured. If CORESETPoolIndex is configured, apply Rel-15 rules within the set of CORESETs associated with the same value of CORESETPoolIndex.

Multi-DCI

It is not clear whether/how to support PDCCH repetition for multi-DCI based multi-TRP operation. We think for the case of multi-DCI multi-TRP, PDCCH repetition could be allowed within the same CORESETPoolIndex value (this avoids mixing of PDCCH repetition with out of order scheduling).

Proposal-8: For multi-DCI multi-TRP, PDCCH repetition could be allowed within the same CORESETPoolIndex value.

PUSCH
Power Headroom Reporting
	For further study in future meetings (105-e):
For PHR reporting related to M-TRP PUSCH repetition, study following aspects related to option 4, 
· Option 4: Calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.
· FFS1: How the PHRs are calculated for reporting (actual PHR or virtual PHR)
· FFS2: How the PHRs are calculated for reporting for other CCs if the multi-cell PHR MAC CE is applied.
· FFS3: Required changes to triggering conditions including the required higher layer parameters (e.g.,’phr-PeriodicTimer’, ‘phr-ProhibitTimer’, ‘phr-Tx-PowerFactorChange’ as TRP specific).
· FFS4: Report P-MPR and MPE per TRP within the same MAC-CE extension.
Note: Down-selection between Options 1-5 will be based on this study as well as the trade-off between benefit versus UE complexity.
Agreement (106e)
For PHR reporting related to M-TRP PUSCH repetition, support Option 4 as UE optional capability for a UE that supports mTRP PUSCH, 
· Option 4: Calculate two PHRs (at least corresponding to the CC that applies m-TRP PUSCH repetitions), each associated with a first PUSCH occasion to each TRP, and report two PHRs.

Agreement (106e)
For option 4, support the following: 
· When PHR MAC-CE is reported in slot n, for a CC that is configured with mTRP PUSCH repetition, second PHR value is determined as, 
· If the first PHR value is actual PHR (based on Rel. 15/16) corresponding to a repetition among mTRP PUSCH repetitions associated with a given TRP, the second PHR value, select Alt. 2A 
· Alt.2A: Is actual only when a repetition associated with the other TRP is transmitted in slot n. Otherwise, it is virtual.
· If there are multiple repetitions associated with the other TRP in slot n, the earliest one in slot n is selected.
· If the first PHR value is actual PHR (based on Rel. 15/16) but not corresponding to a repetition among mTRP PUSCH repetitions (corresponds to sTRP PUSCH), select Alt. 1B 
· Alt1B: a second PHR value is reported as virtual PHR.
· If the first PHR value is virtual, select Alt. 1C 
· Alt1C: a second PHR value is reported as virtual PHR.
· Note: It was agreed that when second PHR is virtual, it is calculated based on a set of default power control parameters defined for the other TRP (that is not associated with the first PHR)
· Note: It was agreed that the above is applicable to both single entry and multi-entry PHR reports




In Rel-17, it has been agreed that two PHRs, which correspond to the two PUSCH repetitions towards the two TRPs, are reported in mTRP PHR reporting. And when PHR MAC-CE is reported in slot n, for a CC that is configured with mTRP PUSCH repetition, the second PHR value is determined based on the first PHR value. We also have agreed the following association between the DCI codepoint for dynamic sTRP/mTRP switching and the two SRS resource sets.
		Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

	00
	s-TRP mode with 1st SRS resource set (TRP1)
	1st SRI/TPMI field (2nd field is unused)

	01
	s-TRP mode with 2nd SRS resource set (TRP2)
	1st SRI/TPMI field (2nd field is unused)

	10
	m-TRP mode with (TRP1,TRP2 order)
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields

	11
	m-TRP mode with (TRP2,TRP1 order)
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields


· For Codepoint “11”, the first repetition in time is associated with the second SRS resource set, and the remaining repetitions follow the configured mapping pattern (cyclic or sequential).
· For Codepoint “10”, the first repetition in time is associated with the first SRS resource set, and the remaining repetitions follow the configured mapping pattern (cyclic or sequential).


Based on these agreements, there are two options to associate PHR1/PHR2 to the PUSCH repetitions to TRP1/TRP2 as follows. 
· Option-1 (static association): the first PHR is always associated to the 1st SRS resource set, the second PHR is always associated to the 2nd SRS resource set. In other words, this association is indicated through RRC statically.
· Option-2 (dynamic association): the association is dependent on the sTRP/mTRP switching field in DCI. Specifically, when codepoints ‘00’ or ‘10’ is indicated, the first PHR and second PHR are associated to the 1st /and the 2nd SRS resource sets, respectively. When codepoints ‘01’ or ‘11’ is indicated, the first PHR and second PHR are associated to the 2nd and the 1st SRS resource sets, respectively.
When option-1 is used, the first PHR is not correspond to the 1st PUSCH repetition in time when codepoint ‘11’ or ‘01’ is indicated in the sTRP/mTRP switching field in DCI. However, the last agreement for determining the second PHR is related to timeline issue. In order to avoid the ambiguity, we believe it is worth to use option-2 to specify the association between the two PHRs and the two SRS resource sets. 
Meanwhile, the UE should know the corresponding pathloss RS to compute the first and the second PHR. This can be indicated by RRC parameter, PUSCH-PathlossReferenceRS-Id, which is associated with either an ssb-index or a csi-RS-index in PUSCH-PathlossReferenceRS as follows.
[image: ]

Proposal-9: For multi-TRP PHR reporting, the first PHR and the second PHR corresponds to the ordering of the TRPs (SRS resource sets) based on the DCI codepoint
 
UCI Multiplexing
	105e Agreement
For multi-TRP PUCCH (scheme 1 and 3) and PUSCH (Type A and B) repetition, when the number of repetitions is equal to two, the first and second transmission occasion shall be associated with two TRPs, respectively (two UL beams or Power control parameter sets), regardless of the configured mapping pattern. 
· Note: For M-TRP PUSCH type B, the number of repetitions refers to ‘nominal’ repetition.

105e Agreement (A-CSI)
For s-DCI based multi-TRP PUSCH repetition Type A and B, support transmitting A-CSI on the first PUSCH repetition corresponding to the first beam and the first PUSCH repetition corresponding to the second beam when there is no TB carried in the PUSCH. 
· The UE assumes that the number of repetitions is 2 regardless of the indicated number of repetitions. 
· The UE is expected to follow the above operation for transmitting A-CSI on two PUSCH repetitions only if 
· For PUSCH repetition Type B, the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, respectively (no segmentation). 
· For PUSCH repetition Type A and B, UCIs other than the A-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE transmits A-CSI only on the first PUSCH repetition similar to Rel. 15/16.
· Note: The scheduling offset for the first A-CSI should meet the Z and Z’ requirement

106e Agreement (SP-CSI)
For SP-CSI report on mTRP PUSCH repetition Type A and B activated by a DCI, support the use of a similar mechanism to A-CSI multiplexing on M-TRP PUSCH without a TB, which includes the following,
· When SP-CSI multiplexed on m-TRP PUSCH, SP-CSI multiplexed on the two repetitions associated with the two TRPs, and the number of repetitions is always assumed to be 2, regardless of the value indicated.
· For mTRP PUSCH repetition Type A, or for the first PUSCH after activation for PUSCH repetition Type B, reuse similar conditions to support SP-CSI multiplexing on m-TRP PUSCH as defined in A-CSI multiplexing on M-TRP PUSCH, i.e., 
· The UE is expected to follow the above operation for transmitting SP-CSI on two PUSCH repetitions only if 
· For the first PUSCH after activation for PUSCH repetition Type B, the first and second nominal repetitions are expected to be the same as the first and second actual repetitions, respectively (no segmentation). 
· For PUSCH repetition Type A and B, UCIs other than the SP-CSI are not multiplexed on any of the two PUSCH repetitions.
· When the UE does not follow the above operation, UE transmits SP-CSI only on the first PUSCH repetition similar to Rel. 15/16.
· For subsequent PUSCHs after activation (without corresponding PDCCH) for PUSCH repetition Type B, use the following criteria, 
· If the first / second nominal repetition is not the same as the first / second actual repetition, the first / second nominal repetition is dropped
· If one of the first or second nominal repetitions is not dropped, SP-CSI is multiplexed on that repetition
· Else (the first and second nominal repetitions are the same as the first and second actual repetitions) 
· If UCIs other than the SP-CSI are not multiplexed on any of the two PUSCH repetitions, SP-CSI is multiplexed on both repetitions.
· Otherwise, UE transmits SP-CSI only on the first PUSCH repetition similar to Rel. 15/16 (and the second repetition is dropped)




In Rel-17, it has been agreed that A-CSI and SP-CSI can be multiplexed to the mTRP PUSCH repetitions, where the UE always assumes that the number of repetitions is 2 regardless of the indicated number of repetitions. 
In general, the Rel-15/16 PUSCH and PUCCH collision handling rules can be summarized as 1) when PUCCH repetitions collide with PUSCH repetitions, the PUSCH repetitions are dropped, 2) when a PUCCH transmission collides with PUSCH repetitions, the UCI in PUCCH is multiplexed on PUSCH repetitions and the PUCCH is dropped. These rules are designed without considering the mTRP repetitions. In some special mTRP operation scenarios, the current PUSCH/PUCCH collision handling rules can be adapted. 
For example, when A-CSI or SP-CSI is multiplexed on two mTRP PUSCH repetitions without data, and the mTRP PUCCH repetitions overlap with the PUSCH repetitions, and the overlapped PUCCH and PUSCH is targeted to the same TRP (which is ensured by gNB implementation), as shown in Figure 2, we can multiplex the UCI on both PUSCH repetitions and drop the PUCCH repetitions. 


[bookmark: _Ref82984534]Figure 2. UCI and A-CSI multiplexing for multi-TRP operation

Proposal-10: When A-CSI or SP-CSI is multiplexed on two mTRP PUSCH repetitions without data, and the mTRP PUCCH repetitions overlap with the PUSCH repetitions, and the overlapped PUCCH and PUSCH is targeted to the same TRP (which is ensured by gNB implementation), multiplex the UCI on both PUSCH repetitions and drop the PUCCH repetitions. 


Conclusions

PDCCH
Proposal-1: If one of the linked candidates is not monitored (is dropped), then specified UE behaviour (UE monitors the other linked candidate) should be extended to cover Case 4 (dropping due to QCL Type D prioritization rule). There is no need to consider pre-emption cases (DCI 2-1) because PDCCH is not considered dropped in such cases. 
Proposal-2: For overbooking in the PCell for USS with two linked SS sets in the same slot/span for Case 1, we do not see the need for specification change unless we can assume that a UE performs soft-combining (which we cannot currently), for Case 2 specify that individual decoding will be supported and specify Alt-1 (Alt1-2 can be sufficient)
Proposal-3: A limit on the total number of linked candidates in a slot could be a starting point for addressing UE complexity issues (Case 1, Case 2 and Case 3) if deemed necessary. Further specifications to address complexity issues is FFS. 
Proposal-4: No further specification is needed for UE behaviour for overlapping candidates (individual and linked candidates are overlapping)
Proposal-5: There is no need to add restrictions to disallow single TRP PDCCH repetitions
Proposal-6: No further specification is needed for Relaxation of processing time for soft combining of linked PDCCH candidates including PUSCH processing, PDSCH processing for mapping Type A and B, AP CSI processing
Proposal-7: Support Alt-2 (support legacy rule to identify the first QCL Type D property, then identify second QCL Type D based on linked SS set if CORESETPoolIndex is not configured. If CORESETPoolIndex is configured, apply Rel-15 rules within the set of CORESETs associated with the same value of CORESETPoolIndex.
Proposal-8: For multi-DCI multi-TRP, PDCCH repetition could be allowed within the same CORESETPoolIndex value.

PUSCH
Proposal-9: For multi-TRP PHR reporting, the first PHR and the second PHR corresponds to the ordering of the TRPs (SRS resource sets) based on the DCI codepoint
Proposal-10: When A-CSI or SP-CSI is multiplexed on two mTRP PUSCH repetitions without data, and the mTRP PUCCH repetitions overlap with the PUSCH repetitions, and the overlapped PUCCH and PUSCH is targeted to the same TRP (which is ensured by gNB implementation), multiplex the UCI on both PUSCH repetitions and drop the PUCCH repetitions. 
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