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1 Introduction
In this contribution, we discuss enhancements of multi-TRP based PDCCH, PUSCH and PUCCH transmission to improve the reliability and robustness. 
2 PDCCH enhancements
In this section, we discuss the remaining issues of PDCCH enhancements based on the agreement achieved in the last meeting [1]. 
2.1 BD counting and decoding behavior for PDCCH repetition
2.1.1 BD counting in 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.

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)


In last meeting, it has been agreed to reuse existing spec for overbooking when 2 BDs are counted for the linked candidates. In this case, UE decoding behaviour for the linked candidates with 2 BDs is almost same as legacy behaviour for 2 individual candidates, since UE can perform selective decoding and reuse current overbooking mechanism for BD counting. While the situation is quite different for the linked candidates with 3 BDs, where UE should perform decoding with soft combining and the legacy rule cannot be reused anymore for overbooking. 
There are several problems due to the fall back to individual SS set for Alt1. Firstly, the reliability of PDCCH is degraded that the URLLC requirement cannot be fulfilled. Note that, at least for the case without blockage, remarkable gains can be achieved by soft combining. So robustness can hardly be achieved by using only one of the linked candidates with 3 BDs. In addition, Alt1 would introduce more complexity in BD counting since the linked SS sets have to be counted twice. 
Therefore, the following is proposed:
Proposal 1: For overbooking with two linked SS sets in the same slot/span, Alt2 is supported for the case that 3 BDs are counted for the linked candidates, i.e., considering the SS set pair together (both are kept or both are dropped). 

2.1.2 Overlapping of a linked candidates with an individual candidate
	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


Whether the individual candidate is monitored or not in case of overlapping with one of linked candidates depends on the UE decoding assumption. If the linked candidates are decoded individually, then the overlapped individual candidate can also be monitored without additional decoding procedure, so it’s reasonable not to count the individual candidate. And if only soft-combination is performed in decoding, then the individual candidate will not be monitored since additional decoding is needed.
As shown in [2], there’s significant performance difference between soft-combination and individual decoding for PDCCH. Therefore, the awareness of decoding assumption of the linked candidates at gNB side is beneficial for PDCCH scheduling. This can be implied by the BD number reported as UE capability. For example, a typical implementation of 2 BDs is that UE decodes the linked candidates individually. And for soft-combining that requires further processing, UE can report a capability of 3 BDs to relax the requirement. 
Therefore, if 2 BDs are report for the linked candidates, the individual candidate which is overlapped with the linked candidates can be monitored. However, if UE reports 3 BDs, whether the individual candidate is monitored or not should be reported by the UE due to different implementation. For example, if the UE doesn’t perform individual decoding on either one of the candidates, it cannot monitor the individual candidate. And if the UE performs both individual decoding and soft-combining for the linked candidates, it can support the monitoring of the individual candidate. 
Proposal 2: When an individual candidate uses the same set of CCEs as one of a linked PDCCH candidates, and they both are associated with the same DCI size, scrambling, and CORESET,
· The individual candidate is assumed to be monitored for the case that 2 BDs are counted for the linked two PDCCH candidates;
· Whether the individual candidate is assumed to be monitored or not for the case that 3 BDs are counted for the linked two PDCCH candidates should be reported by the UE.
2.1.3 Overlapping of Type-3 CSS with a linked candidate
It was agreed in RAN1#90bis meeting that the type 3 CSS should be configured within the first 3 symbols, which has been captured in 38.331. This is to resolve the timeline of SFI indication, otherwise, there would be problem on operations such as the cancellation of UL transmission/DL reception due to the collision with SFI indication.
	Agreements (RAN1#90bis):
· GC-PDCCH for dynamic SFI monitoring
· For same cell GC-PDCCH monitoring: UE is required to monitor at most one GC-PDCCH per spatial QCL per configuration period carrying dynamic SFI in the active BWP in the cell
· The coreset(s) is located in the first 1/2/3 symbols in a slot
· Configuration of GC-PDCCH for UE to monitor is FFS especially considering interaction with BWP configuration
· Note: This is not intended to address the case of multi-TRP which is deprioritized before Dec. 
· When configuring the GC-PDCCH monitoring for dynamic SFI, the gNB will configure the payload length 
· When configuring the GC PDCCH monitoring for dynamic SFI for a serving cell, the gNB will configure the location of the bits used for the dynamic SFI in the payload


However, as shown in Figure 4, if format 2_0 in Type3 CSS is overlapped with a linked candidate, there would be problem for the timeline and operations depending on slot format, such as the cancellation of UL transmission/DL reception due to the collision with SFI indication. This is because the format 2_0 in Type3 CSS would be interpreted according to Rel-17 rule, and the restriction that it should be within the first 3 symbols is broken, as shown in left figure of figure 1.
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Figure 1. Interpretation of DCI format 2_0 regarding to the limitation that it’s within the first three symbols of a slot
To resolve the above problem, there can be two options:
· Option A: it is expected that the linked candidates overlapped with Type3 CSS are within the first 3 symbols.
· Option B: the detected DCI format 2_0 in Type3 CSS is interpreted as an individual PDCCH. 
Option A would introduce scheduling restriction. While Option B is more flexible and has no impact on the processing of DCI decoding, therefore Option B is preferred.
So we have the following proposal: 
Proposal 3: For a Type3 CSS without repetition, the DCI format 2_0 carried on the CSS is interpreted as Rel-15 PDCCH rule, if it uses the same set of CCEs with one of the linked PDCCH candidates and they both are associated with the same DCI size, scrambling and CORESET.
Similar to DCI format 2_0, the DCI triggering BWP switching is restricted within the first 3 symbols of a slot because UE processing timeline should be taken into account, i.e., DCI processing, for the related parameters preparation for the indicated BWP, switching delay, etc.
	A UE expects to detect a DCI format with a BWP indicator field that indicates an active UL BWP change or an active DL BWP change only if a corresponding PDCCH is received within the first 3 symbols of a slot. 


For the DCI indicating BWP switching with linked PDCCH candidates, the corresponding PDCCH repetitions should also be within the first 3 symbols.  Otherwise, the UE may fail to switch to the indicated BWP within the predefined timeline. Therefore, considering UE processing timeline and in consistency with Rel-15, we have the following proposal: 
Proposal 4: The UE expects to detect a DCI indicating BWP switching only if the corresponding PDCCH repetitions are within the first 3 symbols of a slot.

2.2 UE behavior when AL8 and AL16 candidates are overlapped
	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)


In last meeting, is the ambiguity in overlapping of AL 8 and AL 16 candidates was discussed, and 4 possible overlapping cases are identified, as shown in Figure 3. Since AL16 is the repetition of AL8, UE cannot distinguish whether the decoded candidate is with AL8 or AL16. 
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Figure 3. Cases with ambiguity when AL8 and AL16 are overlapped
There are two issues for these cases: PDSCH rate matching and DCI interpretation. 
For the first issue on how to perform PDSCH rate matching around the monitored PDCCH candidate, to avoid the ambiguity between gNB and UE, all of the related candidates should be rate matched around. 
Proposal 5: For two candidates with AL8 and AL16 that are overlapped, when at least one of them is linked with other candidate, and UE receives a DCI on any of the two overlapped candidates, 
· PDSCH should rate match around the two candidates and any candidate linked with any of the two candidates. 
For the second issue on how to interpret the decoded DCI on the overlapped candidates, we have had a lot of agreements on the interpretation, especially the reference candidate for the linked candidates, which can be summarized as following. 
· Category-1: The reference candidate is the candidate that starts earlier in time of the two linked candidates:
· To determine the symbols that interrupted transmission indication provided by DCI format 2_1 is applied to
· To determine the first symbol of PDCCH providing DCI format 2_4 on the conditions for applicability / validity of cancelation indication in 38.213
· To determine the most recent transmission of SRS resource(s) identified by the SRI
· 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
· Category-2: The reference candidate is the candidate that ends later in time of the two linked candidates:
· The following legacy rule is followed when the reference candidate is received outside the first three symbols of the slot: When the DCI format 0_1 or 1_1 with 'Minimum applicable scheduling offset indicator' field is received outside the first three symbols of the slot, value of Zµ from Table 5.3.1-1 is incremented by one before determining the application delay X
· For determination of set of symbols that cancelation indication in DCI format 2_4 is applied to
· For the switching timeline (P_switch) when the DCI format that triggers a SS set group switching is detected in linked PDCCH candidates
· To determine whether the TPC command is within the TPC application time window or not when DCI format 2_2/2_3 with TPC command is detected
· For timeline between PDCCH spans carrying BWP switching and CSI trigger respectively
· To determine the conditions for receiving SPS PDSCH release DCI and the SPS PDSCH in the same slot
· For N timeline and the HARQ ACK slot offset in the case that DL DCI does not schedule PDSCH but requests HARQ-Ack: SPS release DCI, SCell dormancy indication, requesting Type-3 HARQ-Ack codebook
· For SPS PDSCH cancelation timeline (14 symbols)
· For PUCCH resource overriding timeline (N3)
· For starting drx-InacitivityTimer
· For timeline to send PRACH in response to PDCCH order
· For PDSCH / AP-CSI-RS reception preparation time with cross carrier scheduling with different SCS’s for PDCCH and PDSCH / AP-CSI-RS, i.e., minimum scheduling delay Npdsch and Ncsirs
· For PHR timeline conditions for virtual versus actual PHR
· For TPC application time window to determine whether a TPC command is applicable or not
· For CPU occupation duration for AP-CSI
· For the purpose of the earliest time that a PDSCH with mapping Type B can be scheduled as well as for the purpose of the reference symbol for SLIV, and for the purpose of the earliest time AP-CSI-RS is transmitted
· 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
· To determine the last symbol of PDCCH for PUSCH preparation time (N2) and CSI computation time (Z)
· Category-3: The reference candidate is the candidate with lowest SS set ID:
· 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
· Category-4: The reference candidate is the candidate associated with lower CORESET ID:
· If the TCI field is not present in the DCI, and the scheduling offset is equal to or larger than timeDurationForQCL if applicable, to determine the default PDSCH QCL assumption
For cases a and b, since UE cannot distinguish the individual candidate and the linked candidates, the reference DCI should follow the linked candidates. 
For cases c1 and c2, since UE cannot distinguish the two pairs of linked candidates, the reference DCI should consider the different categories:
· Category 1: The reference candidate is the candidate that starts earlier in time of the two linked candidates. 
· The reference candidates should be the candidate that starts earliest in time among the two overlapped candidates and linked candidates
· Category 2: The reference candidate is the candidate that ends later in time of the two linked candidates. 
· The reference candidates should be the candidate that ends latest in time among the two overlapped candidates and linked candidates
· Category 3: The reference candidate is the candidate with lower SS set ID of the two linked candidates.
· The reference candidates should be the candidate with lowest SS set ID among the two overlapped candidates and linked candidates
· Category 4: The reference candidate is the candidate associated with lower CORESET ID of the two linked candidates. 
· The reference candidates should be the candidate associated with lowest CORESET ID among the two overlapped candidates and linked candidates
To support a unified solution for the above cases, we propose that the reference DCI is selected from all linked candidates related to the overlapping candidates.
Proposal 6: For two candidates with AL8 and AL16 that are overlapped, when at least one of them is linked with other candidate, and UE receives a DCI on any of the two overlapped candidates, the reference DCI is selected from the overlapped candidate and all the candidates which are linked with any of them. 

2.3 UE complexity/memory requirement for the linked PDCCH candidates
	[bookmark: OLE_LINK2][bookmark: OLE_LINK4]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


The memory requirement for the decoding of linked PDCCH candidates is that UE has to buffer LLR if the soft combining in decoding is assumed. If selective decoding is assumed, there would be no further memory requirement. Therefore, the discussion here is mainly for UEs performing soft combining on the linked candidates. 
Observation 1: The memory requirement for the linked candidates is increased for the case that soft combining is assumed in decoding. 
Alt2 seems too restrict for scheduler as the monitoring occasion of the linked candidates should be interlaced. With this restriction, UE may need to switch the receiving beam frequently for Alt2, and DCI transmission delay may become larger since the time gaps between adjacent occasions should be reserved for beam switching. 
For Alt 1-2, the maximum number of linked candidates that can be supported by UE considering its memory capability depends on the configuration of the monitoring occasion. For example, in Figure 4, the memory requirement varies among different configurations. So Alt1-2 is not preferred. 
Similar as Alt1-2, for Alt3, the UE capability defined in R15/16 cannot directly reflect the memory requirement for soft combining, so how to resolve this issue by Alt3 is unclear. More discussion is needed to show which one or more UE capability reporting in R15/16 can be used to solve this issue. 
Alt1-1 seems the only reasonable solution since the reported number can directly reflect UE capability for memory requirement. As an example, Table 1 illustrates how to count the number of such candidates for the cases shown in Figure 4, and the required buffer is shown in Table 1. If UE reports the maximum number is 2, only Case 3 among the three cases is supported. 
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Case 1
[image: ]
Case 2
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Case 3
Figure 4. Example of the time domain pattern of 4 linked candidates
Table 1. The number of linked candidates for the three cases in Figure 4
	
	The number of linked candidates of which the first candidate is received and the second one has not been received at the last symbol of candidate 3 in SS set 0

	Case 1
	4

	Case 2
	4

	Case 3
	1



Proposal 7: If soft combining is assumed for the linked PDCCH candidates, support Alt 1-1, i.e., UE indicates the limitation of total number of linked candidates, of which the first candidate is received and the second one has not been received at any given time. 

2.4 Processing time of PDSCH with mapping Type B
	Agreement
Confirm the Working assumption in RAN1 #106-e:
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



[bookmark: OLE_LINK3]If both soft combining and individual decoding are assumed (decoding assumption 3 or 4) and the linked PDCCH candidates are overlapped, the relaxation of processing time should be considered. For example, the d1,1 can additionally add a value M on top of the d1,1 value as in current spec. In our view, at least PDSCH with mapping Type B needs such a relaxation, due to the tighter timeline of mapping Type B. 
[bookmark: OLE_LINK7]Proposal 8: If soft combining is assumed, the d1,1 value is relaxed by adding a value for PDSCH with mapping Type B. 

2.5 Other remaining issues related to the timeline of the linked candidates
	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  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



For issue a, in R15, if a CSI-RS resource overlaps with a CORESET in time domain, UE assumes that the CSI-RS and the CORESET are with the same 'QCL-TypeD'. Detailed description can be found in TS 38.214: 
For a CSI-RS resource associated with a NZP-CSI-RS-ResourceSet with the higher layer parameter repetition set to 'on', the UE shall not expect to be configured with CSI-RS over the symbols during which the UE is also configured to monitor the CORESET, while for other NZP-CSI-RS-ResourceSet configurations, if the UE is configured with a CSI-RS resource and a search space set associated with a CORESET in the same OFDM symbol(s), the UE may assume that the CSI-RS and a PDCCH DM-RS transmitted in all the search space sets associated with CORESET are quasi co-located with 'typeD', if 'typeD' is applicable. This also applies to the case when CSI-RS and the CORESET are in different intra-band component carriers, if 'typeD' is applicable.
When a CSI-RS overlaps with multiple CORESETs with two QCL-TypeDs, only one of the QCL-TypeD is assumed for the CSI-RS following legacy principle, e.g., the QCL-TypeD of the CORESET with lowest ID is assumed for the CSI-RS.
Proposal 9: For CSI-RS with repetition not set to ‘on’, when it overlaps with multiple CORESETs with different QCL-TypeD, the QCL-TypeD of the CORESET with lowest ID among the multiple CORESETs is assumed for the CSI-RS. 
For issue b, as defined in R15,  is used for determination of the starting RB of the initial BWP used for PDSCH scheduled by DCI format 1_0 in CSS. For CSS with repetition, one of the two CORESETs should be used for the determination of the starting RB. Detailed description can be found in TS 38.211:


For non-interleaved VRB-to-PRB mapping, virtual resource block  is mapped to physical resource block , except for PDSCH transmissions scheduled with DCI format 1_0 in a common search space in which case virtual resource block  is mapped to physical resource block  where  is the lowest-numbered physical resource block in the control resource set where the corresponding DCI was received.
For interleaved VRB-to-PRB mapping, the mapping process is defined by: 
…
-	for PDSCH transmissions scheduled with DCI format 1_0 in any common search space in bandwidth part  with starting position , other than Type0-PDCCH common search space in CORESET 0, the set of  virtual resource blocks , where  is the size of CORESET 0 if CORESET 0 is configured for the cell and the size of initial downlink bandwidth part if CORESET 0 is not configured for the cell, are divided into  virtual resource-block bundles in increasing order of the virtual resource-block number and virtual bundle number and the set of  physical resource blocks  are divided into  physical resource-block bundles in increasing order of the physical resource-block number and physical bundle number, where ,  is the bundle size, and  is the lowest-numbered physical resource block in the control resource set where the corresponding DCI was received.
…
From VRB to PRB mapping point of view, we didn’t see any difference to use any one of the linked candidates, therefore the CORESET with lower ID can be used following the rules for other cases.
Proposal 10: For PDCCH repetition of DCI format 1_0 on two linked CSS, the CORESET with lower ID of the CORESETs associated with the two linked CSS is used to determine the value of  for mapping VRB to PRB of a scheduled PDSCH.
For issue c, the dropping due to interruption doesn’t impact PDSCH rate matching on PDCCH in Rel-15/16, so the same principle should be assumed in R17. Furthermore, PDCCH dropping due to interruption is also undefined. So there seems no issue here. 
For issue d, current draft CR of TS 38.213 already covers the case, it seems unnecessary to discuss this issue.
3 PUSCH enhancements
3.1 CSI-RS processing time for SRS transmission in NCB
	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.



In R15, one SRS resource set can be configured associated with one CSI-RS resource, and 42 symbols are reserved for processing the CSI-RS for the associated SRS transmission. In R17, it has been agreed to support two SRS resource sets, each of which can be associated with one CSI-RS resource. And in this case, UE may have to process two different CSI-RS resources simultaneously. 
Both Alt1 and Alt2 are friendlier for UE implementation. However, Alt1 may introduce unnecessary delay of SRS transmission. As shown in Figure 5, with Alt1, the SRS associated with CSI-RS1 or CSI-RS2 would be delayed by d symbols, corresponding to overlapped symbols. However, the SRS associated with one of the CSI-RS may not need to be delayed. As can be seen in Figure 5, processing of CSI-RS#1 can follow the rule of R15, and after that, processing of CSI-RS#2 begins with a delay of 42+d symbols. In this case, only SRS associated with CSI-RS#2 needs to be delayed. Compared with Alt1, there’s always 42 symbols delay for Alt2. Therefore, Alt 2 is preferred.
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Figure 5. Example of Alt1
Proposal 11: For NCB based mTRP PUSCH repetition, on the overlapping of minimal gap between pairs of aperiodic NCB SRS and associated NZP-CSI-RS, support Alt2. 

3.2 UCI on multi-TRP based PUSCH
In current spec, if a PUSCH with repetition Type A overlaps with a PUCCH with HARQ-ACK and/or CSI over a single slot, the UE multiplexes the HARQ-ACK and/or CSI on the PUSCH in the overlapped slot. For a multi-TRP PUSCH transmission, to achieve the robustness provided by multi-beam PUSCH also for UCI, the UCI in the PUCCH should be multiplexed on two PUSCH repetitions with different beams. For example, the UCI of the PUCCH should be multiplexed on the PUSCH overlapped with the PUCCH in slot n and also the most resent PUSCH after slot n with the other beam. 
[image: ]
Figure 8 UCI multiplexing on multiple PUSCH slot
Similarly, if a PUSCH with repetition Type B overlaps with a PUCCH with HARQ-ACK and/or CSI over a single slot t, the UE multiplexes the HARQ-ACK and/or CSI in the earliest actual PUSCH repetition overlapping with the PUCCH. And, to achieve the robustness provided by multi-beam PUSCH for UCI, the UCI in the PUCCH should also be multiplexed on two repetitions with different beams. 
[image: ]
Figure 9 UCI multiplexing on multiple actual PUSCH repetitions
[bookmark: OLE_LINK5]Proposal 12: When PUCCH without repetition carrying HARQ-ACK and/or CSI overlaps with multi-TRP PUSCH transmission, the UCI of the PUCCH is multiplexed on two PUSCH repetitions with different beams.

4 PUCCH enhancements
4.1 Collision handling of multi-TRP PUCCH repetitions
In Rel-15, a PUCCH transmission with slot based repetition is supported. If a PUCCH with slot based repetition overlaps with another PUCCH carrying SR over one or more slots, the PUCCH carrying SR in overlapping slots would be dropped. There is no impact on the transmission of the SR in the remaining non-overlapping slots.
In Rel-17, it has been agreed that both intra-slot and inter-slot based PUCCH repetitions were supported in previous meetings. If an inter-slot based PUCCH repetition carrying HARQ overlaps with a PUCCH carrying SR as shown in Figure 10, the PUCCH carrying SR would be dropped if legacy Rel-15 rule is reused. However, if the SR is for URLLC traffic, it would delay at least 8 slots, which cannot fulfil the latency requirement for URLLC services. 
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Figure 10 Reuse Rel-15 collision handling rule for MTRP PUCCH repetition in Rel-17

[bookmark: _GoBack]Observation 2: Reusing Rel-15/16 collision handling rules for multi-TRP based PUCCH repetition in Rel-17 would result in large delay for SR.
Thus, enhancements on collision handling rules for M-TRP PUCCH repetition in Rel-17 should be discussed. For example, multiplexing instead of dropping UCI in all PUCCH repetitions corresponding to different beams/TRPs would be beneficial to improve robustness and reliability. 
Proposal 13: Consider enhancements on UCI multiplexing for multi-TRP based PUCCH repetition in Rel-17.

5 Conclusion
This contribution has provided our analysis and consideration reliability/robustness enhancements using multi-TRP in Rel-17. 
Based on the discussion, we have the following observations: 
Observation 1: The memory requirement for the linked candidates is increased for the case that soft combining is assumed in decoding.
Observation 2: Reusing Rel-15/16 collision handling rules for multi-TRP based PUCCH repetition in Rel-17 would result in large delay for SR.

Based on the discussion and observations, we have the following proposals: 
· For PDCCH part:
Proposal 1: For overbooking with two linked SS sets in the same slot/span, Alt2 is supported for the case that 3 BDs are counted for the linked candidates, i.e., considering the SS set pair together (both are kept or both are dropped).
Proposal 2: When an individual candidate uses the same set of CCEs as one of a linked PDCCH candidates, and they both are associated with the same DCI size, scrambling, and CORESET,
· The individual candidate is assumed to be monitored for the case that 2 BDs are counted for the linked two PDCCH candidates;
· Whether the individual candidate is assumed to be monitored or not for the case that 3 BDs are counted for the linked two PDCCH candidates should be reported by the UE.
Proposal 3: For a Type3 CSS without repetition, the DCI format 2_0 carried on the CSS is interpreted as Rel-15 PDCCH rule, if it uses the same set of CCEs with one of the linked PDCCH candidates and they both are associated with the same DCI size, scrambling and CORESET.
Proposal 4: The UE expects to detect a DCI indicating BWP switching only if the corresponding PDCCH repetitions are within the first 3 symbols of a slot.
Proposal 5: For two candidates with AL8 and AL16 that are overlapped, when at least one of them is linked with other candidate, and UE receives a DCI on any of the two overlapped candidates, 
· PDSCH should rate match around the two candidates and any candidate linked with any of the two candidates. 
Proposal 6: For two candidates with AL8 and AL16 that are overlapped, when at least one of them is linked with other candidate, and UE receives a DCI on any of the two overlapped candidates, the reference DCI is selected from the overlapped candidate and all the candidates which are linked with any of them.
Proposal 7: If soft combining is assumed for the linked PDCCH candidates, support Alt 1-1, i.e., UE indicates the limitation of total number of linked candidates, of which the first candidate is received and the second one has not been received at any given time.
Proposal 8: If soft combining is assumed, the d1,1 value is relaxed by adding a value for PDSCH with mapping Type B. 
Proposal 9: For CSI-RS with repetition not set to ‘on’, when it overlaps with multiple CORESETs with different QCL-TypeD, the QCL-TypeD of the CORESET with lowest ID among the multiple CORESETs is assumed for the CSI-RS. 
Proposal 10: For PDCCH repetition of DCI format 1_0 on two linked CSS, the CORESET with lower ID of the CORESETs associated with the two linked CSS is used to determine the value of  for mapping VRB to PRB of a scheduled PDSCH.
· For PUSCH part:
Proposal 11: For NCB based mTRP PUSCH repetition, on the overlapping of minimal gap between pairs of aperiodic NCB SRS and associated NZP-CSI-RS, support Alt2. 
Proposal 12: When PUCCH without repetition carrying HARQ-ACK and/or CSI overlaps with multi-TRP PUSCH transmission, the UCI of the PUCCH is multiplexed on two PUSCH repetitions with different beams.
· For PUCCH part:
Proposal 13: Consider enhancements on UCI multiplexing for multi-TRP based PUCCH repetition in Rel-17.
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