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1 Introduction
In this contribution, we discuss enhancements of multi-TRP 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 so far. 
2.1 BD counting and decoding behavior for PDCCH repetition
2.1.1 BD value and capability reporting for the linked candidates
	Agreement
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, support
· UE reports one [or more] number(s) as required number of BDs for the two PDCCH candidates
· Candidate values: 2, 3.
· FFS: Default behaviour
· FFS: Whether one of the candidate values imply that UE supports soft combining
· FFS: Whether additional candidate values are supported (e.g. non-integer numbers)
· FFS: RRC configuration based on reported UE capability


One remaining issue is whether soft combining should be reported by UE. As observed from the simulation results in previous contribution [1], which is also reproduced in Figure 1, there is a large performance gap (about 1.5 dB at BLER 10^-2) between PDCCH repetition with soft-combining and that without soft-combining. From the different slopes of curves, it can be inferred that there will be larger performance gap between w/ and w/o soft-combining for lower BLER, i.e., higher reliability for URLLC traffic.
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Figure 1 Performance of PDCCH repetition with soft combining 
Observation 1: PDCCH repetition with soft combining can provide about 1.5 dB gain at 10-2 BLER than that without soft combining. 
Therefore, information on support of soft combining should be reported, so that the AL of PDCCH can be determined by gNB scheduler in a more efficient way to fully use this feature. For example, when UE supports soft combining, smaller AL can be used to save signaling overhead. Otherwise, more resources would be scheduled for PDCCH transmission. 
Among the agreed candidate values, if UE doesn’t perform soft combining, the UE would decode the repetitions individually and thus obviously the BD number is 2. And if soft-combining is performed, the BD number would be 3 as an additional decoding is needed for soft-combining. 
Therefore, we have the following proposal: 
Proposal 1: When UE reports 3 BDs for the linked candidates, it implies that UE supports soft combining. 
As aforementioned, different numbers of BDs would be required for different assumptions of PDCCH decoding, thus more values can be reported by UE. There are following alternatives that can be considered:
· Alt 1: If UE reports 3 BDs for the linked candidates, 2 BDs are also assumed to be supported. And, 2 BDs can be supported by default. 
· Alt 2: UE can report 2 or 3 BDs for the linked candidates. 
· Alt 3: UE can report 2 and/or 3 for the linked candidates. 
Alt 1 is slightly preferred as it can provide some flexibility for gNB, and have less signalling overhead for UE capability reporting. Compared to Alt 2, gNB can select one value from 2 and 3 according to the reliability requirement to utilize UE BD capability efficiently if support of 3 BDs is reported. Compared to Alt 3, less signalling overhead is required. For Alt 1, UE only needs to report the support of 3 BDs, while in Alt 3 UE needs to report one of 2 BDs, 3BDs or both.
Proposal 2: For linked PDCCH candidates, UE can report the capability of supporting 3 BDs for the linked candidates. 
· If UE support the capability, gNB can configure 2 or 3 BDs for the linked candidates  
· If UE does not support the capability, 2 BDs are assumed for the linked candidates 

2.1.2 BD counting in overbooking
As discussed in section 2.1.1, 2 or 3 BDs for the linked PDCCH candidates will be reported. As a result, the BD counting in overbooking operation needs to be enhanced. 
There are two alternatives for the BD counting of the linked SS sets in overbooking procedure:
· Alt 1: The linked SS sets are counted as a whole. As shown in Figure 2, if SS set 1 is counted according to legacy overbooking procedure, the linked SS set 3 is counted as well. The BD number reported by UE is counted considering the linked SS sets (set 1 and set 3) as a whole, and SS set 3 is removed from the counting list.
· Alt 2: The linked SS sets are counted separately following current rule. As shown in Figure 3, the SS sets are counted in turn according to legacy overbooking procedure. Assuming the BD number for linked candidates is three, then when linked candidate with larger SS set ID is counted, the BD number of two is counted. E.g., in Figure 3, the BD numbers for SS sets 0, 1, 2 are one, and those for SS sets 3, 4 are two.
For Alt 1, since linked SS sets are counted as a whole, the BD number of the linked SS set can be calculated according to the number of PDCCH candidates in one of the linked SS set. If there’s overlooking when counting the linked candidates, they will be dropped together.
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Figure 2 Alt 1 for BD counting in overbooking
For Alt 2, as the linked SS sets are counted one by one, when the SS set with higher ID is dropped by overbooking, the linked SS sets for PDCCH repetition have to fall back to individual SS set. The linkage configured by RRC may be frequently overridden after BD counting. For example, as shown in Figure 3, if the total BD number is larger than the number that the UE is able to monitor after counting the BD for SS set 2, the SS sets 3 and 4 are dropped. As a result, SS sets 1 and 2 have to fall back to individual SS sets. However, this would cause problem for gNB scheduling, since the fall-backed SS set may not satisfy the requirement of robustness for PDCCH. Furthermore, compared with Alt 1, Alt 2 is more complex in BD counting since the linked SS sets have to be counted twice. 
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Figure 3 Alt 2 for BD counting in overbooking
Therefore, Alt 1 is preferred, and the following is proposed:
Proposal 3: For overbooking, the linked candidates are counted as a whole. 

2.1.3 Overlapping of a linked candidate 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, for the purpose of BD counting and interpretation of a detected DCI, select one option among the following in RAN1#105-e:
· Option 1: The individual candidate is not counted for monitoring 
· Interpretation of the detected DCI is based on Rel. 17 PDCCH repetition rules (wrt reference PDCCH candidate).
· Option 2: The candidate in a higher SS set ID is not counted for monitoring
· Interpretation of the detected DCI depends on which candidate is not counted (either based on Rel. 15/16 rules or based on Rel. 17 PDCCH repetition rules).
· FFS: Impact to the other linked PDCCH candidate
· Option 3: The candidate associated with SS set(s) with lower priority is not counted for monitoring, where for two linked SS sets, the priority is according to one of the two SS sets with a lower SS set ID
· Interpretation of the detected DCI depends on which candidate is not counted (either based on Rel. 15/16 rules or based on Rel. 17 PDCCH repetition rules).
· FFS: Impact to the other linked PDCCH candidate
· FFS: Whether a max limit on number of such overlaps is needed.
Additional specification support may be introduced for the purpose of resolving ambiguity (if any) for interpretation of the detected DCI. For example,
· Distinguished by different RNTIs defined for the linked candidate versus the individual candidate
· Distinguished by aggregation level restrictions that can be expected by the UE in the case of overlap


For Option 2, there may be the case that one of the linked PDCCH candidates are dropped due to the “count one” mechanism. Similarly as overbooking, it is not preferred since the linked two PDCCH candidates have to fall back to individual PDCCH candidate and the robustness of the linked PDCCH is reduced. 
For Option 3, configuration of the SS set ID has to consider the overlapping case also, in addition to timing reference and overbooking, which may be more complicated for gNB scheduling. Furthermore, when the individual candidate has a higher priority, the processing of the linked candidates has to be discussed:
· Alt 1: The linked candidates are dropped. In such a way, the monitored BD number would be further reduced.
· Alt 2: One of the linked candidates that is not overlapped with the individual candidate is considered as individual candidate. The robustness of the individual candidate cannot be satisfied in Alt 2. 
Option 1 always assumes the linked candidates are monitored, so that gNB has more flexibility on allocation of the SS ID regardless of whether the SS set has linkage, especially when the SS ID is also used for other purposes, such as determination of timing references. However, in Option 2 and 3, gNB has to take the linkage into account. 
As the motivation of introducing PDCCH repetition is to provide better reliability, we don’t see the reason that an individual candidate is of higher priority than linked candidates. Therefore, we have the following proposal:
Proposal 4: When one of the linked PDCCH candidates uses the same set of CCEs with an individual PDCCH candidate, and both are associated with the same DCI size, scrambling, and CORESET, support Option 1, i.e., the individual PDCCH candidate is not counted for monitoring. 
Furthermore, when one of the linked PDCCH candidates uses the same set of CCEs as another linked PDCCH candidates, and they both are associated with the same DCI size, scrambling, and CORESET, the two candidates are “count one”. In this case, following the principle of the above discussion, the linked candidates should count only once. UE doesn’t need to count the BD number from the linked SS sets containing the highest ID among the two overlapped candidates and their linked candidates. This is illustrated in Figure 4.
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Figure 4 An example of BD counting when two linked candidates are under “count one” procedure
Proposal 5: When one of the linked PDCCH candidates uses the same set of CCEs with another linked PDCCH candidate, and both are associated with the same DCI size, scrambling, and CORESET, the linked PDCCH candidates containing the candidate with the highest SS set ID are not additionally counted. 

2.1.4 When one of linked candidate is dropped
	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), select one option from Options 1 and 2 in RAN1#105-e:
· 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)
· Option 2: Even the candidate that is not dropped is not monitored (Both linked candidates are dropped if at least one of them is dropped)
· FFS: Which of 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
· Case 4: QCL-TypeD prioritization rule among CORESETs result in one of the linked candidates not being monitored
· Case 5: Overbooking results in one of the linked candidates not being monitored
· 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
· FFS: Whether there is an impact to BD count 


The listed cases can be categorized into overbooking case (case 5) and dropping cases (cases 1, 2, 3, 4, and 6). The difference between the two categories is the achievable robustness during the procedure. In overbooking case (case 5), the robustness can still be achieved if the linked candidates are treated as a whole in BD counting. Therefore, there’s no need to consider case 5 anymore in this section. However, in dropping cases (cases other than 5), the robustness cannot be achieved as the resource is not available for PDCCH.  
Observation 2: For dropping cases (except case 5), the corresponding physical resource is not available for PDCCH and the robustness of PDCCH is not achievable, while for overbooking case (case 5), the robustness of PDCCH is achievable.
For the dropping cases other than 5, even one linked candidate is not monitored, the remaining one can still be used for PDCCH transmission, which can leave gNB more flexibility and the UE BD capability is not wasted. Therefore, Option 1 is preferred. 
Proposal 6: For PDCCH repetition with two linked candidates and one candidate is dropped, support Option 1 for the cases {1,2,3,4,6}. 
For case 5, it has been discussed in section 2.1.2 that the linked SS sets should be counted as a whole.
2.2 PDCCH repetition in time domain
	Agreement
If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition
· For the purpose of the earliest time that the PDSCH can be scheduled as well as for the purpose of the reference symbol for SLIV (when UE is configured with ReferenceofSLIV-ForDCIFormat1_2, and when receiving the PDSCH scheduled by DCI format 1_2 with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI with K0=0), a reference candidate is used. Select one among the following:
· Alt1: The candidate that starts later in time
· Alt3: The candidate that starts earlier in time
· FFS: How to define d1,1 for PDSCH processing time in this case


In R15, the starting time of PDSCH can be no earlier than the first symbol of PDCCH. However, for PDCCH repetition in time domain, the starting time of PDSCH may be earlier than the first symbol of the later PDCCH. In that case, more efficient PDSCH processing can be achieved. For example, UE can continuously process PDSCH without waiting for PDSCH buffering. As can be seen in Figure 5 (a), since the starting time is restricted, UE may have to wait for PDSCH buffering before starting to process the PDSCH symbols. While for Figure 5 (b), the waiting time is reduced. 
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Figure 5 Different restrictions on starting time of PDCCH
For DCI formats 0_2 or 1_2, the starting symbol of the PDCCH monitoring occasion is used as the reference of the SLIV. In the case that linked PDCCH candidates are TDMed within the same slot, the reference should be defined in the spec. Based on the above discussion, the candidate that starts earlier in time should be used as the reference candidate. 
Proposal 7: For TDM based PDCCH repetition scheme, the start of PDSCH can be the same as or later than the start of the earlier PDCCH repetition in time domain, i.e., Alt 3 is supported. 

2.3 Default QCL of PDSCH scheduled by PDCCH with repetition
	Agreement
If a PDSCH is scheduled by a DCI in PDCCH candidates (the first PDCCH candidate associated with a first CORESET and the second PDCCH candidate associated with a second CORESET) that are linked for repetition, 
· Working assumption: The UE expects the same configuration for the first and second CORESETs wrt presence of TCI field in DCI.
· If the TCI field is not present in the DCI, and the scheduling offset is equal to or larger than timeDurationForQCL if applicable, PDSCH QCL assumption is based on the CORESET with lower ID among the first and second CORESETs 
· FFS: Whether additional options are needed (e.g. to enable SDM/FDM/TDM PDSCH schemes w/o TCI field in the DCI) 


For PDCCH repetition, when TCI field is not present in the DCI, it’s still an open issue whether additional options are needed to support two default beams applied for the scheduled PDSCH. In Rel-15, the beam of PDCCH should be applied for the scheduled PDSCH. However, as two beams have been supported for PDCCH transmission in Rel-17, multi-TRP based PDSCH transmission scheduled by the PDCCH can also use the default beam to decrease the transmission delay in the same way as single-TRP based PDSCH transmission. Whether to use two default beams depends on the transmission mode (multi-TRP or single-TRP) of PDSCH. In Rel-16, the activated TCI states for PDSCH are used to distinguish the transmission mode of PDSCH. If at least one TCI codepoint of the PDSCH is associated with two TCI states, the transmission mode is assumed to be multi-TRP and two default TCI states are applied for the PDSCH transmission. Otherwise, the transmission mode is assumed to be single-TRP and one default TCI state is applied.
It has been agreed that one default beam is applied for PDSCH transmission scheduled by PDCCH with multi-TRP based repetition. However, since PDCCH is transmitted with two beams, it is very likely that UE is under the situation of potential blockage. Therefore, it is not reasonable to use only one default beam for PDSCH transmission in such a situation.
According to current rule for the PDSCH scheduled by single-TRP based PDCCH transmission, the default beam(s) of the PDSCH scheduled by multi-TRP based PDCCH can be determined as follow:
· When PDSCH TCI-states are activated and at least one TCI codepoint is associated with two TCI-states, UE assumes that the two TCI-states of the PDCCH are applied for PDSCH transmission.
· Otherwise, UE assumes only one of the two PDCCH TCI-states is applied for PDSCH transmission. In particular, TCI-state of the CORESET with lower ID is applied.
[bookmark: OLE_LINK2]Proposal 8: For multi-TRP based PDCCH repetition, when the TCI field is not present in the DCI, the default TCI state of the scheduled PDSCH is determined as follow:
· When TCI states of PDSCH are activated and at least one TCI codepoint is associated with two TCI states, UE assumes that the two TCI states of the PDCCH are applied for PDSCH transmission.
· Otherwise, UE assumes the TCI state of the CORESET with lower ID (among the two CORESET of the PDCCH) is applied for PDSCH transmission. 

2.4 QCL TypeD priority rule
	Agreement
For a UE supporting reception with two different beams, support identifying two QCL-TypeD properties for multiple overlapping CORESETs
· FFS: How to enhance existing QCL-TypeD priority rules for overlapping CORESETs
· Note: The primary goal of this enhancement for the purpose of this sub-AI is to support time-overlapping PDCCH repetitions in FR2.


In current specification, when multiple channels with different QCL-TypeD across multiple CCs are overlapped in time, priority rule is defined to let UE select one QCL-TypeD’ property for PDCCH reception. For the case that the two linked PDCCH candidates are overlapped, the current priority rule should be extended to receive both of the PDCCH candidates. As shown in Figure 6, UE identifies one QCL-TypeD property according to the current rule in the Rel-15, e.g., the beam1 associated with the SS set 1 in CC1 is identified. Then, since SS set 1 in CC2 is associated with beam1 and it is also linked with SS set 2 with beam3, the beam3 is identified as another QCL-TypeD property to be received. In that case, current priority rule in the Rel-15 can be reused as much as possible. 
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Figure 6 Example of how to identify two different QCL ‘typeD’ properties
Proposal 9: To identify two QCL-TypeD properties to be received for overlapped CORESETs, support to reuse legacy priority rule to identify the first QCL-TypeD properties, and then, identify the second QCL-TypeD according to one of the SS set that is linked with the SS set with the first QCL-TypeD. 

2.5 Inter-slot/span PDCCH repetition
When inter-slot/inter-monitoring span repetition is considered for assumptions 1 and 4, the UE needs to keep buffering the soft bits of the first PDCCH candidate until the slot/monitoring span for the second PDCCH candidate, which may cause large implementation complexity. The situation may be worse if larger gap between the linked candidates is configured. For example, in Figure 7, PDCCH candidates in symbols 0-3 within monitoring spans 1 and 3 are linked together, then the UE implementation will be impacted when it does blind decoding in monitoring spans 2 and 3. 
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Figure 7 Example of linked PDCCH candidate
Observation 3: For decoding assumptions with soft combining, UE complexity increases for inter-monitoring span and inter-slot PDCCH repetition. 
In addition, the BD counting may be more complicated for inter-span repetition. In Figure 7, it needs to be discussed on how to divide the BD among span 1 to 3 taking into account UE implementation on PDCCH repetition. Also, in current specification, overbooking is only allowed within the first span of a slot. If the linked PDCCH candidates are within different spans, then discussion is also needed for the BD counting of the rest of the spans of the slot. 
Observation 4: For decoding assumptions with soft combining, further study is needed on the BD counting/overbooking rules for inter-monitoring span and inter-slot PDCCH repetition. 

3 PUSCH enhancements
3.1 PHR enhancement
	Agreement
For PHR reporting related to M-TRP PUSCH repetition, select one from the following options in RAN1 #105-e meeting. 
· Option 1: Calculate one PHR associated with the first PUSCH occasion (earliest repetition that overlaps with the first slot in which the PUSCH that carries the PHR MAC-CE is transmitted) 
· Option 2: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, but report one of them 
· FFS: How to select the PHR for reporting. 
· Option 4: Calculate two PHRs, each associated with a first PUSCH occasion to each TRP, and report two PHRs 
· Option 5: No changes to legacy PHR reporting 

For further study in future meetings:
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.


For Options 1, 3 and 4, UE should separately track the PL RS for each TRP for PHR reporting. One remaining issue is to decide whether the triggering conditions including the RRC parameters is TRP specific or not. In our view, the triggering conditions can be the same among TRPs. In that case, no RRC impact is expected for PHR reporting for mTRP PUSCH repetition. Note that in current spec, multiple CCs would also share the same PHR related parameters. So we would prefer to share the same PHR related parameters between multiple TRPs as well. 
For Option 1, UE only provides the PHR according to the first PUSCH occasion. As a result, the triggered PHR reporting may not be reported in time. For example, for the case with single CC, if the PHR of TRP1 is triggered due to a change of RSRP, but the first occasion of the following PUSCH repetition is for TRP2, then UE has no change to indicate that to gNB. Although the order of TRP for PUSCH repetition can be dynamically indicated by gNB and UE can wait for an PUSCH repetition with the first occasion for TRP1, the gNB could not be aware of such triggering and may not schedule the right order of TRP in time. 
For Option 2, UE would calculate two PHRs for two TRPs separately and only report one of them according to a default rule. It is more flexible than Option 1 since each TRP can have a chance to update the PHR based on a properly defined rule. However, it is not preferred for the case that both of the two TRPs would need to update the PHR. Furthermore, Option 2 and Option 4 has the same UE complexity for PHR reporting, while Option 4 is more attractive to support separate PHR reporting for each TRP with separate power control. 
Option 4 can provide separate PHR reporting for each TRP. UE can separately calculate and trigger the PHR for each TRP. MAC CE should be extended for the CCs with multi-TRP operation, e.g., one PHR entry is related to one TRP. 
In order to not increase UE complexity, multi-CC PHR calculation /reporting capability can be used for multi-TRP PHR calculation/reporting. For example, an UE with capability of 4 CCs PHR reporting capability for sTRP operation is able to support PHR reporting for 2-CC with 2-TRP for each CC.
Based on the above discussion, we propose that: 
Proposal 10: For PHR reporting for multi-TRP based PUSCH transmission, support Option 4, i.e., PHRs according to both TRPs are calculated and reported to the gNB.
One remaining issue is whether actual PHR or virtual PHR is reported. One principle is that the actual PHR should be available for the triggered PHR. As shown in Figure 8, for PHR triggering for TRP#1, the actual PHR reporting can be transmitted via PUSCH1 or PUSCH3 for TRP#1 but not on PUSCH2 for TRP#2. 
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Figure 8 Example of PHR reporting in mTRP scenario
For multi-CC case, one issue was raised in last meeting as shown in Figure 9. Assuming that the PHR is triggered on CC#1, the issue is how to report multi-TRP PHR of CC#2 on the PUSCH of CC#1. Following the principle in current spec, the actual PHR is reported for the repetition(s) overlapped with the PUSCH of CC#1. To be more specific, when PUSCH in CC#1 is overlapped with PUSCH with TRP#2 in CC#2, then the PHR for TRP #2 is actual PHR while virtual PHR is for TRP #1, when PUSCH in CC#1 is overlapped with PUSCH repetitions with TRP #1 and TRP #2 in CC#2, then the PHR for TRP #1 and TRP #2 is actual PHR. Another option is that actual PHR is reported for both TRP #1 and #2, and the actual transmission of the repetition not overlapping with PUSCH of CC#1 is expected to be the same as the scheduling when PHR is calculated.
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Figure 9 Example of PHR reporting in mTRP scenario

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. 
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Figure 10 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. 
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Figure 11 UCI multiplexing on multiple actual PUSCH repetitions
[bookmark: OLE_LINK5]Proposal 11: 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 Frequency hopping for PUCCH Scheme-1
	Agreement
When inter-slot frequency hopping is configured with Scheme 1, decide one from the below options in RAN1#105-e meeting,
· Option 1
· If sequential mapping pattern is configured, frequency hopping is performed on slot level (as in Rel-15).
· If cyclical mapping pattern is configured, frequency hopping is performed among the repetitions with the same beam. 
· Option 2: 
· gNB always configures sequential mapping pattern and frequency hopping is performed on slot level. (no spec impact)
· Option 3:
· Frequency hopping is performed on slot level as in Rel-15 (no spec impact). 


The motivation of Option 1 is to acquire frequency hopping gain for both beam patterns. However, we don’t see the benefits of additionally supporting cyclic mapping with frequency hopping, considering that sequential mapping with frequency hopping has been already supported. This is because that if frequency diversity is necessary for PUCCH performance, at least 4 repetitions is needed and both mapping patterns with frequency hopping would have the same performance. 
[bookmark: _GoBack]Proposal 12: Frequency hopping is performed on slot level same as in Rel-15. 

4.2 PUCCH Scheme 2
To improve the PUCCH reliability with latency requirement, Scheme 2 (Multi-TRP intra-slot beam hopping) should also be supported. When different beams are used for different sets of symbols, TD-OCC should only be applied within a beam. The reason is that orthogonal feature would be impacted if there are different beams within a TD-OCC. Furthermore, with TD-OCC within only one beam, each TRP can demodulate the PUCCH independently, which is beneficial in terms of gNB implementation. In addition, frequency hopping design can be reused for beam hopping, e,g., each hop corresponds to one beam. 
[bookmark: OLE_LINK6]Proposal 13: Support Scheme 2, i.e., intra-slot beam hopping, for PUCCH transmission. 
· If TD-OCC is applied, it is only within a beam. 

4.3 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 3, 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 12 Reuse Rel-15 collision handling rule for MTRP PUCCH repetition in Rel-17

Observation 5: 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 14: 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. In summary the following observations are provided in the contribution: 
Observation 1: PDCCH repetition with soft combining can provide about 1.5 dB gain at 10-2 BLER than that without soft combining. 
Observation 2: For dropping cases (except case 5), the corresponding physical resource is not available for PDCCH and the robustness of PDCCH is not achievable, while for overbooking case (case 5), the robustness of PDCCH is achievable.
Observation 3: For decoding assumptions with soft combining, UE complexity increases for inter-monitoring span and inter-slot PDCCH repetition. 
Observation 4: For decoding assumptions with soft combining, further study is needed on the BD counting/overbooking rules for inter-monitoring span and inter-slot PDCCH repetition. 
Observation 5: 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: When UE reports 3 BDs for the linked candidates, it implies that UE supports soft combining. 
Proposal 2: For linked PDCCH candidates, UE can report the capability of supporting 3 BDs for the linked candidates. 
· If UE support the capability, gNB can configure 2 or 3 BDs for the linked candidates  
· If UE does not support the capability, 2 BDs are assumed for the linked candidates 
Proposal 3: For overbooking, the linked candidates are counted as a whole. 
Proposal 4: When one of the linked PDCCH candidates uses the same set of CCEs with an individual PDCCH candidate, and both are associated with the same DCI size, scrambling, and CORESET, support Option 1, i.e., the individual PDCCH candidate is not counted for monitoring. 
Proposal 5: When one of the linked PDCCH candidates uses the same set of CCEs with another linked PDCCH candidate, and both are associated with the same DCI size, scrambling, and CORESET, the linked PDCCH candidates containing the candidate with the highest SS set ID are not additionally counted. 
Proposal 6: For PDCCH repetition with two linked candidates and one candidate is dropped, support Option 1 for the cases {1,2,3,4,6}. 
Proposal 7: For TDM based PDCCH repetition scheme, the start of PDSCH can be the same as or later than the start of the earlier PDCCH repetition in time domain, i.e., Alt 3 is supported. 
Proposal 8: For multi-TRP based PDCCH repetition, when the TCI field is not present in the DCI, the default TCI state of the scheduled PDSCH is determined as follow:
· When TCI states of PDSCH are activated and at least one TCI codepoint is associated with two TCI states, UE assumes that the two TCI states of the PDCCH are applied for PDSCH transmission.
· Otherwise, UE assumes the TCI state of the CORESET with lower ID (among the two CORESET of the PDCCH) is applied for PDSCH transmission. 
Proposal 9: To identify two QCL-TypeD properties to be received for overlapped CORESETs, support to reuse legacy priority rule to identify the first QCL-TypeD properties, and then, identify the second QCL-TypeD according to one of the SS set that is linked with the SS set with the first QCL-TypeD. 
· For PUSCH part:
Proposal 10: For PHR reporting for multi-TRP based PUSCH transmission, support Option 4, i.e., PHRs according to both TRPs are calculated and reported to the gNB.
Proposal 11: 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 12: Frequency hopping is performed on slot level same as in Rel-15. 
Proposal 13: Support Scheme 2, i.e., intra-slot beam hopping, for PUCCH transmission. 
· If TD-OCC is applied, it is only within a beam. 
Proposal 14: Consider enhancements on UCI multiplexing for multi-TRP based PUCCH repetition in Rel-17.
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