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Introduction
As approved in RAN #86, improvement of reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel was identified in the WID on further enhancement of MIMO in Rel-17 [1]: 
Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
· 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, the remaining issues on PDCCH, PUSCH and PUCCH enhancements are discussed.
Enhancements on PDCCH
1.1. Linkage between PDCCH candidates
In RAN1#104-e meeting, it was agreed to support linking two SS sets by RRC configuration. Whether MAC-CE can be used additionally is FFS.
	Agreement
For PDCCH repetition, support linking two SS sets by RRC configuration:
· FFS: Whether MAC-CE can be used additionally
· When PDCCH repetition is monitored in two linked SS sets, the UE does not expect a third monitored SS set to be linked with any of the two linked SS sets.
· The two linked SS sets have the same SS set type (USS/CSS) 
· The two linked SS sets have the same DCI formats to monitor
· For intra-slot PDCCH repetition, 
· The two SS sets should have the same periodicity and offset (monitoringSlotPeriodicityAndOffset), and the same duration
· For linking monitoring occasions across the two SS sets that exist in the same slot: 
· The two SS sets have the same number of monitoring occasions within a slot and n-th monitoring occasion of one SS set is linked to n-th monitoring occasion of the other SS set


If MAC-CE is used additionally, the linkage of SS sets can be updated dynamically. Correspondingly, resources with better link quality can be selected for PDCCH transmission.
The following updating methods can be considered. In one method, two or more (e.g., 2, 3, 4…) SS sets are linked by RRC signaling, and MAC-CE can activate two of them to perform PDCCH repetition. When PDCCH repetition is monitored in the two activated SS sets, the other SS sets are not linked with any of them. With this method, gNB can dynamically adjust physical resources used for PDCCH repetition based on channel quality and scheduling. For example, three SS sets are related to two TRPs, and MAC-CE can achieve dynamic switching between single-TRP based PDCCH repetition and multi-TRP based PDCCH repetition. In another method, gNB still configures two or more linked SS sets by RRC signaling, and activates one SS set for single PDCCH transmission in some slots. This method applies to the case that channel quality of one TRP (SS set) is good enough to ensure reliability of PDCCH. Then the resources of the other SS set can be used for other PDCCHs or other users to reduce PDCCH blocking probability. This method also achieves dynamic switching between single-PDCCH transmission and PDCCH repetition.
Both methods can be considered, since they increase scheduling flexibility of gNB. Correspondingly, we have the following proposal:
Proposal 1: 
· MAC-CE can be used additionally to update linkage of SS sets. One or two SS sets can be activated/updated with the following methods,
· Two or more SS sets are linked by RRC signaling, and MAC-CE can activate/update two of them to perform PDCCH repetition.
· Two or more SS sets are linked by RRC signaling, and MAC-CE can activate/update one of them to perform single PDCCH transmission.
For intra-slot PDCCH repetition, it was agreed that the two SS sets have the same number of monitoring occasions within a slot and n-th monitoring occasion of one SS set is linked to n-th monitoring occasion of the other SS set. If a UE is configured with per span PDCCH monitoring (r16monitoringcapability), n-th monitoring occasions of two SS sets may be located in different spans. Whether to support this case (i.e. inter-span repetition) should be discussed. 
If this case is not allowed, some mechanism is needed to avoid inter-span repetition. For example, gNB shall always configure two linked monitoring occasions in one span. However, spans are divided based on all monitored SS sets and each slot may have its own division method, it is hard to ensure that two linked monitoring occasions are always in one span. The special case is that monitoring occasions in two linked SS sets are exactly the same, which will restrict scheduling flexibility of gNB. Besides, linkage rule can be performed within each span, i.e. n-th monitoring occasion of one SS set in one span is linked to n-th monitoring occasion of the other SS set in the same span. However, this method may lead to individual PDCCH candidates (monitoring occasions). If individual PDCCH candidates are not allowed, this method also requires that gNB configures two linked monitoring occasions in one span. Another option is that inter-span repetition is supported when r16monitoringcapability is configured. With inter-span repetition, PDCCH blocking probability can be reduced. Therefore, we propose to support inter-span PDCCH repetition.
Observation: 
· Agreed monitoring occasion linking method may lead to inter-span PDCCH repetition.
Proposal 2:
· Support inter-span PDCCH repetition when r16monitoringcapablity is configured.
1.2. BD limit
In RAN1#104b-e meeting, it was agreed that UE reports one [or more] numbers as required number of BDs for the two linked PDCCH candidates. Some details are still FFS.
	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 behavior
· 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
Agreement
For number of BDs corresponding to two PDCCH candidates that are linked for PDCCH repetition, down-select one of the following options in RAN1 #104-bis-e
· Option 1: UE reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X.
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 2: UE reports whether it supports soft-combining or not
· If soft-combining is supported, UE further reports one or more numbers as required number of BDs for the two PDCCH candidates
· Candidate values: 2, X. 
· Where X is a value larger than 2 and equal or less than 3 
· FFS: Whether a value between 1 and 2 should be added to the candidate values
· FFS: Other values
· Option 3: UE reports one or more decoding assumptions out of decoding assumptions 1-4
· Number of BDs for decoding assumptions 1: 
· Alt1: 2 BDs
· Alt2: A value between 1 and 2 BDs
· Number of BDs for decoding assumption 2: 2
· Number of BDs for decoding assumption 3: 2
· FFS: Other values
· Number of BDs for decoding assumption 4: 3
· FFS: Other values
· Option 4: Always 2 BDs are assumed irrespective of UE’s decoding assumption 
· Option 5: Always 3 BDs are assumed irrespective of UE’s decoding assumption 
· FFS: Network configuration based on the above UE capabilities for options 1-3
Note: Specification should not be designed in such a way that the UE is required to disclose it receiver implementation
Agreement
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, CCEs of the two PDCCH candidates are counted separately following Rel. 15/16 procedures. Further study the BD limit by considering the following
· With respect to the complexity associated with RE de-mapping / demodulation, 2 units are required
· With respect to the complexity associated with decoding, the following assumptions can be further discussed:
· Assumption 1: UE only decodes the combined candidate without decoding individual PDCCH candidates
· Assumption 2: UE decodes individual PDCCH candidates
· Assumption 3: UE decodes the first PDCCH candidate and the combined candidate
· Assumption 4: UE decodes each PDCCH candidate individually, and also decodes the combined candidate
· Note 1: The Assumptions 1-4 are for discussion purpose only, and they may or may not have specification impact.
· FFS: The relationship between UE capability, RRC configuration, and the BD limit, and whether the Assumptions 1-4 are relevant for this purpose.
· Note 2: the BD /CCE limit here is counted based on the configuration of PDCCH monitoring capability (e.g. per slot or per span).


According to the agreement in RAN1#103-e meeting, decoding Assumption 1-4 can be used for PDCCH repetition. For Assumption 2-4, the numbers of the required BDs are 2, 2 (FFS other values) and 3 (FFS other values) respectively, which implies that these assumptions have already been supported by current agreement. For Assumption 1, there are two candidate values, 2BDs or a value between 1 and 2 BDs. Therefore, whether to support Assumption 1 needs further discussion.
Assumption 1 is related to soft combining, and Assumption 2 is corresponding to independent decoding. According to our pervious simulation results [2], soft combining achieves better performance than independent decoding in FR1 and FR2 without blockage, and achieves similar performance to independent decoding in blockage scenario. Since Assumption 2 has already been supported implicitly, Assumption 1 should also be supported.
From complexity point of view, the required number of BDs in Assumption 1 shall be fewer than 2BDs. Therefore, a value between 1 and 2 BDs is more reasonable. With certain UE capability (e.g. 44BDs or 22 PDCCH candidate pairs), the maximum number of linked PDCCH candidates can be calculated no matter integer number or non-integer number is assumed for single decoding (assuming Alt2 is supported in Section 2.3 overbooking rule). In order to reduce standardization effort, we also accept that one of the candidate values (e.g. 2) implies that UE supports soft combining. 
If a UE supports more advanced decoding assumptions (e.g. 3BDs), it implies that the UE also supports decoding assumptions with lower complexity (e.g. 2BDs). In order to increase scheduling flexibility of gNB, UE can report one number as required number of BDs, and RRC signaling configures a number which is no larger than that reported by the UE. For example, gNB can configure 2BDs or 3BDs if UE reports 3BDs. If a value between 1 and 2 is supported, gNB can configure 2BDs or a value between 1BD and 2BDs if UE reports 2BDs.
If gNB configures 3BDs, UE can still perform 2BDs related decoding algorithms. In other words, UE can determine decoding algorithms by its implementation. The configured number of BDs is used by UE to determine the maximum number of pairs of linked PDCCH candidates.
Proposal 3:
· Soft combining should be supported for linked PDCCH candidates with either one of the options:
· Option 1: A value between 1 and 2 is added to the candidate values of BD units.
· Option 2: one of the agreed candidate values  implies that UE supports soft combining.
Proposal 4:
· UE can report one number as required number of BDs in UE capability reporting, and RRC signaling configures a number which is no larger than the reported UE capability.
· Both 2BDs and 3BDs can be configured by RRC signaling.
Proposal 5: 
· UE can perform decoding algorithms with different number of BDs from the configured number of BDs.
1.3. Overbooking rule
In RAN1#106-e, overbooking in the PCell for USS with two linked SS sets was discussed and some alternatives were agreed for further down-selection. 
	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.


In Alt 1, granularity of overbooking is individual SS set, which is the same as that in Rel-15/16. However, this alternative brings two other new issues. One issue is that the number of BDs for each individual PDCCH candidate needs to be defined. According to Section 2.2, the number of BDs is defined for linked PDCCH candidates. When Alt 1 is adopted and one of the linked PDCCH candidates cannot be monitored due to higher SS set ID, the number of BDs for the monitored PDCCH candidate is needed. Besides, when 3BDs are counted for two linked candidates, the definition of the number of BDs for each individual PDCCH candidate is different from that in 2BDs case. Another issue is that there is a large possibility that one PDCCH candidate can be monitored while the linked PDCCH candidate (e.g., in a SS set with higher ID) cannot be monitored. This case will reduce reliability of PDCCH and it is not expected by UE, especially when soft combining is performed.
In Alt 2, granularity of overbooking is SS set pairs. With this alternative, two linked PDCCH candidates are treated together in both BD calculation and overbooking procedure. Both linked PDCCH candidates can be kept or dropped together. Furthermore, no matter how many BDs are counted for two linked PDCCH candidates, the same overbooking rule can be applied. Compared with Alt 1, Alt 2 has minor specification impact and reliability of PDCCH can be ensured. Therefore, Alt 2 is preferred.
Proposal 6: 
· Support Alt 2 for overbooking in the PCell for USS with two linked SS sets in the same slot/span.
·  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.
1.4. PDCCH monitoring with two QCL-TypeD properties
In RAN1#104b-e meeting, it was agreed to enhance CORESET monitoring with two QCL-TypeD properties to support time-overlapping PDCCH repetitions in FR2. In RAN1#106-e, three alternatives were agreed for further down-selection.
	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.
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


In Alt1, two QCL-TypeD properties based on legacy priority order are selected. In this alternative, linkage between two SS sets is not considered. There might be a case that two QCL-TypeD properties are associated with the same TRP, and one of the linked PDCCH candidates cannot be monitored, which will reduce reliability of PDCCH dramatically. Since the primary goal of CORESET monitoring enhancement is to support time-overlapping PDCCH repetitions in FR2, Alt 1 should be precluded.
In both Alt2 and Alt3, linkage between two SS sets and other factors (e.g., SS type, CC index, etc.) are considered in priority rule. However, how to utilize the linkage in Alt2 and Alt3 are different. 
In Alt2, legacy priority rule is used to identify the first QCL-TypeD property, and then the second QCL-TypeD property is identified according to the linkage between two SS sets. After the first QCL-TypeD property is identified, if there is one or more SS sets linked with one of SS sets with the first QCL-TypeD, Rel. 15 priority order can be followed to determine a linked SS set with the second QCL-TypeD property. If there is no SS set linked with any one of SS sets with the first QCL-TypeD, Rel.15 priority rule can also be used to identify a SS set with the second QCL-TypeD property, in which case Alt2 is equivalent to Alt1.
In Alt3, although priority order is clear, the detailed operation needs further discussion. One option is that one pair of the linked CSS sets or USS sets is used to determine two QCL-TypeD properties. The second option is that CSS sets with one or two QCL-TypeD properties can be monitored in step 1, and linkage between SS sets is utilized if the number of determined QCL-TypeD properties in step 1 is smaller than two. The motivation of the second option is that CSS sets have higher priority than linkage of SS sets. If there are at most two QCL-TypeD properties for CSS sets, all CSS sets can be monitored. The third option is that reusing legacy priority rule to identify the first QCL-TypeD property, and the second QCL-TypeD property is identified according to the linkage. The third option can be same or different from Alt2.
Among these alternatives, Alt2 (first preference) and Alt3 (second preference) are preferred, since linkage between two SS sets is considered.
Proposal 7: 
· Alt2 (first preference) and Alt3 (second preference) are preferred for determination of two QCL-TypeD properties for multiple overlapping CORESETs.
· 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).
· 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).
1.5. d1,1 for PDSCH processing time
In RAN1#106-e meeting, the following working assumption was achieved for d1,1 for PDSCH processing time.
	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


If a PDSCH with mapping Type B is scheduled by a DCI in PDCCH candidates that are linked for repetition, and selective decoding is assumed for UE, two linked PDCCH candidates can be treated as two individual PDCCH candidates. When any one of the linked PDCCH candidates is detected, d1,1 value defined in Option 2 is enough for PDSCH processing. If soft combining is performed by the UE, two linked PDCCH candidates can only be decoded after the latter PDCCH candidate is received. However, as we analyzed, even if only the latter PDCCH candidate is detected, d1,1 value defined in Option 2 is enough for PDSCH processing. From complexity point of view, although processing complexity of soft combining is larger than individual PDCCH candidate decoding, DCI decoding time can be similar to that in Rel.15/16, since the total number of BDs in one slot/span will not be changed. Therefore, there is no need to relax processing time for soft combining.
Proposal 8:
· Confirm the following modified 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 for UEs with any decoding assumption.
Enhancements on PUCCH
In RAN1 #104-e meeting, the following 3 options on inter-slot frequency hopping for scheme 1 were proposed:
· 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). 
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Figure 1 Comparison of different frequency hopping schemes for inter-slot PUCCH repetition
[bookmark: _GoBack]Fig. 1 shows the comparison of different frequency hopping schemes for different beam mapping patterns. In the figure, repetition number of 4 is assumed, “ Alt 1” denotes that frequency hopping is performed among the repetitions with the same beam, and “Alt 2” denotes slot level frequency hopping scheme as in Rel-15. It can be seen from the figure that:
· For sequential beam mapping, Alt 1 is equivalent to Alt 2.
· For cyclical beam mapping, 
· frequency hopping can be achieved by both Alt 1 and Alt 2. 
· Alt 2 achieves frequency hopping one slot earlier than Alt 1.  
· frequency hopping inner a beam is supported by Alt 1 and is not supported by Alt 2.
In our opinion, frequency hopping should be supported for both cyclical mapping and sequential mapping. For sequential mapping, there is no difference between Alt 1 and Alt 2. For cyclical mapping, Alt 1 is preferred since frequency diversity gain can be achieved for each beam by Alt 1. 
Proposal 9: 
· Frequency hopping for M-TRP PUCCH transmission with scheme 1 is supported,
· 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.
Enhancements on PUSCH
1.6. Configuration and indication of SRS resources  
In the last meeting, the following agreement was achieved for the configuration/indication of SRS resources for M-TRP PUSCH transmission:
	Agreement
On the number of SRS resource configured in the two SRS resource sets, select one of the following alternatives, 
· Alt.1: Support the same number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. 
· Alt.2: Support different number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. The first SRS resource set always have the same or larger number of SRS resources than the second SRS resources set.
· The bit width of the 1st SRI field is determined based on the first SRS resource set
· FFS: How to interpret “SRI field is present or not present”
· Alt.3: Support different number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. The first SRS resource set always have the smaller, same or larger number of SRS resources than the second SRS resources set.
· The bit width of the 1st SRI field is determined based on maximum number of SRS resources among two resource sets
· FFS: How to interpret “SRI field is present or not present”


According to the agreements on SRI/TPMI indication for M-TRP PUSCH transmission in previous meetings, if S-TRP mode is indicated, the first SRI filed is used to indicate the SRI combination for the indicated TRP and the second SRI filed is unused. Therefore the bit width of the first SRI filed should be large enough to indicate all the SRI combinations for each TRP respectively. Although Alt. 1 is the most straightforward way to ensure the bit width of the first SRI filed, it is not reasonable for FR 2 since a UE may use two panels with different number of antennas for the two TRPs respectively and different number of SRS resources in different SRS resource sets may be required. In order to have better performance for UEs with different capabilities for different panels, either Alt.2 or Alt. 3 can be supported.
Another open issue on SRI indication is how to interpret “SRI field is present or not present”. In our opinion, there are always two SRI fields in DCI for M-TRP PUSCH transmission, “SRI field is present” means the bit width of the SRI filed is larger than 0, “SRI field is not present” means the bit width of the SRI field equals to 0.
Proposal 10: 
· For M-TRP PUSCH transmission, one of the following alternatives is adopted:
· Alt.2: Support different number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. The first SRS resource set always have the same or larger number of SRS resources than the second SRS resources set.
· The bit width of the 1st SRI field is determined based on the first SRS resource set.
· Alt.3: Support different number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. The first SRS resource set always have the smaller, same or larger number of SRS resources than the second SRS resources set.
· The bit width of the 1st SRI field is determined based on maximum number of SRS resources among two resource sets.
Proposal 11: 
· For SRI indication of M-TRP PUSCH transmission, “SRI field is not present” means the bit width of the SRI field is 0.
1.7. Beam mapping and frequency hopping
On beam mapping and frequency hopping for PUSCH, we have similar views as that for PUCCH, i.e., option 1 in RAN1 #104-e meeting is supported.
Proposal 12: 
· Frequency hopping for M-TRP PUSCH transmission with scheme 1 is supported,
· 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.
1.8. Power control for PUSCH when only one SRI field is present
In RAN1 #106-e meeting, the following agreement was achieved on default P0, alpha, PL-RS, and closed loop index for M-TRP PUSCH transmission: 
	Agreement
For single-DCI based M-TRP PUSCH repetition schemes, when one SRS resource per SRS resource set is configured (i.e., when two SRI fields are absent in DCI formats 0_1 / 0_2), per TRP default P0, alpha, PL-RS, and closed loop index is defined by,  
· If the UE is provided enablePL-RS-UpdateForPUSCH-SRS, the first set of values {the first value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControl associated with the first SRS resource set and closed-loop index l = 0} is used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControl associated with the second SRS resource set and closed-loop index l = 1 if  twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise} is used for TRP2.
· Otherwise, the first set of values {the first value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id=0 and closed-loop index l = 0} can be used for TRP1, and the second set of values {the second value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id = 1 and closed-loop index l = 1 if twoPUSCH-PC-AdjustmentStates is configured, l=0 otherwise } can be used for TRP2.
· Note: How to design the signaling link sri-PUSCH-PowerControl with two SRS resource sets is up to RAN2.


One open issue is how to determine default P0, alpha, PL-RS, and closed loop index for the TRP that its associated SRI field is not present while the SRI field for the other TRP is present. In our opinion, the same determination method as that for single TRP transmission with only one SRS resource in the SRS resource set can be used. 
Proposal 13:
· For single-DCI based M-TRP PUSCH repetition schemes, when an SRS resource set is configured with only one SRS resource and the other SRS resource set is configured with multiple SRS resources, the default P0, alpha, PL-RS, and closed loop index for the TRP associated with the SRS resource set  with only one SRS resource is as follows: 
· If the UE is provided enablePL-RS-UpdateForPUSCH-SRS, the set of values {the first value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControl associated with the SRS resource set and closed-loop index l = 0} is used for the TRP
· Otherwise, the first set of values {the first value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id=0 and closed-loop index l = 0} is used for the TRP.
1.9. Association of PTRS and DMRS ports
In RAN1 #104bis-e meeting, the following options on the indication of PTRS-DMRS association for single DCI based M-TRP PUSCH Type B repetition when maxRank > 2 were proposed:
· Option 1 (4 bits): with a second PTRS-DMRS association field (similar to the existing field), and each field separately indicating the association between PTRS port and DMRS port for two TRPs. 
· Option 2 (2 bits): using the existing PTRS-DMRS association field in DCI for the first TRP, and using reserved entries/bits in DM-RS port indication field for the second TRP.
· Option 3 (2 bits): 1 bit MSB is used to indicate PTRS-DMRS association for the first TRP, and 1 bit LSB is used to indicate PTRS-DMRS association for the second TRP
· if maxNrofPorts = 1, the 1 bit indicates one of the first two DMRS ports. 
· if maxNrofPorts = 2, the 1 bit indicates one of two DMRS ports sharing the same PTRS port.
Option 1 is a solution with largest overhead and highest flexibility. For option 1, each PTRS for each TRP can be associated with any DMRS port.
For M-TRP PUSCH transmission, same DMRS port indexes can be used by the repetitions for the two TRPs, therefore a new DM-RS port indication field for the second TRP is not needed. Option 2 is not a good solution since it would increase unnecessary overhead of DCI by adding a new DMRS port indication filed for the second TRP.
For option 3, the overhead of PTRS-DMRS association field is the same as that for S-TRP PUSCH transmission. The performance of phase noise estimation may be affected since only partial DM-RS ports can be associated to. Since the payload of DCI for scheduling PUSCH has been increased a lot by the new SRI/TPMI/TPC/TRP indication fields, the performance of DCI would be damaged by increasing too many bits, option 3 is slightly preferred compared to option 1.
Proposal 14: 
· For PTRS-DMRS association for single DCI based M-TRP PUSCH Type B repetition, option 3 is supported  when maxRank > 2, where option 3 is as follows:
· Option 3 (2 bits): 1 bit MSB is used to indicate PTRS-DMRS association for the first TRP, and 1 bit LSB is used to indicate PTRS-DMRS association for the second TRP
· if maxNrofPorts = 1, the 1 bit indicates one of the first two DMRS ports. 
· if maxNrofPorts = 2, the 1 bit indicates one of two DMRS ports sharing the same PTRS port.
Conclusions
In this contribution we provide our views on remaining issues for PDCCH/PUCCH/PUSCH enhancements in Rel-17. Based on the discussion above, we have the following observation and proposals:
Observation: 
· Agreed monitoring occasion linking method may lead to inter-span PDCCH repetition.

Proposal 1: 
· MAC-CE can be used additionally to update linkage of SS sets. One or two SS sets can be activated/updated with the following methods,
· Two or more SS sets are linked by RRC signaling, and MAC-CE can activate/update two of them to perform PDCCH repetition.
· Two or more SS sets are linked by RRC signaling, and MAC-CE can activate/update one of them to perform single PDCCH transmission.
Proposal 2:
· Support inter-span PDCCH repetition when r16monitoringcapablity is configured.
Proposal 3:
· Soft combining should be supported for linked PDCCH candidates with either one of the options:
· Option 1: A value between 1 and 2 is added to the candidate values of BD units.
· Option 2: one of the agreed candidate values  implies that UE supports soft combining.
Proposal 4:
· UE can report one number as required number of BDs in UE capability reporting, and RRC signaling configures a number which is no larger than the reported UE capability.
· Both 2BDs and 3BDs can be configured by RRC signaling.
Proposal 5: 
· UE can perform decoding algorithms with different number of BDs from the configured number of BDs.
Proposal 6: 
· Support Alt 2 for overbooking in the PCell for USS with two linked SS sets in the same slot/span.
·  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.
Proposal 7: 
· Alt2 (first preference) and Alt3 (second preference) are preferred for determination of two QCL-TypeD properties for multiple overlapping CORESETs.
· 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).
· 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).
Proposal 8:
· Confirm the following modified 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 for UEs with any decoding assumption.
Proposal 9: 
· Frequency hopping for M-TRP PUCCH transmission with scheme 1 is supported,
· 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.
Proposal 10: 
· For M-TRP PUSCH transmission, one of the following alternatives is adopted:
· Alt.2: Support different number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. The first SRS resource set always have the same or larger number of SRS resources than the second SRS resources set.
· The bit width of the 1st SRI field is determined based on the first SRS resource set.
· Alt.3: Support different number of SRS resources for both CB and NCB based m-TRP PUSCH repetition. The first SRS resource set always have the smaller, same or larger number of SRS resources than the second SRS resources set.
· The bit width of the 1st SRI field is determined based on maximum number of SRS resources among two resource sets.
Proposal 11: 
· For SRI indication of M-TRP PUSCH transmission, “SRI field is not present” means the bit width of the SRI field is 0.
Proposal 12: 
· Frequency hopping for M-TRP PUSCH transmission with scheme 1 is supported,
· 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.
Proposal 13:
· For single-DCI based M-TRP PUSCH repetition schemes, when an SRS resource set is configured with only one SRS resource and the other SRS resource set is configured with multiple SRS resources, the default P0, alpha, PL-RS, and closed loop index for the TRP associated with the SRS resource set  with only one SRS resource is as follows: 
· If the UE is provided enablePL-RS-UpdateForPUSCH-SRS, the set of values {the first value in P0-AlphaSet, the PL-RS corresponding to the first sri-PUSCH-PowerControl associated with the SRS resource set and closed-loop index l = 0} is used for the TRP
· Otherwise, the first set of values {the first value in P0-AlphaSet, the PL-RS with PUSCH-PathlossReferenceRS-Id=0 and closed-loop index l = 0} is used for the TRP.
Proposal 14: 
· For PTRS-DMRS association for single DCI based M-TRP PUSCH Type B repetition, option 3 is supported  when maxRank > 2, where option 3 is as follows:
· Option 3 (2 bits): 1 bit MSB is used to indicate PTRS-DMRS association for the first TRP, and 1 bit LSB is used to indicate PTRS-DMRS association for the second TRP
· if maxNrofPorts = 1, the 1 bit indicates one of the first two DMRS ports. 
· if maxNrofPorts = 2, the 1 bit indicates one of two DMRS ports sharing the same PTRS port.
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