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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. 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. In RAN1#106b-e meeting, a conclusion that there is no consensus to introduce RRC configuration for the number of BDs was made. Whether one of the candidate values implies that UE supports soft combining is 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
Conclusion
There is no consensus to introduce RRC configuration for the number of BDs.  
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. In order to reduce standardization effort, we also accept that one of the agreed candidate values (e.g. 2 or 3) 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). Therefore, when UE reports 3BDs as required number of BDs for the two PDCCH candidates, 2BDs related decoding can also be used in PDCCH decoding.
Proposal 1:
· 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.
1.2. d1,1 for PDSCH processing time
In RAN1#106b-e meeting, the following agreement was achieved for d1,1 for PDSCH processing time.
	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


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. In other words, Option 2 also applies for UEs doing soft combining.
With regard to other timelines in the case of soft combining, DCI related processing time might be slightly larger than that without soft combining, since two linked PDCCH candidates can only be decoded after the latter PDCCH candidate is received. However, this issue can be alleviated or avoided by gNB implementation. On the other hand, complexity and/or memory issues are still under discussion, which is helpful to relax processing time. Therefore, we propose not to support relaxation of processing time for other timelines.
Proposal 2:
· In d1,1 determination for PDSCH mapping type B, Option 2 also applies for UEs with soft combining.
· Option 2: By considering the PDCCH candidate that results in larger d1,1 value.
Proposal 3: 
· Do not support 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.
1.3. Ambiguity on AL8 & AL16 for PDCCH repetition
In RAN1#106b-e meeting, the following cases related to ambiguity on AL8 & AL16 for PDCCH repetition were identified. Whether/how to support some of them needs further study.
	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)


It was agreed that for two pairs of linked PDCCH candidates, UE is not expected to handle the case where a first PDCCH candidate from the first pair of linked candidates to overlap (same CORESET, DCI size, CCEs, scrambling) with a second PDCCH candidate from the second pair of linked candidates. Similarly, case c1 and c2 can be precluded, since one of the linked PDCCH candidates overlaps with another one of the linked PDCCH candidates.
For case a and b, the issue is similar to the case that 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. Therefore, AL8 candidate in case a and AL16 candidate in case b can be treated as an individual candidate, and similar solution can be adopted.
Proposal 4:
· Case c1 and c2 are not supported for PDCCH repetition.
· 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)
Proposal 5: 
· For case a and case b, interpretation of the detected DCI is based on Rel.17 PDCCH repetition rules (wrt reference PDCCH candidate).
· [bookmark: _GoBack]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)
1.4. PDCCH repetition with M-DCI framework
Another open issue is whether PDCCH repetition can be used with multi-DCI based multi-TRP. Although multi-DCI framework is tailored for non-ideal backhaul, it can also be applied to ideal backhaul scenario if necessary. Similarly, multi-DCI framework could also be applied to ideal backhaul scenario with PDCCH repetition. Actually, it would be better if these two features can be combined. The number of CORESETs can be larger than 3 to ensure that PDCCHs from two TRPs can be transmitted by two CORESETs with different TCI states. Besides, there is no strong motivation to restrict the combination of these two features. Therefore, we propose that PDCCH repetition can be used with multi-DCI based multi-TRP.
Proposal 6: 
· Support two linked PDCCH candidates to be associated with two CORESETPoolIndex values.
1.5. Other issues in PDCCH repetition
In RAN1#106b-e meeting, the following four issues were identified for further study. In this section, these issues will be discussed.
	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


Issue a:
In Rel.15, for a CSI-RS resource associated with a NZP-CSI-RS-ResourceSet with the higher layer parameter repetition not set to 'on', if the CSI-RS resource overlaps 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 'QCL-TypeD', if 'QCL-TypeD' is applicable. When PDCCH repetition is performed, a CSI-RS may overlap with multiple CORESETs with different QCL-TypeD properties. In this case, QCL-TypeD assumption for the CSI-RS resource needs further clarification.
In the first case, QCL parameter of the CSI-RS can be determined by other rules (e.g., configured by RRC signaling, or determined by QCL parameter of corresponding CMR). If the CSI-RS and a PDCCH DM-RS transmitted in all the search space sets associated with any one of the multiple CORESETs are quasi co-located with 'QCL-TypeD', the QCL parameter of the CSI-RS can be determined by other rules (i.e. no enhancement is needed). However, this solution can only be applied in this case.
In the second case, QCL parameter of the CSI-RS can also be determined by other rules. However, the determined QCL parameter of the CSI-RS is different from that of any one of the CORESETs. In order to prioritize the reception of PDCCH, the UE may assume that the CSI-RS and one of the CORESETs (e.g., the CORESET with lowest CORESET ID) are quasi co-located with 'QCL-TypeD'. Alternatively, the UE may assume that the CSI-RS and both CORESETs are quasi co-located with 'QCL-TypeD'. Among these two options, the second one is preferred, which ensures that CSI-RS transmitted by any one of or both of TRPs can be received by UE in this case. 
In order to minimize standardization impact, a unified solution can be defined for all the above-mentioned cases. Since the solution for the first case cannot be applied in the second case, but the solutions for the second case can be applied in the first case, the second option for the second case can be further considered.
Proposal 7:
· QCL-TypeD assumption for CSI-RS with higher layer parameter repetition is not set to 'on' when it overlaps with multiple CORESETs with different QCL-TypeD can be determined as follows:
· UE may assume that the CSI-RS and all CORESETs which can be monitored are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable.
Issue b:
In Rel.15, for a PDSCH scheduled with a DCI format 1_0 in any type of PDCCH common search space, regardless of which bandwidth part is the active bandwidth part, RB numbering starts from the lowest RB of the CORESET in which the DCI was received; otherwise RB numbering starts from the lowest RB in the determined downlink bandwidth part. If PDCCH repetition is performed for type-3 PDCCH, two PDCCHs may be transmitted in two different CORESETs. In this case, a reference PDCCH candidate needs to be defined. One option is that the PDCCH candidate with lowest CORESET ID is used as reference. In another option, the PDCCH candidate which is associated with CORESETs with lowest RB index is used as reference. Both options can work with additional scheduling restriction to ensure that UEs determine the same sets of RBs. For example, the CORESETs with lowest CORESET ID or with lowest RB index shall have the same starting RBs for all UEs configured to monitor type-3 PDCCH.
Proposal 8:
· For DCCH 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, the following PDCCH candidates can be used for reference:
· Option 1: The linked PDCCH candidate which is associated with CORESETs with lowest CORESET ID.
· Option 2: The linked PDCCH candidate which is associated with CORESETs with lowest RB index.
Issue c:
In RAN1#104-e meeting, the following agreement related to PDSCH rate matching was achieved. If a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and the resources in the CORESET(s) containing the PDCCH candidates overlap with the resources of the PDSCH, the PDSCH is rate matched around the union of two PDCCH candidates and the corresponding DMRS. In RAN1#106-e meeting, it was agreed that UE still monitors the linked candidate that is not dropped if the other linked one is dropped due to Rel.15/16 procedures. No matter one of the linked PDCCH candidate is dropped or not, the union of two PDCCH candidates and the corresponding DMRS is occupied. Even if partial resources of the dropped PDCCH candidate are available for PDSCH transmission, complicated rules (for all identified cases) might be needed for UE to utilize these resources. Therefore, we prefer not to optimize this case, and the agreement achieved in RAN1#104-e is still applicable.
Proposal 9:
· If a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and the resources of PDSCH overlaps with scheduling PDCCH resources where corresponding PDCCH candidate is dropped due to interruption, the PDSCH is rate matched around the union of two PDCCH candidates and the corresponding DMRS.
Issue d:
In Rel.15, a location in the Type-1 HARQ-ACK codebook for HARQ-ACK information corresponding to a single SPS PDSCH release is same as for a corresponding SPS PDSCH reception. If PDCCH repetition is performed for SPS release PDCCH, both linked PDCCH candidates are in the same slot. Since both linked PDCCH candidates are corresponding to the same SPS PDSCH, the rule in Rel.15 can still be reused. 
Proposal 10:
· With Type-1 HARQ-ACK codebook, and the SPS release PDCCH repetition, the location of the HARQ-ACK bit of the SPS release PDCCH is same as for a corresponding SPS PDSCH reception (i.e. the rule in Rel.15 is reused).
Enhancements on PUSCH and PUCCH
1.6. Configuration and indication of SRS resources  
In the last e-meeting, the following agreements were achieved for the configuration of SRS resources for M-TRP PUSCH transmission:
	Agreement
For both CB and NCB based mTRP PUSCH repetition schemes,  
· The SRS-ResourceSets (the first and second SRS resource sets) applicable for multi-TRP PUSCH scheduled by DCI format 0_1 and DCI format 0_2 are defined by the entries of the higher layer parameter srs-ResourceSetToAddModList and srs-ResourceSetToAddModListDCI-0-2 in SRS-config, respectively. 
· The first/second SRS resource set configured by higher layer parameter srs-ResourceSetToAddModListDCI-0-2 is composed of the first NSRS,0 2 SRS resources in the first/second SRS resource set configured by higher layer parameter srs-ResourceSetToAddModList. 
· FFS: Whether the value of the NSRS,0 2 can be different
· The presence of the new field in the DCI for dynamic switching (2bits) is separately determined for DCI format 0_1 and DCI format 0_2 (based on whether two SRS resource sets are configured for that DCI format).
Agreement
For CB based mTRP PUSCH repetition, the number of SRS ports indicated by the two SRIs should be the same. 
· Note: This is to clarify an older agreement on the indication of two SRIs/TPMIs, where it mentioned that “The number of SRS ports between two TRPs should be same”.  
· FFS: Whether or not this has specification impact
Agreement
On the number of SRS resources configured in the two SRS resource sets, select Alt.1, 
· Alt.1: Support the same number of SRS resources for both CB and NCB based m-TRP PUSCH repetition.


According to the agreements, for each TRP, the SRS resources in the SRS resource set for DCI format 0_2 should be the subset of SRS resources in the SRS resource set for DCI format 0_1. It implies that M-TRP transmission with 2 SRS resource sets for DCI format 0_2 is not supported when only 1 SRS resource set is configured for DCI format 0_1. Since M-TRP PUSCH transmission is very important for URLLC to improve reliability and robustness, M-TRP transmission with DCI format 0_2 and S-TRP transmission with DCI format 0_1 should be supported in Rel.17, i.e. one SRS resource set for “codebook”/“nonCodebook” in srs-ResourceSetToAddModList and 2 SRS resource sets for “codebook”/“nonCodebook” in srs-ResourceSetToAddModListDCI-0-2 should be supported in Rel.17.
In order to make sure both the SRS resource set for DCI format 0_1 and the 1st SRS resource set for DCI format 0_2 are associated with the 1st set of PUSCH power control parameters, the 1st SRS resource set for DCI format 0_2 should be composed of the first NSRS,0 2 SRS resources in the SRS resource set for DCI format 0_1 when M-TRP transmission is supported by DCI format 0_2 but not supported by DCI format 0_1.
Proposal 11:
· For both CB and NCB based TRP PUSCH repetition schemes,  
· One SRS resource set in srs-ResourceSetToAddModList and 2 SRS resource sets in srs-ResourceSetToAddModListDCI-0-2 are supported;
· When one SRS resource set is configured in srs-ResourceSetToAddModList and 2 SRS resource sets are configured in srs-ResourceSetToAddModListDCI-0-2, the first SRS resource set configured by srs-ResourceSetToAddModListDCI-0-2 is composed of the first NSRS,0 2 SRS resources in the SRS resource set configured by srs-ResourceSetToAddModList.
For the FFS that whether the value of the NSRS,0 2 can be different, since the same number of SRS resources should be configured in the two SRS resource sets, it is natural that value of NSRS,0 2  is the same for the two sets when both srs-ResourceSetToAddModListDCI-0-2 and srs-ResourceSetToAddModList are configured with two SRS resource sets.
Proposal 12:
· For both CB and NCB based M-TRP PUSCH repetition schemes,  
· When 2 SRS resource set are configured in srs-ResourceSetToAddModList and 2 SRS resource sets are configured in srs-ResourceSetToAddModListDCI-0-2, same value of NSRS,0 2 are applied for the two sets.
1.7. Aperiodic SRS with associated NZP CSI-RS
In the last e-meeting, four candidate solutions were provided on the minimal gap between associated NZP-CSI-RS and aperiodic NCB SRS as follows：
	Agreement
For NCB based mTRP PUSCH repetition, on the minimal gap between associated NZP-CSI-RS and aperiodic NCB SRS, select one from the below in RAN1 #107-e meeting,
· 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.


It is our view that a UE supports M-TRP PUSCH transmission would have stronger processing capability than UEs support S-TRP PUSCH transmission in Rel.15, it should not be an issue for the UE to determine the precoders of the aperiodic SRS for NCB in legacy processing time.
Proposal 13:
· For NCB based M-TRP PUSCH repetition, no enhancement  for minimal gap between associated NZP-CSI-RS and aperiodic NCB SRS, i.e. Alt. 4 is supported.
1.8. Beam mapping and frequency hopping
In RAN1 #104-e meeting, the following 3 options on inter-slot frequency hopping for PUCCH 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). 

[image: ]
Figure 1 Comparison of different frequency hopping schemes for inter-slot PUCCH repetition
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 14: 
· 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.
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 15: 
· 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.
Conclusions
In this contribution we provide our views on remaining issues for PDCCH/PUCCH/PUSCH enhancements in Rel.17. Based on the above discussion, we have the following proposals:
Proposal 1:
· 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 2:
· In d1,1 determination for PDSCH mapping type B, Option 2 also applies for UEs with soft combining.
· Option 2: By considering the PDCCH candidate that results in larger d1,1 value.
Proposal 3: 
· Do not support 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.
Proposal 4:
· Case c1 and c2 are not supported for PDCCH repetition.
· 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)
Proposal 5: 
· For case a and case b, interpretation of the detected DCI is based on Rel.17 PDCCH repetition rules (wrt reference PDCCH candidate).
· 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)
Proposal 6: 
· Support two linked PDCCH candidates to be associated with two CORESETPoolIndex values.
Proposal 7:
· QCL-TypeD assumption for CSI-RS with higher layer parameter repetition is not set to 'on' when it overlaps with multiple CORESETs with different QCL-TypeD can be determined as follows:
· UE may assume that the CSI-RS and all CORESETs which can be monitored are quasi co-located with 'QCL-TypeD', if 'QCL-TypeD' is applicable.
Proposal 8:
· For DCCH 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, the following PDCCH candidates can be used for reference:
· Option 1: The linked PDCCH candidate which is associated with CORESETs with lowest CORESET ID.
· Option 2: The linked PDCCH candidate which is associated with CORESETs with lowest RB index.
Proposal 9:
· If a PDSCH is scheduled by a DCI in PDCCH candidates that are linked for repetition, and the resources of PDSCH overlaps with scheduling PDCCH resources where corresponding PDCCH candidate is dropped due to interruption, the PDSCH is rate matched around the union of two PDCCH candidates and the corresponding DMRS.
Proposal 10:
· With Type-1 HARQ-ACK codebook, and the SPS release PDCCH repetition, the location of the HARQ-ACK bit of the SPS release PDCCH is same as for a corresponding SPS PDSCH reception (i.e. the rule in Rel-15 is reused).
Proposal 11:
· For both CB and NCB based TRP PUSCH repetition schemes,  
· One SRS resource set in srs-ResourceSetToAddModList and 2 SRS resource sets in srs-ResourceSetToAddModListDCI-0-2 are supported;
· When one SRS resource set is configured in srs-ResourceSetToAddModList and 2 SRS resource sets are configured in srs-ResourceSetToAddModListDCI-0-2, the first SRS resource set configured by srs-ResourceSetToAddModListDCI-0-2 is composed of the first NSRS,0 2 SRS resources in the SRS resource set configured by srs-ResourceSetToAddModList.
Proposal 12:
· For both CB and NCB based M-TRP PUSCH repetition schemes,  
· When 2 SRS resource set are configured in srs-ResourceSetToAddModList and 2 SRS resource sets are configured in srs-ResourceSetToAddModListDCI-0-2, same value of NSRS,0 2 are applied for the two sets.
Proposal 13:
· For NCB based M-TRP PUSCH repetition, no enhancement  for minimal gap between associated NZP-CSI-RS and aperiodic NCB SRS, i.e. Alt. 4 is supported.
Proposal 14: 
· 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 15: 
· 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.
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