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Introduction
The Rel-17 WID for further enhancements on MIMO (FeMIMO) is approved [1], which includes the following objective:
	2. Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
a. Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 




In this contribution, we discuss further on the PDCCH, PUCCH and PUSCH transmission using multi-TRP/multi-panel framework in this meeting respectively.  

PDCCH
TCI state configuration for Multi-TRP PDCCH 
In order to support Option 2+ Case 1, Alt 3 was supported as a working assumption. For Alt 3, if the two SS sets associated with a same CORESET, it needs to configure two TCI states for the CORESET. It is straight forward to reuse the agreement in last meeting to active two TCI states for the CORESET in Alt 3. In addition, the TCI state of each SS set also need to be indicated to UE. And it can also be indicated by a predefined rule, such as a mapping rule between the SS set and the TCI state ID. For example, the TCI state with lower TCI state ID will be applied to the SS set with lower SS set ID. 
Proposal 1: To decide the TCI state for each of two SS sets associated with a same CORESET by predefined rule for Alt 3.
If two different CORESETs are necessary for Alt 3, two separately MAC CEs are needed to activate the beam for these two CORESETs if reusing beam indication mechanism for CORESET in Rel-15/16. In order to save the signaling overhead and to make the synchronization between beams updating of these two CORESETs, it is better to indicate these two beams by one signaling. As for the signaling with enhancement, there are two ways to achieve. 
· 1st way: by MAC CE
· One way is to activate at most two beams and each beam for one of two CORESETs respectively. The MAC CE can indicate two CORESET IDs and two TCI states. In addition, for each TCI state, there is 1 bit to indicate the present or not. Thus with this MAC CE signaling, gNB can indicate the TCI state of one CORESET or two CORESETs dynamically.
· 2nd way: by DCI
· The other way is to reuse the beam indication signaling medium to support joint or separate DL/UL beam indication in Rel.17 unified TCI framework. It means to support Multi-TRP common beam indication by DCI. With this enhancement, one DCI codepoint can indicate one or two TCI states. And the mapping between DCI codepoint and TCI state(s) can be configured by MAC CE. With this DCI signaling, gNB can indicate the TCI state of one CORESET or two CORESETs more dynamically.     
Proposal 2: To design one signaling for TCI state indication of two CORESETs for Multi-TRP PDCCH with Alt 3. 
Decoding assumption 
As for the number of blind decoding corresponding to two PDCCH candidates that are linked for PDCCH repetition, agreement was achieved in RAN1-104b e-meeting [2]. From our point of view, it is better to support one of the candidate values implying that UE supports soft combining in order for PDCCH resource allocation at gNB side. In addition, we also think it is beneficial to support an additional value between 1 and 2 since only soft combining may be assumed at UE side.  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

Proposal 3: Support some candidate values implying that UE supports soft combining.
Linking between SS sets 
It was agreed in RAN1-104e meeting that support linking two SS sets by RRC configuration for PDCCH repetition. From our point of view, MAC CE should be supported additionally to reduce the latency. For example, multiple pairs of SS sets can be configured by RRC signaling, and MAC CE will be used to activate/deactivate each pair. In this case, dynamical switching between Multi-TRP PDCCH transmission and single TRP PDCCH transmission can be achieved according to the PDCCH signaling overhead and the channel condition.
Proposal 4: Support MAC CE to activate/deactivate each linked SS set pair to achieve dynamical switching between Multi-TRP PDCCH transmission and single TRP PDCCH transmission.
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

Identification of two QCL Type D for monitoring overlapped CORESETs
In RAN1-106 e-meeting [3], for two QCL-Type D properties for multiple overlapping CORESETs，three alts were agreed to be down-selected in this meeting.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

Alt 1 may lead to 2 QCL-Type D that cannot be received by UE simultaneously, thus we don’t support it.
For Alt 3, since the priority order is SS type > linkage of SS sets, we think the priority of individual CSS set is higher than that two linked USS sets. If the first QCL-Type D is from unlinked CSS and there is at least one SS set share the same QCL Type D as the first QCL Type D linked with other SS set, Alt 2 can be used to identify the second QCL Type D or the second QCL Type D can be determined by the priority of the SS set pair (the priority is according to one of the two SS sets with a lower SS set ID). If the first QCL-Type D is from unlinked CSS, and there is no SS set pair share the same QCL Type D as the first QCL Type D, the second QCL Type D can be selected from the QCL Type D(s) which can be simultaneously received by UE based on the Rel. 15 priority order. For Alt 2, it is also possible that no such SS set pair, the same solution as that proposed for Alt 3 can be used.
Compared with Alt 2, the advantage of Alt 3 is for the case that two linked SS set are allocated in different time domain. In this case, with Alt 3, two QCL Type D of two linked SS set will be selected with high probability. While with Alt 2, it is possible that in time domain 1, QCL Type D of one SS set in SS set pair#1 is selected, while in time domain 2, QCL Type D of one SS set in SS set pair#2 is selected. That means no PDCCH repetition for each SS set pair. Thus in order for a unified rule for TDM based and FDM based SS set pair, we prefer Alt 3.
Proposal 5: Support Alt 3 for identification of two QCL Type D to achieve a unified rule for TDM based and FDM based SS set pair.
Overbooking 
In RAN1-106 e-meeting, for overbooking，two alts were agreed for each case to be down-selected in this meeting. For Case 2, we support Alt 2 since soft combining will be assumed with 3 BDs. While for Case 1, if only individual decoding is assumed, we prefer Alt 1, else we prefer Alt 2. In order for the simplicity, we are also fine with Alt 2.
Proposal 6: Prefer Alt 2, consider the SS set pair together for overbooking in both cases.
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.

TCI state configuration for both PDCCH repetition and PDSCH repetition 
As for the starting time of PDSCH mapping Type B, it can’t be started before the PDCCH candidates starting later according to the agreements in RAN1-106 e-meeting. In this case, it is possible that there are some problems in the TCI state mapping for PDSCH. 
An example can be seen in Figure 1. For a UE configured with simultaneous PDCCH repetition and PDSCH repetition with unified TCI state, refer to the TCI state mapping rule, the first PDSCH will use the first TCI state, i.e., beam#1, the second PDSCH will use the second TCI state, i.e., beam#2. But the first PDSCH is overlapped with the second PDCCH, the first PDSCH will use the same TCI state as that of the second PDCCH. In this case, same TCI states will be applied to two PDSCH repetitions.  In order to solve the problem, we propose to enhance the TCI state mapping rule for simultaneous PDCCH repetition and PDSCH repetition with unified TCI state. Or NW can avoid the overlap between PDCCH and PDSCH by scheduling.
[image: ]
Figure 1, simultaneous PDCCH repetition and PDSCH repetition
Proposal 7: Suggest to consider the TCI state mapping rule when simultaneous PDCCH repetition and PDSCH repetition is configured.

UE complexity / memory requirements for linked PDCCH candidates 
In RAN1-106 e-meeting, the UE complexity/memory requirements for linked PDCCH candidates were discussed. We think there should be some buffer size issue if UE wants to use soft combining for Case 2 and Case 3. We prefer that UE is optional to support Case 2 and Case 3 according to UE capability. If Case 2 and Case 3 are not supported, gNB should make sure to restrict that there is no any other monitoring occasion between the pair of monitoring occasions.Agreement 
Study whether/how to handle UE complexity / memory requirements for linked PDCCH candidates
· The following cases can be considered:
· Case 1: One pair of linked MO’s of one pair of linked SS sets in a given slot with large number of candidates.
· Case 2: Multiple pairs of linked MO’s of one pair of linked SS sets in a given slot, where MO’s of the two SS sets are not interlaced
· Case 3: For two pairs of linked SS sets (e.g. SS sets 1 and 2 are linked, and SS sets 3 and 4 are linked), a MO of any of the SS sets (e.g. SS set 3) is in between two linked MOs of another two SS sets (e.g. SS sets 1 and 2).
· Other cases are not precluded.
· Examples of possible mechanisms to address the issue: Restrictions in the spec, UE capability, limit total number linked candidates in a slot, limit total number of linked candidates / CCEs at any given time (similar to CPU occupation)
· Whether the solution should also depend on AL of linked candidates
· The case of CA can also be considered

Proposal 8: Not prefer Case 2 or Case 3 for time domain resource allocation for multiple pairs of linked SS sets.

PUSCH
In this section, we discuss the several leftover issues on multi-TRP based PUSCH transmission.

Dynamic switching between sTRP and mTRP
In RAN1#106-e, the following has been agreed on SRI/TPMI indication and the scheme for dynamic switching between single TRP and multi-TRP based PUSCH transmissions [3]:
	Agreement
For the new field in DCI for dynamic switching, 
· For Codepoint “11”, the 1st SRI/TPMI field associate with the 1st SRS resource set while the 2nd SRI/TPMI field associate with the 2nd SRS resource set. i.e.,  
	Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

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


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

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 discussion on the number of SRS resources configured in the two SRS resource sets, we don’t see a great need to configure different number of SRS resources in the two SRS resource sets. And also this can avoid further spec workload on different number of SRS resources which seems to be corner cases.
To make things simple, we prefer Alt.1 with adding the restriction of configuring the same number of SRS resources in the two SRS resource sets.
Proposal 9：Support same number of SRS resources for the two SRS resource sets configured for both CB and NCB.

Beam mapping to PUSCH repetitions
In RAN1#104bis-e meeting, the following has been made on beam mapping to PUSCH repetitions [2]: 
	Agreement
Confirm the following working assumption (with removing the last bullet):
For single DCI based M-TRP PUSCH repetition Type A and B, it is possible to configure either cyclic mapping or sequential mapping of UL beams.
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.
· FFS: Support of half-half mapping. 
· FFS: Additional considerations on mapping patterns (including required beam switching gaps) 




Configurable beam mapping pattern
For PUSCH repetitions, the maximum repetition number is 16 and this may be extended in the future. With the increase of repetition number, the beam switching number increases too. For UE, power consumption at least increases. In some scenarios, frequent beam changing is not desired especially when beam switching gap is involved. So we prefer to also take the half-half mapping into account.
Proposal 10: Support half-half mapping and/or slot-level mapping to avoid the frequent beam changes in some scenarios.
Proposal 11: Support configurable beam mapping pattern by the gNB scheduler for multi-TRP based PUSCH.

Frequency hopping
For PUSCH repetition Type A and Type B, inter-repetition frequency hopping is performed among the repetitions according to the following alternatives,
Alt.1:
· If sequential mapping pattern is configured, frequency hopping is performed on slot/repetition level (as in Rel-15).
· If cyclical mapping pattern is configured, frequency hopping is performed among the repetitions with the same beam. 
Alt.2:
· Frequency hopping is performed on repetition level as in Rel-15 (no spec impact). 

In our view, sequential beam mapping can always get the beam diversity gain as well as the frequency diversity gain, but when cyclic beam mapping is configured, only Alt.1 can achieve both the beam diversity and frequency divert at the same time which would provide benefits for the performance. Some spec impact on the frequency hopping with cyclical mapping pattern configured is needed to ensure the inter-slot frequency hopping is performed among the repetitions within the same beam. If Alt.1 is not supported for cyclic mapping, it may lead to the first prioritization of sequential beam mapping configuration from the performance perspective, which is not the original intension. 
Proposal 12: Support inter-slot frequency hopping performed among the repetitions associated with the same TRP for both cyclic mapping and sequential mapping for PUSCH repetition Type A.
Proposal 13: Support inter-repetition frequency hopping performed among the repetitions associated with the same TRP for both cyclic mapping and sequential mapping for PUSCH repetition Type B.

Enhancement on Orphan symbols
In Rel-16 URLLC WI, the issue of orphan symbol has been discussed. It has been specified that when the time span of an actual repetition is only one symbol, the orphan symbol would be dropped for transmission. Another case that may also lead to orphan symbols is that when the actual coding rate is too high for a successful decoding, e.g. coding rate R>0.94, this is because the TBS determination is based on the indicated symbols of the nominal repetition before segmentation, while channel coding process is based on the actual repetitions. When beam switching gap is considered and the mechanism of dropping (omitting) symbol(s) of the repetition is applied, more orphan symbols would be generated.
With the dropping of the orphan symbols, the transmission gap between the adjacent DMRS symbols targeting the same TRP may become too large in multi-TRP scenarios which would degrade the channel estimation performance. Also it is a kind of waste to only drop the orphan symbols while the resources for uplink transmission is quite limited. So we suggest to still transmit the DMRS of the orphan symbols with the beam allocated for the nominal repetition to enhance the channel estimation performance functioned as additional DMRS for a certain beam.
Proposal 14: Transmitting the DMRS symbol instead of dropping (omitting) the orphan symbol(s) for multi-TRP based PUSCH, applying with the same beam mapped onto that nominal repetition.

PTRS-DMRS association enhancement
In RAN1 previous meetings, the following has been agreed regarding the PTRS-DMRS association for PUSCH [2]:
	Agreement (#105)
For single DCI based M-TRP PUSCH Type B repetition, the indication of PTRS-DMRS association for maxRank > 2 is supported, down select one of the following options in RAN1 #105-e meeting, 
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2.
· 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.

Working assumption (#106)
For non-codebook based multi-TRP PUSCH repetition, select Alt.2. 
· Alt. 2: the actual number of PT-RS ports corresponding to the 1st SRS resource set can be different from the actual number of PT-RS ports corresponding to the 2nd SRS resource set.
· FFS: Whether specification change is needed due to this working assumption





Currently, each PTRS port is associated with one DMRS port for cases of one PTRS port and two PTRS ports. For PUSCH transmission of maxRank>2, the PTRS-DMRS association should be enhanced to indicate separately for transmission towards each TRP. 
To keep it simple and unified with other DCI design, a second PTRS field can be added for both one PTRS port and two PTRS port which is based on the R15/16 interpretation.
Option 1 provides the full flexibility of the DMRS port allocations for both TRPs while needs more DCI overhead. Option 2 is indicated both explicitly and implicitly, also the entries for DMRS port indication is limited too. The spec impact is larger to save more DCI overhead. Option 3 has limitation in
Proposal 15:  For multi-TRP operation of maxRank>2, option 1 is preferred to indicate the PTRS-DMRS association per TRP.

[bookmark: _Ref61127651]PUCCH
In this section, we provide our views on several issues of PUCCH transmissions using multi-TRP/multi-panel framework.

Transmission schemes
In RAN1#104-e meeting, the following WA has been made on the Scheme 3 of PUCCH [2]:
	Agreement 
Confirm the working assumption with removing brackets on [consecutive] and adding UE capability.
· For PUCCH reliability enhancement, support multi-TRP intra-slot repetition (Scheme 3) for all PUCCH formats.
· The same PUCCH resource carrying UCI is repeated for X = 2 [consecutive] sub-slots within a slot. 
· Refer the design details related to sub-slot configurations (e.g. other values of X) to Rel-17 eIIoT
· Note1: The decision of supporting scheme 3 is only applicable for multi-TRP operation.
· This feature is optional. 




PUCCH Scheme 2 has been discussed among companies, and we can’t see a strong reason to against it technically.
To enhance the multi-TRP operation within a slot, either Scheme 2 or Scheme 3 alone cannot support multi-TRP based intra-slot repetitions for all cases.  Since Scheme 3 support only sub-slot PUCCH, and Scheme 2 can be specified as another appealing approach for UEs not implementing sub-slot operations.
Also Scheme 2 is an important approach especially for cases when twice of the PUCCH duration cannot be satisfied to repeat within a slot and very low latency is highly required. 
Some companies have concerns about the self-decodable capability for each beam hop in the case of blockage, we think Scheme 2 is quite similar to FDM Scheme 2a (not self-decodable for each TRP) for multi-TRP based PDSCH,  and Scheme 3 is somewhat similar to FDM Scheme 2b(self-decodable for each TRP)，both schemes can be applied to different scenarios, so this would not be a problem. How to apply the appropriate scheme (scheme 2 or scheme 3 as candidate schemes for intra-slot approaches) is up to the scheduler of the network.
Based on the above, Scheme 2 is as important as Scheme 3 to achieve the diversity gain within a slot for different scenarios from Scheme 3. So we suggest to also adopt Scheme 2 for the intra-slot PUSCH repetition for multi-TRP based operation.
Proposal 16: Support scheme 2 to be adopted for the intra-slot PUSCH repetition for multi-TRP based operation, and more than 2 hops are not expected.
Proposal 17: For scheme 3, only 2 repetitions within a slot are considered.

Dynamic indication of PUCCH repetition number
In RAN1#103-e meeting, the following agreement has been made on the repetition number of PUCCH indication:
	Agreement
For configuration/indication of the number of PUCCH repetitions for Scheme 1, there is no restriction on using Rel-15 framework on configuring the number of repetitions.  
· Rel-17 feMIMO may additionally consider supporting the dynamic indication of the number of repetitions in RAN1 #104 meeting.  




It is beneficial to support more dynamic indication method of the number of repetitions. Currently, the repetition number is configured on PUCCH format level and fixed to all PUCCH resources with the same PUCCH format. If both the repetition number and the repetition scheme can be configured per PUCCH resource, dynamic indication on a resource level can be achieved. Also this can be achieved by activating the suitable repetition number for the certain PUCCH resource set with the MAC-CE signaling from a set of RRC-configured candidate values.
Proposal 18: Dynamic indication can be achieved on a resource level configuration, or by activating the suitable repetition number for the certain PUCCH resource with the MAC-CE signaling from a set of RRC-configured candidate values.

Beam mapping to PUCCH repetitions
In RAN1#104b-e meeting, the following has been made on beam mapping to PUCCH repetitions [2]: 
	Agreement 
Confirm the following Working Assumption:
For PUCCH multi-TRP enhancements in Scheme 1, it is possible to configure either cyclic mapping or sequential mapping of spatial relation info’s over PUCCH repetitions. 
· FFS: Applicability of mapping patterns for different beam switching gaps
· The support of cyclic mapping can be optional UE feature for the cases when the number of repetitions is larger than 2. 
· Note: For Scheme 1, cyclical mapping pattern and sequential mapping pattern are as follows, 
· Cyclical mapping pattern: the first and second beam are applied to the first and second PUCCH repetition, respectively, and the same beam mapping pattern continues to the remaining PUCCH repetitions. 
· Sequential mapping pattern: the first beam is applied to the first and second PUCCH repetitions, and the second beam is applied to the third and fourth PUCCH repetitions, and the same beam mapping pattern continues to the remaining PUCCH repetitions.




In RAN1#104b-e meeting, the following has been made on frequency hopping for PUCCH scheme 1 [2]: 
	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). 




Only Option 1 can achieve both the beam diversity and frequency divert at the same time. Some spec impact on the frequency hopping with cyclical mapping pattern configured is needed to ensure the inter-slot frequency hopping is performed among the repetitions within the same beam.
Proposal 19: Support Option 1 for the inter-slot frequency hopping with PUCCH repetition.

Conclusion
[bookmark: _GoBack]In this contribution, we discuss about the PDCCH, PUCCH and PUSCH reception by Multi-TRP. Based on above discussions, we provide the following proposals.
PDCCH：
Proposal 1: To decide the TCI state for each of two SS sets associated with a same CORESET by predefined rule for Alt 3.
Proposal 2: To design one signaling for TCI state indication of two CORESETs for Multi-TRP PDCCH with Alt 3. 
Proposal 3: Support some candidate values implying that UE supports soft combining.
Proposal 4: Support MAC CE to activate/deactivate each linked SS set pair to achieve dynamical switching between Multi-TRP PDCCH transmission and single TRP PDCCH transmission.
Proposal 5: Support Alt 3 for identification of two QCL Type D to achieve a unified rule for TDM based and FDM based SS set pair.
Proposal 6: Prefer Alt 2, consider the SS set pair together for overbooking in both cases.
Proposal 7: Suggest to consider the TCI state mapping rule when simultaneous PDCCH repetition and PDSCH repetition is configured.
Proposal 8: Not prefer Case 2 or Case 3 for time domain resource allocation for multiple pairs of linked SS sets.

PUSCH:
Proposal 9：Support same number of SRS resources for the two SRS resource sets configured for both CB and NCB.
Proposal 10: Support half-half mapping and/or slot-level mapping to avoid the frequent beam changes in some scenarios.
Proposal 11: Support configurable beam mapping pattern by the gNB scheduler for multi-TRP based PUSCH.
Proposal 12: Support inter-slot frequency hopping performed among the repetitions associated with the same TRP for both cyclic mapping and sequential mapping for PUSCH repetition Type A.
Proposal 13: Support inter-repetition frequency hopping performed among the repetitions associated with the same TRP for both cyclic mapping and sequential mapping for PUSCH repetition Type B.
Proposal 14: Transmitting the DMRS symbol instead of dropping (omitting) the orphan symbol(s) for multi-TRP based PUSCH, applying with the same beam mapped onto that nominal repetition.
Proposal 15:  For multi-TRP operation of maxRank>2, option 1 is preferred to indicate the PTRS-DMRS association per TRP.

PUCCH:
Proposal 16: Support scheme 2 to be adopted for the intra-slot PUSCH repetition for multi-TRP based operation, and more than 2 hops are not expected.
Proposal 17: For scheme 3, only 2 repetitions within a slot are considered.
Proposal 18: Dynamic indication can be achieved on a resource level configuration, or by activating the suitable repetition number for the certain PUCCH resource with the MAC-CE signaling from a set of RRC-configured candidate values.
Proposal 19: Support Option 1 for the inter-slot frequency hopping with PUCCH repetition.
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