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Introduction
In 3GPP RAN1 #102-e, some agreements on multi-TRP for PDCCH, PUCCH and PUSCH have been made. In this contribution, we present our views on some related issues.
Enhancements on PDCCH
2.1 Configuration of search space set and CORESET
Agreement
To enable a PDCCH transmission with two TCI states, study pros and cons of the following alternatives:
· Alt 1: One CORESET with two active TCI states
· Alt 2: One SS set associated with two different CORESETs
· Alt 3: Two SS sets associated with corresponding CORESETs
· At least the following aspects can be considered: multiplexing schemes (TDM / FDM/ SFN / combined schemes), BD/CCE limits, overbooking, CCE-REG mapping, PDCCH candidate CCEs (i.e. hashing function), CORESET / SS set configurations, and other procedural impacts.

In RAN1#102e, three alternatives for the association between SS set and CORESETs are proposed. For the three alternatives, the pros and cons are discussed from the following aspects.
Supported multiplexing schemes (TDM/FDM/SFN/combined schemes):
Different allocation of time and domain resource is needed for different multiplexing scheme. In Alt 1-1, one PDCCH candidate is associated with both TCI states of the CORESET. Therefore, same time and domain resources can be used in SFN manner with Alt 1-1, while it can be challenge to satisfy the requirement of SFN with Alt 2 or Alt 3. Besides SFN, TDM and FDM can be well supported with Alt 1. However, if two CORESETs or two SS sets are used as in Alt 2 and Alt 3, specification or implementation efforts are needed to avoid the overlapping in time and frequency domain resource for TDM and FDM scheme respectively. To achieve that, restriction in configuration of SS sets and CORESET by RRC is needed. 
Observation 1:  TDM, FDM, SFN and combined multiplexing scheme can all be supported with Alt 1, i.e., one CORESET with two active TCI states.
BD/CCE limits and overbooking:
To compare the above three alternatives, the same number of CCEs should be assumed. Based on the assumption of same CCE number, the blind detection of PDCCH candidate number is the same for the three alternatives. Following the overbooking rules defined in Rel-15 and 16, search space with smaller ID has higher priority, while search space with larger ID might not be monitored. If one search space is used, both of the two PDCCHs may be dropped or monitored. If two search spaces are used, drop of PDCCH can also happen when BD limit is reached. So, if same BD/CCE number is assumed, dropping of PDCCH exists due to BD/CCE limit could occur for all the three alternatives.
Observation 2: From overbooking perspective, Alt 1, 2 and 3 are similar.
CCE-REG mapping types:
If two CORESETs are used, different CCE-REG mapping types may be configured by RRC. So，from UE perspective, the procedure of performing channel estimation  based on the CCE indexes calculated with hash function is the same. However, interleaved mapping means uniformly distributed frequency resource across the CORESET for each candidate, while non-interleaved mapping result in a continuous allocation of frequency resource for each candidate. If different CCE-REG mapping types are configured for different CORESETs, how to avoid the collision of two PDCCH candidates from two TRPs needs to be specified.
Observation 3: How to avoid the collision of two PDCCH candidates from two TRPs needs to be studied if different CCE-REG mapping types are applied for Alt 2 and 3.
Resources for PDCCH candidate:
The resource determination for PDCCH candidate is related to the PDCCH candidate number configured in associated SS set and CCE number configured in CORESET. For Alt 1, how to associate the two TCI states with CCE number of CORESET result in different indexes for PDCCH candidate. For Alt2, whether all the PDCCH candidates per aggregation level configured in SS set are associated with each CORESET or a part of the PDCCH candidates is associated with each CORESET also result in different indexes for PDCCH candidate.
Observation 4: CCE indexes calculation of PDCCH candidate needs to be considered for Alt 1 and 2.
Dynamic switching between single TRP and multi-TRP:
In Rel-16, dynamic switch between single TRP and multi-TRP transmission for PDSCH is supported and it is achieved by TCI indication for PDSCH. In Rel-17, the same mechanism can be applied for PDCCH enhancement to satisfy different traffic types and unnecessary overhead can be avoided. To support dynamic switch between single TRP and multi-TRP based PDCCH transmission, some enhancements need to be introduced for the three alternatives:
· For Alt 1, only one CORESET is applied for PDCCH enhancements. In Rel-16, one TCI state is activated by MAC-CE for each CORESET. To support PDCCH enhancement, the activation of two TCI states need to be introduced and similar design can be referred from the design of TCI state indication for PDSCH in Rel-16.
· For Alt 2, one SS set is associated with two different CORESETs. One CORESET ID is configured for each SS in Rel-16 and two CORESET IDs are need to be preconfigured through RRC configuration for PDCCH enhancement in Rel-17. In such case, it is hard to support dynamic switch for PDCCH transmission between single TRP and multi-TRP by RRC reconfiguration. One method to support dynamic switch is to configure more SS sets where some SS sets are associated with one CORESET and others are associated with two CORESETs. However, with more configured SS sets, overbooking issue should be considered.
· For Alt 3, If two PDCCHs carry same DCI from two SS sets are associated with corresponding CORESETs, the association between two SS sets needs to be preconfigured. If dynamic switching between single TRP and multi-TRP is to be introduced, a new mechanism for determining the association relation between two SS sets is necessary.
For Alt 1, based on the discussion above, only minor enhancements are needed and it can be compatible with the design of Rel-16 for supporting the dynamic switching of PDCCH transmission between single TRP and multi-TRP.
Observation 5: Only minor enhancements are needed to support dynamic switching between single TRP and multi-TRP based PDCCH transmission for Alt1.
Proposal 1: Support one CORESET with two active TCI states for PDCCH enhancement based on multi-TRP.
2.2 Repetition scheme
Agreement
For non-SFN based mTRP PDCCH reliability enhancements, study the following options:
· Option 1 (no repetition): One encoding / rate matching for a PDCCH with two TCI states
· Option 2 (repetition): Encoding / rate matching is based on one repetition, and the same coded bits are repeated for the other repetition. Each repetition has the same number of CCEs and coded bits, and corresponds to the same DCI payload.
· Study both intra-slot repetition and inter-slot repetition
· Option 3 (multi-chance): Separate DCIs that schedule the same PDSCH /PUSCH /RS/TB/etc. or result in the same outcome.
· Study both cases of DCIs in the same slot and DCIs in different slots
Note 1: Companies are encouraged to evaluate the different options based on agreed LLS assumptions for possible down-selection in RAN1#103-e.
Note 2: The actual encoding / rate matching chain for PDCCH polar coding (i.e. 38.212 Sections 5.3.1 / 5.4.1 / 7.3.3 / 7.3.4) is not changed in the options above.

Based on above agreement, if total resources are same, two or more PDCCHs are transmitted for option 2 and option 3. In such case, the resource for each PDCCH is reduced by half at least compared with option 1. Thus the coding rate for option 2 and 3 is higher than option 1 under same conditions while more transmission chances are available for option 2 and 3. Whether higher coding rate with more transmission chances or lower coding rate with fewer transmission chances has advantage on the PDCCH reliability depends on the aggregation level, channel condition and etc. However, based on common understanding, we think that two or more repetitions are more robust to cope with channel blocking especially in FR2.  For option 3, separate DCIs are transmitted with different coded bits in each transmission. Even if UE has the knowledge of the linkage between PDCCH candidates that schedule the same channel, it is impossible for UE to implement soft combining for PDCCH candidates. Some companies noted that separate DCI can achieve more functions such as indication of another PDCCH. From our view, in one aspect, the linkage of two PDCCH should be preconfigured considering the HARQ process for acquiring the PUCCH resource and UE canknow the existing of another related PDCCH. However, on the other hand,  if UE can correctly decode one of the PDCCHs, the information for indicating position of another PDCCH is not necessary.
[bookmark: _Hlk54416728] Proposal 2: Repetition(option 2) is preferred for non-SFN based mTRP PDCCH reliability enhancement.
2.3 Multiplexing scheme
Agreement
For mTRP PDCCH reliability enhancements, study the following multiplexing schemes
· TDM : Two sets of symbols of the transmitted PDCCH / two non-overlapping (in time) transmitted PDCCH repetitions / non-overlapping (in time) multi-chance transmitted PDCCH are associated with different TCI states
· Aspects and specification impacts related to intra-slot vs inter-slot to be discussed
· FDM : Two sets of REG bundles / CCEs of the transmitted PDCCH / two non-overlapping (in frequency) transmitted PDCCH repetitions / non-overlapping (in frequency) multi-chance transmitted PDCCH are associated with different TCI states
· SFN : PDCCH DMRS is associated with two TCI states in all REGs/CCEs of the PDCCH 
· Note: There is dependency between this scheme and AI 2d (HST-SFN )
· Note: Combinations of the schemes are not precluded, and they can be discussed at a later stage.

TDM:
For no repetition, each TRP transmits a part of the DCI, and the time domain resource of transmitted PDCCH is composed of two sets of symbols. Based on the definition of PDCCH candidate in Rel-15, duration of each PDCCH candidate can be 1 or 2 or 3 symbols. If each set contains more than 1 symbol, should we treat the transmitted PDCCH as 2 separate PDCCH candidates or one single PDCCH candidate? If one single PDCCH candidate is assumed, then the definition of PDCCH candidate in Rel-15/16 need to be modified. If two separate PDCCH candidates are assumed, the description in 38.214 that “UE may decode a DCI from a PDCCH candidate” needs to be revised as well. Considering the buffer requirement at UE and delay issue, the two sets of symbols should be configured in a single slot. Furthermore, there should have no gap between two sets of symbols if one PDCCH candidate is assumed. Considering the issues discussed above, from our perspective, inter-slot transmission with no repetition should not be supported.
For repetition and multi-chance cases, the duration of each PDCCH can occupy one or two or three symbols. With separate DCI in each PDCCH, intra-slot and inter-slot can be both supported with repetition and multi-chance approaches. Different monitoring symbols in same slot can be mapped to two TCI states for intra-slot case, and the same set of monitoring symbols in each slot for repetition/multi-chance transmission can be mapped to corresponding TCI state for inter-slot case. The details for the mapping mechanism between monitoring occasion and TCI states should be specified if one SS set is used.
Proposal 3:  For PDCCH enhancement, inter-slot TDM transmission without repetition is not supported.
FDM:
Based on the REG bundle size and different durations of CORESET specified in Rel-15/16, we list all candidate REG bundle number corresponding 1, 2, 3 and 6 REs per REG configured by RRC in Figure 1.
For no repetition, each TRP transmits a set of REG bundles or CCEs of the transmitted PDCCH. If configured aggregation level is one for the transmitted PDCCH, only one CCE is used. From Figure 1, two sets of REG bundles/CCEs are not supported in some configurations. Whether to consider granularity smaller than REG bundle or introduce limitation on aggregation level for no repetition of one PDCCH needs further study. 
For repetition and multi-chance, non-overlapping resource is used for each repetition. From frequency perspective, if one PDCCH candidate in SS set with different frequency offset is used or more than one PDCCH candidates in SS set(s) are used needs further study. If one PDCCH candidate with frequency offset is used, the boundary in frequency of CORESET should be considered. If more than one PDCCH candidates in SS set(s) are used, it is required  to avoid the overlapping in frequency resource no matter one CORESET or two CORESETs are used.
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Figure 1: REG bundle number per CCE with different OFDM symbol and REG bundle size
Observation 8: It is hard to support FDM for no repetition with aggregation level 1 under some REG bundle size and duration of  CORESET. .
SFN:
For SFN multiplexing scheme, multiple TRPs occupy same time and frequency domain resource, and PDCCH DMRS is associated with two TCI states in all REGs/CCEs of PDCCH. If UE is able to receive two beams from two TRPs simultaneously, SFN scheme can be supported from UE perspective. From gNB side, how to ensure same time and frequency domain resources between 2 SS sets needs further study for Alt2 and Alt3. For Alt.1, configuration of one CORESET with two TCI states to support SFN is also discussed in HST-SFN session. If it is agreed, it can be used as baseline for further evaluation.
Observation 9: How to ensure same time and frequency domain resource between 2 SS sets needs further study for Alt 2 and Alt 3.
Based on the discussion, minimizing spec impact on the framework of Rel-15/16 for PDCCH enhancement is expected. Considering two simultaneous Rx beam required for FDM and SFM scheme, we have the following proposal:
Proposal 4: Support one or more multiplexing schemes (TDM, FDM, SFN and combined scheme) based on the framework of Rel-15/16 as much as possible.
	-TDM has higher priority than FDM considering lower reception requirement.
	-FDM and SFN are workable only for advanced UE with two simultaneous RX beam in FR2
2.4 Discussion on sub options for Alt 1
Agreement
For Alt 1 (one CORESET with two active TCI states), study the following 
· Alt 1-1: One PDCCH candidate (in a given SS set) is associated with both TCI states of the CORESET.
· Alt 1-2: Two sets of PDCCH candidates (in a given SS set) are associated with the two TCI states of the CORESET, respectively 
· Alt 1-3: Two sets of PDCCH candidates are associated with two corresponding SS sets, where both SS sets are associated with the CORESET and each SS set is associated with only one TCI state of the CORESET 
· Note 1: A set of PDCCH candidates contain a single or multiple PDCCH candidates, and a PDCCH candidate in a set corresponds to a repetition or chance
· Note 2: How one or more PDCCH candidates are counted for monitoring (for BD limit) is FFS 
· The note is applicable also to other alternatives 

For Alt 1-1, linkage is not needed and less specification work is expected compared with Alt 1-2 and Alt 1-3. Like the discussion about configuration of SS set, SFN can be supported with Alt 1-1. Furthermore, dynamic switch between single TRP and multi-TRP can be supported with the activation of one or two TCI states through MAC-CE like the mechanism for PDSCH in Rel-16. Based on the design of Rel-15, only one set of PDCCH candidates is configured for each aggregation level and indexes of CCE for each PDCCH candidate depend on the whole PDCCH candidate number configured for corresponding aggregation level. When two sets of PDCCH candidates are associated with two TCI states of the CORESET, whether the indexes of CCE for each PDCCH candidate determined from hash function should be based on total PDCCH candidate number of two sets or one set of PDCCH candidate number per aggregation level needs to be specified. For Alt 1-3, two SS sets are associated with the CORESET and each SS set is associated with only one TCI state of the CORESET. From our view, first of all, if each SS set is associated with only one TCI state, the association is needed between SS set and TCI states. Therefore, considering the fact that more than two SS sets could be associated with the CORESET, the association between SS set is needed for indicating PDCCH repetition or multi-chance. Also, when two SS sets or two sets of PDCCH candidates are associated, PDCCH candidate number per set should be the same for PDCCH repetition or multi-chance.
Based on the discussion above, we have following proposal:
Proposal 5: Support Alt 1-1, i.e., one PDCCH candidate is associated with both TCI states of the CORESET.
2.5 Linkage between PDCCH candidates
Agreement
For Alt 1-2/1-3/2/3, study the following
· Case 1: Two (or more) PDCCH candidates are explicitly linked together (UE knows the linking before decoding) 
· FFS: How the explicit linkage is derived/determined by the UE
· Case 2: Two (or more) PDCCH candidates are not explicitly linked together (UE does not know the linking before decoding) 
· FFS: How the UE knows the linkage after decoding 

In RAN1#102-e, agreement on the linking between two or more PDCCH candidates are made for Alt 1-2/1-3/2/3. Two candidate cases are agreed for further discussion. If no linkage is preconfigured before decoding, it’s possible that UE can only correctly decode one PDCCH if another PDCCH scheduling the same transmission is blocked. As we know, PUCCH resource is determined from PRI in DCI and the index of a first CCE for PDCCH if more than 8 PUCCH resources are configured in PUCCH resource set.  When PUSCH is scheduled by PDCCH with no linkage, UE will obtain PUCCH resource allocation according to the correctly decode PDCCH resource. As a result, if two or more PDCCH candidates are scheduling the same PUSCH while some of the PDCCHs are not correctly decoded, UE may determine PUCCH resource depending on the correctly decoded PDCCH. In such case, different correctly decoded PDCCH leads to the uncertainty of PUCCH resource. Consequently, gNB needs to reserve all the possible PUCCH resource mapping from possible PDCCH for UE to transmit HARQ info. Furthermore, if linkage is indicated, more decoding options such as separate decoding or joint decoding can be chosen by UE according to UE capability.
Proposal 6: Support explicit linkage between PDCCH candidates if Alt 1-2/1-3/2/3 is agreed.
Enhancements on PUCCH
3.1 Spatial relation for PUCCH repetitions
Agreement
To enable TDMed PUCCH transmission with different beams, support configuring/activating of multiple PUCCH Spatial Relation Info. RAN1 shall further study the exact schemes considering the following aspects, 
· Method of configuration/activation of multiple spatial relation info
· Use of the same PUCCH resource or different PUCCH resource for PUCCH transmission 
· Mapping between PUCCH repetition/symbol and spatial relation info among multiple PUCCH repetitions / multiple PUCCH symbols.

To enable TDMed PUCCH transmission with different beams, the beam indication mechanism needs to be extended to support repetition transmission targeting M-TRP. In Rel-16, IE spatialRelationInfoToAddModList configures a set of the spatial relation between a reference RS and PUCCH. For each PUCCH, the spatial relation is activated by MAC-CE signaling. If multiple beam indications are needed to be applied to the same PUCCH, a straightforward method is to extend MAC-CE mechanism and support the indication of more than one spatial relation.
Proposal 7: Enhance MAC-CE to support the indication of multiple spatial relations for PUCCH.
3.2 Power control for PUCCH repetitions
Agreement
For multi-TRP PUCCH transmission, further investigate required power control enhancement. 

According to current spec, the open-loop parameters include pathloss reference RS and P0 set, and they are bundled with the spatial relation info by RRC. Once the spatial relation info is activated, the open-loop parameters are configured for the PUCCH. If multiple spatial relation info is activated by MAC-CE, different open-loop parameters are applied with the spatial relation info which can adapt to different channel conditions to different TRP.
The closed-loop parameter including the power adjustment is indicated by TPC command which occupies 2 bits in DCI. In Rel-16, the spatial relation info for PUCCH repetition is always the same, thus no association between TPC command and spatial relation is established.  Considering the different channels experienced for different TRPs, the enhancement for the TPC command per TRP is necessary. One option is to reuse one bit in DCI to indicate the TPC command of the targeting TRP. 
Proposal 8: Enhancement on TPC command can be considered to support power control per TRP.
3.3 PUCCH resource for repetition
Agreement
To enable TDMed PUCCH transmission with different beams, support configuring/activating of multiple PUCCH Spatial Relation Info. RAN1 shall further study the exact schemes considering the following aspects, 
· Method of configuration/activation of multiple spatial relation info
· Use of the same PUCCH resource or different PUCCH resource for PUCCH transmission 
· Mapping between PUCCH repetition/symbol and spatial relation info among multiple PUCCH repetitions / multiple PUCCH symbols.

To enable TDMed PUCCH transmission with different beams, two candidate options are proposed:
Option 1: Use of same PUCCH resource for TDMed PUCCH transmission.
Option 2: Use of different PUCCH resources for TDMed PUCCH transmission.
In Rel-15, inter-slot repetition for PUCCH is supported and same PUCCH resource is used during the repetition. If option 1 is agreed for PUCCH repetition, enhancement of multiple spatial relations is necessary which will not burden the specification works too much. Considering low latency requirement of multiple traffic which requires the PUCCH to be transmitted in a certain time period and the link between UE and TRP may be blocked, intra-slot repetition targeting multi TRP can be used to overcome such blockage. With a predefined/indicated offset between two consecutive repetitions, intra-slot repetition can still be supported when one PUCCH resource is indicated, 
Proposal 9: Support same PUCCH resource for PUCCH repetition.
3.4 Indication of the number and type of PUCCH repetition 
Agreement
For configuration/indication of the number of PUCCH repetitions, RAN1 shall further study the following,  
· Alt.1: Use Rel-15 like framework
· Alt.2: Dynamic indication of the number of PUCCH repetitions 
Agreement 
Support TDMed PUCCH scheme(s) to improve reliability and robustness for PUCCH using multi-TRP and/or multi-panel. Study the following alternatives,
· Alt.1: supporting both inter-slot repetition and intra-slot repetition / intra-slot beam hopping.
· Alt.2: supporting only inter-slot repetition
· Note1: It is not precluded to study the use of multiple PUCCH resources to repeat the same UCI in both inter-slot repetition and intra-slot repetition.  
· Note2: The alternatives are clarified as below,
· inter-slot repetition: One PUCCH resource carries UCI , another one or more PUCCH resources or the same PUCCH resource in another one or more slots carries a repetition of the UCI .
· intra-slot repetition: One PUCCH resource carries UCI , another one or more PUCCH resources or the same PUCCH resource in another one or more sub-slots carries a repetition of the UCI 
· intra-slot beam hopping: UCI is transmitted in one PUCCH resource in which different sets of symbols have different beams

PUCCH format 1, 3 and 4 can be configured with nrofSlots to support repetitions of PUCCH transmission. There is no such configuration for PUCCH format 0 and format 2. If PUCCH carries ACK/NACK cannot be received by gNB due to channel blocking, the PUSCH needs to be retransmitted. This will result in the loss of performance especially for low-latency traffic. So, the repetition based on multi-TRP for PUCCH can reduce the performance loss. The PUCCH resource carrying ACK/NACK is indicated by PRI field in PDCCH, dynamic indication of PUCCH repetitions can be supported with a new field in DCI. As we know, PUCCH resources are preconfigured for periodic and semi-persistent CSI and SR through RRC configuration. Also, the transmission occasion is periodic for such UCIs, even one of the CSI or SR is blocked due to channel condition, the periodic transmission and repetition mechanisms as in Rel-15 can be adopted to cope with the loss of CSI and SRI.
For low latency requirement of URLLC traffic type, the latency of ACK/NACK carried by PUCCH should also be considered. Due to the limit on the length of PUCCH format 0 and PUCCH format 2, intra-slot repetition can be considered for TDM-based PUCCH enhancements.
Proposal 10: Support dynamic indication of repetition number for ACK/NACK and reuse Rel-15 like framework for CSI and SR.
Proposal 11: Support inter-slot and intra-slot repetition for TDM-based PUCCH enhancements.
Enhancements on PUSCH
4.1 Single-DCI and multi-DCI for PUSCH enhancements
Agreement 
For M-TRP PUSCH reliability enhancement, support single DCI based PUSCH transmission/repetition scheme(s). 
· Further study multi-DCI based PUSCH transmission/repetition scheme(s) to identify potential gains and required enhancements. 
· Note: This agreement does not reflect any prioritization of single DCI based PUSCH transmission/repetition over multi-DCI based PUSCH transmission/repetition. Ran1 can further discuss that in the next meeting.  

For M-TRP PUSCH reliability enhancement, single DCI based PUSCH transmission/repetition scheme is agreed. Due to different channel conditions, separate PRB resource and MCS may be indicated to UE for each TRP for better performance. If different PRB and MCS are indicated by a single DCI, then new design for DCI is required. As an alternative, some companies proposed that multi-DCI based PUSCH transmission can be introduced. It’s possible that one of the multiple DCIs is unable to be correctly decoded. As a result, some of the PUSCH repetitions will not be received correctly which will result in the degradation of reliability for PUSCH transmission. To ensure the reliable transmission, a conservative mechanism with lower coding rate can be a good choice. This can be achieved by decreasing MCS and allocating more time and frequency resources to cope with the different channel conditions for different TRPs.
Proposal 12: Support single DCI based PUSCH transmission/repetition for M-TRP PUSCH reliability enhancement.
4.2 Codebook and non-codebook based PUSCH enhancements
Agreement
To support single DCI based M-TRP PUSCH repetition scheme(s), up to two beams are supported. RAN1 shall further study the details considering, 
1. Codebook based and non-codebook based PUSCH  
1. Enhancements on SRI/TPMI/power control parameters/any other 
Note1: Companies are encouraged to provide additional details on how above enhancements are applied to different PUSCH repetitions (e.g. mapping between PUSCH repetitions and beams)
Note2: Studying enhancements/aspects related to TA is not precluded.

Codebook based and non-codebook based PUSCH are supported since Rel-15. For PUSCH enhancement based on multi-TRP, both codebook based and non-codebook transmission schemes should be supported. In Rel-15 and Rel-16, one SRS resource is indicated by the SRI field in DCI and one spatial relation is configured per SRS resource for codebook based PUSCH. To support two beams for codebook based PUSCH, enhancement can be considered to introduce another SRI field in DCI. For different channels to different TRP, different TPMI and different power control parameters are needed. Similar to the enhancement for SRI, the mechanism indicating multiple TPMIs corresponding to different TRPs in DCI can be investigated. For power control parameters, UE determines the value for P0 and alpha and pathloss reference RS between the mapping from sri-PUSCH-PowerControlId and SRI field in DCI and power control adjustment from TPC command in DCI. Two sets of power control parameters should be supported for two TRPs. For non-codebook based PUSCH, enhancements on SRI and power control parameters should also be investigated.
Proposal 13: Support enhancements of SRI/power control parameters for non-codebook and codebook based PUSCH transmissions with M-TRP.
4.3 Repetition pattern for PUSCH 
In Rel-16, cyclic mapping and sequential mapping patterns are specified for PDSCH enhancement based on multi-TRP. From our view, cyclic mapping pattern requires UE to switch beam for each repetition which increases the complexity for UE. Besides the above two mapping patterns, half-half pattern is proposed for beams mapping as well. However, from our view, we cannot see the benefit compared with the other two mapping patterns. For example, the repetition number can be configured to 16 at most, then the first 8 repetition will be transmitted by one beam, the second 8 repetitions will be transmitted by another beam with half-half pattern. If the first beam is blocked during all the 8 repetition, then the delay for such PUSCH will be increased and the system performance will degrade. Furthermore, supporting one more pattern leads to higher UE complexity.
For PUSCH repetition type B, frequency hopping is specified in Rel-16. Both inter-PUSCH hopping and inter-slot hopping are supported. Inter-PUSCH hopping applied based on nominal repetitions can ensure better diversity for each hop have even length. Also, frequent beam switching can be avoided if beams are mapped to nominal repetition and to different slots. 
[bookmark: _Hlk47297073]Proposal 14: Support sequential mapping pattern for PUSCH repetition.
Proposal 15: For Type B, beams can be mapped to nominal repetitions and to different slots.
Conclusions
In this contribution, we present our views on design of enhancements on multi-TRP for PDCCH, PUCCH and PUSCH. The following proposals were made based on the discussion above: 
Proposal 1: Support one CORESET with two active TCI states for PDCCH enhancement based multi-TRP.
Proposal 2: Repetition(option 2) is preferred for non-SFN based mTRP PDCCH reliability enhancement.
Proposal 3:  For PDCCH enhancement, inter-slot TDM transmission without repetition is not supported.
Proposal 4: Support one or more multiplexing schemes (TDM, FDM, SFN and combined scheme) based on the framework of Rel-15/16 as much as possible.
	-TDM has higher priority than FDM considering lower reception requirement.
	-FDM and SFN are workable only for advanced UE with two simultaneous RX beam in FR2
Proposal 5: Support Alt 1-1, i.e., one PDCCH candidate is associated with both TCI states of the CORESET.
Proposal 6: Support explicit linkage between PDCCH candidates if Alt 1-2/1-3/2/3 is agreed.
Proposal 7: Enhance MAC-CE to support the indication of multiple spatial relations for PUCCH.
Proposal 8: Enhancement on TPC command can be considered to support power control per TRP.
Proposal 9: Support same PUCCH resource for PUCCH repetition.
Proposal 10: Support dynamic indication of repetition number for ACK/NACK and reuse Rel-15 like framework for CSI and SR.
Proposal 11: Support inter-slot and intra-slot repetition for TDM-based PUCCH enhancements.
Proposal 12: Support single DCI based PUSCH transmission/repetition for M-TRP PUSCH reliability enhancement.
Proposal 13: Support enhancements of SRI/TPMI/power control parameters for non-codebook and codebook based PUSCH transmissions with M-TRP.
Proposal 14: Support sequential mapping pattern for PUSCH repetition.
Proposal 15: For Type B, beams can be mapped to nominal repetitions and to different slots.
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