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Introduction
Rel-16 eMIMO introduced enhancements for multi-TRP transmission of PDSCH. Rel-17 FeMIMO WI will extend the multi-TRP support to PDCCH, PUCCH and PUSCH [1].
	· Extend specification support in the following areas [RAN1]
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 


Discussion
2.1 PDCCH
In RAN1#102-e, the following was agreed.
	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.
 
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.

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.

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 

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#103-e, the following was further agreed.
	Agreement
For PDCCH reliability enhancements, support SFN scheme + Alt 1-1.
· FFS: TCI state activation for CORESET, impact on default beam, BFD resource for BFR

Agreement
For PDCCH reliability enhancements with non-SFN schemes, support at least Option 2 + Case 1.
· Maximum number of linked PDCCH candidates is two
· FFS: Details including how the two PDCCH candidates are counted toward the BD limits and impact on overbooking, if any
· Down-select at least one Alt from Alts 1-2 / 1-3 / 2 / 3
· FFS: Linking options such as a fixed rule based on the same PDCCH candidate index, based on start CCE, based on configuration, etc. 
· FFS: additional restriction to facilitate soft combining 
· FFS: implicit PUCCH resource determination for >8 PUCCH resources in the resource set, scheduling offset for “timeDurationForQCL”, Out-of-order / in-order definition for PDCCH-to-PDSCH and PDCCH-to-PUSCH, DAI for Type-2 codebook, Slot offset  for scheduling the same PDSCH/PUSCH/CSI-RS/SRS, rate matching PDSCH around the scheduling DCI.
· FFS: whether and how to support for DCI format 2_x

Working Assumption
For PDCCH reliability enhancements with non-SFN schemes and Option 2 + Case 1, support Alt3 (two SS sets associated with corresponding CORESETs).

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).
Agreement
When DL DCI is transmitted via PDCCH repetition (Option2 + Case 1), for PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight: 
· Alt 1: Ensure same start CCE index (based on linking options) and the same number of CCEs in the two CORESETs (based on CORESET configuration restriction)
· Alt 2: Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied
· FFS:  Which one of the linked PDCCH candidates is used.
· Alt 3: It is up to the UE to determine the PUCCH resource based on the starting CCE index and number of CCEs in the CORESET of any of the two linked PDCCH candidates
· Other alternatives are not precluded.



It was agreed to support SFN transmission of a PDCCH candidate using both TCI states of the corresponding CORESET, where the two TCI states may correspond to two different TRPs. This means that the two TRPs transmit the same PDCCH on the same antenna port and REs.
Rel-15/16 supports the activation of a single TCI state per CORESET using a MAC CE. The details of how to activate two TCI states for a CORESET using a MAC CE can be left to RAN2.
Proposal 1: It is up to RAN2 to decide how to activate two TCI states for a CORESET using MAC CE.
In various cases, the TCI state (i.e. default beam) for receiving the PDSCH follows the activated TCI state of a CORESET. Since a CORESET may have two activated TCI states in Rel-17, the default beam or beams in such cases needs to be clarified. At least the following cases are of interest, assuming QCL typeD has been configured.
· The TCI field is not present in the DCI, the time offset is greater than or equal to the threshold, and the corresponding CORESET has two activated TCI states:
· The UE is configured with multi-TRP PDSCH, i.e. FDM scheme A, FDM scheme B, TDM scheme A, TDM scheme B.
· The UE is not configured with multi-TRP PDSCH, but could potentially received multi-TRP SFN (scheme 1a) transmission of PDSCH.
· The time offset is smaller than the threshold and the CORESET with lowest Id in the latest monitored slot has two activated TCI states.
· The UE is not configured with enableTwoDefaultTCI-States.
· The UE is configured with enableTwoDefaultTCI-States but TCI codepoints have not been activated, i.e. the TCI field is not present in the DCI.
Proposal 2: Default beam(s) is defined at least for the following cases.:
· The TCI field is not present in the DCI, the time offset is greater than or equal to the threshold, and the corresponding CORESET has two activated TCI states:
· The UE is configured with multi-TRP PDSCH, i.e. FDM scheme A, FDM scheme B, TDM scheme A, TDM scheme B.
· The UE is not configured with multi-TRP PDSCH, but could potentially received multi-TRP SFN (scheme 1a) transmission of PDSCH.
· The time offset is smaller than the threshold and the CORESET with lowest Id in the latest monitored slot has two activated TCI states.
· The UE is not configured with enableTwoDefaultTCI-States.
· The UE is configured with enableTwoDefaultTCI-States but TCI codepoints have not been activated, i.e. the TCI field is not present in the DCI.
It was agreed that PDCCH candidates in two PDCCH occasions that correspond to two different CORESETs and search space sets can be explicitly linked to facilitate soft combining of a repeated DCI. Note that in this case, there is just one activated TCI state per CORESET.
First, the PDCCH occasions need to be linked. Since a CORESET can be associated with multiple search space sets, it seems most natural to link two search space sets, where the two search spaces sets may be associated with different CORESETs with different TCI states.
Proposal 3: Two search space sets can be linked by configuration, where the search space sets can be associated with different CORESETs and TRPs. 
Each search space set can have multiple occasions within a slot, and DCI repetition across multiple slots may be considered. Therefore, the number of DCI repetitions may need to be configurable. However, even though DCI repetition across many slots may provide additional time diversity, it also increases latency. Therefore, DCI repetition may be limited to K consecutive slots, where K=1 could be a starting point for discussion. However, repetition across PDCCH candidates within a monitoring occasion of a CORESET should not be supported.
Proposal 4: The number of DCI repetitions across the two linked search space sets within K consecutive slots is configurable. Repetition within a monitoring occasion of a CORESET is not supported.
If repetition across monitoring occasions is configured, the UE still needs to know which PDCCH candidades in the different monitoring occasions that the could be soft combined. The PDCCH candidates for an aggregation level in a monitoring occasion are indexed from 0 to M-1. A simple way to link PDCCH candidates of the same aggregation level in different monitoring occasions is to support repetition across PDCCH candidates with the same index.
Proposal 5: PDCCH can be repeated across candidates with the same PDCCH candidate index.
Regarding PUCCH resource determination for HARQ-Ack when the corresponding PUCCH resource set has a size larger than eight, it seems simple and sufficient to apply starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates.
Proposal 6: Support Alt 2: Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied.

2.2 PUCCH
In RAN1#102-e, the following was agreed.
	Agreement 
To improve reliability and robustness for PUCCH using multi-TRP and/or multi-panel, consider all PUCCH formats. 

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.

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 
For multi-TRP PUCCH transmission, further investigate required power control enhancement.

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


In RAN1#103-e, the following was further agreed.
	Agreement
For multi-TRP PUCCH transmission schemes.  
· Support multi-TRP inter-slot repetition (Scheme 1)
· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more slots carries a repetition of the UCI. 
· FFS: Number of repetitions
· Further study the support (one or both) of the following schemes
· Multi-TRP intra-slot beam hopping (Scheme 2)
· UCI is transmitted in one PUCCH resource in which different sets of symbols within the PUCCH resource have different beams.
· FFS: More than 2 beam hopping instances per PUCCH resource.
· Multi-TRP intra-slot repetition (Scheme 3)
· One PUCCH resource carries UCI, another PUCCH resource or the same PUCCH resource in another one or more sub-slots within a slot carries a repetition of the UCI. 
· Note1: whether to support two PUCCH resources or the same PUCCH resource with different beams for Scheme 1 and 3 to be discussed separately. 

Agreement
For multi-TRP PUCCH transmission schemes,
· For Scheme 1, at least PUCCH format 1/3/4 can be used. 
· FFS: Support of PUCCH format 0/2 for Scheme 1 
· FFS: Support of PUCCH formats for Scheme 2 and/or Scheme 3 (if schemes are agreed).  

Agreement
For PUCCH multi-TRP enhancements in FR2, 
· Support separate power control parameters for different TRP via associating power control parameters via PUCCH spatial relation info. 
· Note: No spec impact.
· For per TRP closed-loop power control for PUCCH, further study the following alternatives considering TPC command when the “closedLoopIndex” values associated with the two PUCCH spatial relation info’s are not the same.  
· Option.1: A single TPC field is used in DCI formats 1_1 / 1_2, and the TPC value applied for both PUCCH beams
· Option.2: A single TPC field is used in DCI formats 1_1 / 1_2, and the TPC value applied for one of two PUCCH beams at a slot. The TPC value may be applied for the other PUCCH beam at an another slot.
· Option 3: A second TPC field is added in DCI formats 1_1 / 1_2.
· Option 4: A single TPC field is used in DCI formats 1_1 / 1_2, and indicates two TPC values applied to two PUCCH beams, respectively.
· FFS: Transition period for beam / power / frequency change. 
· FFS: Required power control enhancements for FR1

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.  

Agreement
For multi-TRP TDM-ed PUCCH transmission schemes, 
· Support the use of a single PUCCH resource 
· Up to two spatial relation info’s can be activated per PUCCH resource via MAC CE
· FFS: Required enhancements for FR1
FFS: Use of multiple PUCCH resources.  

Agreement
For PUCCH multi-TRP enhancements in FR1,
· Support separate power control for different TRP.
· FFS: how to define the association between PUCCH and TRP.
· FFS: required enhancements.  

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.



It was agreed to support multi-TRP PUCCH transmission based on the Rel-15/16 inter-slot repetition scheme, i.e. Scheme 1. Even though this scheme has less specification impact than Scheme 2 and Scheme 3, there are still several issues to resolve for multi-TRP PUCCH such as per TRP power control, not to mention the many issues for multi-TRP PDCCH and PUSCH. Therefore, we propose to finalize Scheme 1 before potentially starting work on Scheme 2 or 3. Similarly, the discussion of several other additions can wait until the completion of the basic Scheme 1, such as the support of format 0/2 for Scheme 1, dynamic indication of the number of repetitions, and repetition across multiple PUCCH resources. 
Proposal 7: The basic Scheme 1 is finalized before the following additions are discussed: format 0/2 for Scheme 1, dynamic indication of repetitions, and repetitions across multiple PUCCH resources.
Power control is important for PUCCH performance. If the dynamics of per-TRP closed loop power control is worse than for single-TRP, some of the multi-TRP gains may be lost. Therefore, we support a duplication of the Rel-15/16 closed loop power control for the second TRP, i.e. a second TPC field is added in DCI formats 1_1 / 1_2.
Proposal 8: Support Option 3: A second TPC field is added in DCI formats 1_1 / 1_2.

2.3 PUSCH
In RAN1#102-e, the following was agreed.
	Agreement 
Further study M-TRP CG PUSCH reliability enhancements in Rel-17. 

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.  

Agreement 
For single DCI based M-TRP PUSCH reliability enhancement, support TDMed PUSCH repetition scheme(s) based on Rel-16 PUSCH repetition Type A and Type B.
· Further study PUSCH transmission without repetition as a potential candidate M-TRP PUSCH scheme

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.

Agreement
On the mapping between PUSCH repetitions and beams in single DCI based multi-TRP PUSCH repetition Type A and Type B, further study the following, 
· For both PUSCH repetition Type A and B, how the beams are mapped to different PUSCH repetitions (or slots/frequency hops),
· Alt.1: cyclical mapping pattern (the first and second beam are applied to the first and second PUSCH repetition, respectively, and the same beam mapping pattern continues to the remaining PUSCH repetitions). 
· Alt.2: sequential mapping pattern (the first beam is applied to the first and second PUSCH repetitions, and the second beam is applied to the third and fourth PUSCH repetitions, and the same beam mapping pattern continues to the remaining PUSCH repetitions). 
· Alt.3: Half-Half pattern (the first beam is applied to the first half of PUSCH repetitions, and the second beam is applied to the second half of PUSCH repetitions) 
· Alt.34: Other variants (e.g. configurable mapping patterns)
· Note1: For PUSCH repetition type B, the variants considering slot level beam mapping with the same mapping principals (replacing repetition with slot) in Alt.1/2/3 are also included. 
· Note2: For PUSCH repetition type A and B with frequency hopping, the variants considering frequency hop level beam mapping with the same mapping principals (replacing repetition with frequency hop) in Alt.1/2/3 can also be studied further. Final selection of such schemes also depends on the number of beams allowed per PUSCH repetition. 
· For PUSCH repetition Type B, which repetition type that the beams shall consider for the mapping,
· Alt.1: beams are mapped to the nominal repetitions
· Alt.2: beams are mapped to the actual repetitions
· Alt.3: beams are mapped to different slots (not in the granularity of actual/nominal repetition)
· Alt.4: Other variants
· Consider additional requirements on switching gap(s) between two PUSCH repetitions towards different TRPs considering beam switching latency aspects.
· Note: use of the above solutions to multi-DCI based PUSCH repetition and TDMed PUSCH transmission without repetition (when there are agreed to support) is not precluded. 



In RAN1#103-e, the following was further agreed.
	Agreement
For single DCI based M-TRP PUSCH repetition schemes, support codebook based PUSCH transmission with following enhancements. 
· Support the indication of two SRIs. 
· Alt1: Bit field of SRI shall be enhanced. 
· Alt2: No changes on SRI field 
· Support the indication of two TPMIs. 
· The same number of layers are applied for both TPMIs if two TPMIs are indicated
· The number of SRS ports between two TRPs should be same.
· FFS: Details on indicating two TPMIs (e.g, one TPMI field or two TPMI fields)
· Increase the maximum number of SRS resource sets to two
· FFS: configuration details of each SRS resource set (e.g., number of SRS resources in a resource set)

Agreement
For single DCI based M-TRP PUSCH repetition schemes, support non-codebook based PUSCH transmission with following considerations. 
· Increase the maximum number of SRS resource sets to two, and associated CSI-RS resource can be configured per SRS resource set. 
· FFS: Enhancements on SRI field in DCI to indicate the two beams for repetitions 

Agreement
For single DCI based M-TRP PUSCH repetition Type B, at least nominal repetitions are used to map beams 
· Further study details and applicability of each mapping method
· Further study the slot based beam mapping in the cases of nominal repetition across slot boundaries

Agreement
For PUSCH multi-TRP enhancements, 
· For per TRP closed-loop power control for PUSCH, further study the following alternatives when the “closedLoopIndex” values are different.  
· Option.1: A single TPC field is used in DCI formats 0_1 / 0_2, and the TPC value applied for both PUSCH beams
· Option.2: A single TPC field is used in DCI formats 0_1 / 0_2, and the TPC value applied for one of two PUSCH beams at a slot. 
· Option 3: A second TPC field is added in DCI formats 0_1 / 0_2.
· Option 4: A single TPC field is used in DCI formats 0_1 / 0_2, and indicates two TPC values applied to two PUSCH beams, respectively.
· FFS: Transition period for beam / power / frequency change.

Agreement
Support both type 1 and type 2 CG PUSCH transmission towards MTRP. Further study the following alternatives, 
· Alt.1 : single CG configuration 
· Repetitions of a TB transmitted towards MTPR on multiple PUSCH transmission occasions of single CG configuration.
· At least for codebook-based CG PUSCH, support configuring 2 SRIs/TPMIs. 
· Alt.2 : multiple CG configurations 
· Repetitions of a TB transmitted towards MTRP on more than one PUSCH transmission occasions, where one or more transmission occasions are from one CG configuration and another one or more PUSCH transmission occasions are from another CG configuration.
· 1 SRI/TPMI is configured/indicated for each CG configuration.
· Further study required beam mapping principals, low overhead mechanisms for beam selection, and other enhancements for Alt.1 and Alt.2.  

Agreement
For M-TRP PUSCH reliability enhancement, further discuss multi-DCI based PUSCH transmission/repetition scheme(s) considering the following aspects.  
· The same TB is repeated towards multiple TRPs with different beams, where one or more PUSCH repetitions are scheduled by one DCI and another one or more PUSCH repetitions are scheduled by another DCI. 
· FFS: Details related to timeline restrictions and beam mapping  
· Changes on Rel-15/16 MCS, TBS determination, and UL resource allocation are not expected from this scheme.
· The scheme is considered to be supported only if there are gains over single DCI based PUSCH repetition schemes and a similar scheme is not supported by m-TRP PDCCH (e.g. Option 3). 
Companies are encouraged to provide simulation results to decide the support of the scheme in next RAN1 meetings
The support of multi-DCI based PUSCH transmission/repetition scheme(s) in Rel-17 will be decided in RAN1#104-e

Agreement
For single DCI based PUSCH multi-TRP enhancements, support the following RV mapping for PUSCH repetition Type A,
· DCI indicates the first RV for the first PUSCH repetition, and the RV pattern (0 2 3 1) is applied separately to PUSCH repetitions of different TRPs with a possibility of configuring RV offset for the starting RV for the second TRP (The same method as PDSCH scheme 4)
· FFS: Reuse of the same method for PUSCH repetition Type B.

Agreement
For single DCI based M-TRP PUSCH repetition Type A and B, further study required enhancements on PTRS-DMRS association.

Working Assumption
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) 
· Companies are encouraged to provide further simulation results to decide details.   



For codebook based multi-TRP PUSCH transmission scheduled by a single DCI, two SRS resource sets with usage codebook will be supported. In Rel-15/16, there may be up to two SRS resources in such a set, except for full power mode 2, which can allow up to 4 SRS resources in an SRS resource set with usage codebook. For Rel-17, a reasonable trade-off would be to support up to 2 SRS resources in each of the two resource sets, i.e. up to 4 SRS resources combined across the two resources sets.
Proposal 9: Support up to two SRS resources in each of the two SRS resource sets with usage codebook.
The SRI field in the DCI indicates which SRS resource, i.e. which beam, to apply for the PUSCH transmission. In the case of multi-TRP PUSCH, the SRI field needs to be enhanced to support selection of one SRS resource or two SRS resources (one from each SRS resource set). 
Proposal 10: Support Alt1: Bit field of SRI shall be enhanced. One or two SRS resources from the two SRS resource sets can be indicated.
If two SRS resources are indicated also two TPMIs need to be indicated, since the best TPMI is typically uncorrelated between TRPs. The second TPMI field can be fewer bits since the number of layers is constrained.
Proposal 11: Support a second TPMI field with fewer bits since the number of layers is given by the first TPMI.
For non-codebook based multi-TRP PUSCH scheduled by a single DCI, two SRS resource sets with usage non-codebook will be supported. In Rel-15/16, there may be up to four single-port SRS resources in such a set, which allows for 4-layer PUSCH in eMBB. For multi-TRP PUSCH in Rel-17 which targets reliability, it would be reasonable to support two single-port SRS resources in each of the two SRS resource sets, i.e. up to 2-port PUSCH would be supported.
Proposal 12: Support up to two SRS resources in each of the two SRS resource sets with usage non-codebook.
With the limitation above, there is no need to enhance the SRI field in the DCI for the non-codebook case.
Regarding per-TRP closed loop power control, it is important to maintain the power control dynamics of Rel-15/16 PUSCH. Also, it is beneficial to be able to control the power independently for different TRPs. Therefore, the addition of a second power control field to the DCI seems to be beneficial. 
Proposal 13: Support Option 3: A second TPC field is added in DCI formats 0_1 / 0_2.
Conclusion
In this contribution, we considered aspects of multi-TRP PDCCH/PUCCH/PUSCH enhancement. We have the following proposals: 
Proposal 1: It is up to RAN2 to decide how to activate two TCI states for a CORESET using MAC CE.
Proposal 2: Default beam(s) is defined at least for the following cases.:
· The TCI field is not present in the DCI, the time offset is greater than or equal to the threshold, and the corresponding CORESET has two activated TCI states:
· The UE is configured with multi-TRP PDSCH, i.e. FDM scheme A, FDM scheme B, TDM scheme A, TDM scheme B.
· The UE is not configured with multi-TRP PDSCH, but could potentially received multi-TRP SFN (scheme 1a) transmission of PDSCH.
· The time offset is smaller than the threshold and the CORESET with lowest Id in the latest monitored slot has two activated TCI states.
· The UE is not configured with enableTwoDefaultTCI-States.
· The UE is configured with enableTwoDefaultTCI-States but TCI codepoints have not been activated, i.e. the TCI field is not present in the DCI.
Proposal 3: Two search space sets can be linked by configuration, where the search space sets can be associated with different CORESETs and TRPs. 
Proposal 4: The number of DCI repetitions across the two linked search space sets within K consecutive slots is configurable. Repetition within a monitoring occasion of a CORESET is not supported.
Proposal 5: PDCCH can be repeated across candidates with the same PDCCH candidate index.
Proposal 6: Support Alt 2: Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied.
Proposal 7: The basic Scheme 1 is finalized before the following additions are discussed: format 0/2 for Scheme 1, dynamic indication of repetitions, and repetitions across multiple PUCCH resources.
Proposal 8: Support Option 3: A second TPC field is added in DCI formats 1_1 / 1_2.
Proposal 9: Support up to two SRS resources in each of the two SRS resource sets with usage codebook.
Proposal 10: Support Alt1: Bit field of SRI shall be enhanced. One or two SRS resources from the two SRS resource sets can be indicated.
Proposal 11: Support a second TPMI field with fewer bits since the number of layers is given by the first TPMI.
Proposal 12: Support up to two SRS resources in each of the two SRS resource sets with usage non-codebook.
Proposal 13: Support Option 3: A second TPC field is added in DCI formats 0_1 / 0_2.
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