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1.   Introduction
[bookmark: _Hlk492027000]The Rel-17 work item for enhancements on MIMO for NR includes an objective to extend specification support for enhancements on multi-TRP/panel transmission. In RAN #86, the objectives were agreed to read as follows [1]:
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 
b. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
c. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
d. Enhancement to support HST-SFN deployment scenario:
i. Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
ii. Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework

In this contribution, we focus on the first objective, which is to improve reliability and robustness for channels PDCCH, PUCCH, and PUSCH. 
2.    Discussion
In the next sub-sections, we discuss details related to multi-TRP and multi-panel based reliability enhancement related to PDCCH, PUCCH, and PUSCH. 
2.1 	PDCCH enhancements with multi-TRP
RAN1#103-e, the following agreements/working assumption/conclusion related to M-TRP PDCCH reliability enhancements were finalized: 
	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 
· [bookmark: _Hlk61335960]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).












	Conclusion
Group-common DCI formats (DCI formats 2_x) are not precluded for multi-TRP PDCCH reliability enhancements and can be discussed with a lower priority compared to UE-specific DCI formats.
Note: Enhancements required for DCI formats 2_x, if any, can be discussed case-by-case.



	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.




2.1.1 	Inter-slot and intra-slot repetition 
In RAN1 #103-e meeting, there was a discussion on supporting PDCCH repetition for both intra and inter-slot scenarios. This discussion is also relating to the next level of details that RAN1 shall agree on how the linking is done for PDCCH candidates, BD limits, deriving timing information and several other discussions. 
From flexibility perspective, PDCCH repetition shall support both intra and inter-slot repetition modes. Also, it should be understood that having PDCCH repetitions within a slot by different TRPs is not always feasible as sending a second PDCCH via another TRP requires very tight coordination between TRPs. 
For low latency PDSCH scheduling via PDCCH repetition, intra-slot PDCCH repetition may be useful if the DCIs scheduling PDSCH take place in the same slot. However, the URLLC services have different latency requirements, and latency is not counted only by the PDCCH reception, the actual data transmissions may be transmitted in one or more slots after the PDCCH. In such instances, inter-slot repetition mode can be supported, and latency would not be impacted. Furthermore, if there are certain complexities on the soft combining of PDCCHs received at different slots, the UE may avoid doing soft-combining but gain from the selective PDCCH decoding, which is decoding candidates separately. Therefore, we think that there are reliability benefits when supporting the inter-slot repetition mode. 
Proposal 1: Confirm the working assumption on supporting Option 2 + Case 1 + Alt3 (two SS sets associated with corresponding CORESETs) and support this scheme for both intra-slot and inter-slot scenarios. 

2.1.2 	Linking of PDCCH candidates
RAN1 #103-e agreement has a further study point on “Linking options such as a fixed rule based on the same PDCCH candidate index, based on start CCE, based on configuration, etc.”, and the following discussion is to identify possible approaches that can be used for linking. 

To keep the gNB’s PDCCH allocation flexibility, the linking of PDCCH candidates (used for repetition of the same DCI) of different search space sets (as RAN1 agreed to support Alt.3) should allow linked PDCCHs to be transmitted using different PDCCH candidate indices (at least with the same AL, FFS among different ALs) and different start CCEs. Thus, the configuration based linking option is preferred where RRC level configuration shall be used to link two different search space sets (SSSets) to link PDCCH candidates of the SSSets. The UE may then combine (e.g. soft or selection combining) PDCCH candidates of the associated SSSets in different CORESETs.

Proposal 2: Higher layer configuration shall link PDCCH candidates of the two search space sets. 

Once the SSSets are linked, the UE needs to determine “first” and “second” PDCCH candidates identifying which PDCCH candidates may carry the same control information (and which the UE may combine e.g. with selection or soft combining, where combining is among PDCCH candidates of different search space sets). Such a determination of “first” and “second” PDCCH candidates may be essential as it requires for solving most of the FFS points mentioned in the first agreement, which we further explain in later sub-sections. In order to categorize PDCCH candidates associated in the DCI repetition, the following options can be considered:
· [bookmark: _Hlk61728009]SSSet ID based (or CORESET ID): the UE determines the “first” set of PDCCH candidates being the ones with the lower SSSet ID, and correspondingly the “second” set of PDCCH candidates being the ones with the higher SSSet ID.
· Slot based: the UE determines the order (i.e. the first and second) from the slot number that could be calculated e.g. mod(slot_number, 2) == 0. This can be mainly applicable to the inter-slot repetition case. 
· Sub-slot based: the UE applies similar operation as for slot-based but on a sub-slot level in this case. Specifically, the UE determines the order (i.e. the ‘first’ and ‘second’) from the sub-slot number by using e.g. mod(subslot_number, 2) == 0 or mod(subslot_number, 2) == 1. This can be applicable for intra-slot sub-slot based repetition case.
· Frequency mapping order: If the CORESETs have the same starting symbol, the UE determines the “first” / “second” set of PDCCH candidates being the ones having the starting PRB or starting CCE (or, alternatively, CCE with the lowest index) mapped first (or second) in the frequency domain, with the lower SSSet ID, and correspondingly the “second” set of PDCCH candidates being the ones with the higher SSSet ID.

Proposal 3: The UE shall determine which set of PDCCH candidates represent the “first” PDCCH and which set of PDCCH candidates represent the “second” PDCCH of the linked PDCCH candidates.

2.1.3 	PDCCH blind decoding limits

PDCCH processing capabilities of the UE are limited depending on the SCS, primarily to enable low processing latencies, with up to, e.g., 44 blind decodes and 56 CCEs for channel estimation per slot in case of 15	KHz SCS. In general, the gNB can configure a number of BDs/CCEs per slot that exceeds the UE processing limits, and the impact of overbooking can be controlled through PDCCH repetition. Based on RAN1 #103-e meeting agreement, further discussion on BD counts towards the BD limit is required for PDCCH repetition scenario. As the number of repetitions agreed to be two, there is a limited set of assumptions to be taken into account. 
· Assumption 1: As the UE only decodes the combined candidate, the BD limit could count only one candidate for repeated PDCCH. However, this may have certain performance impacts if the blockage probabilities are high and the UE does not apply any filtering of received LLRs prior decoding.   
· Assumption 2: The UE decodes individual PDCCH candidates, not the combined version. There will only be selection gain, but that is not high as soft combining gain. There should be one BD count for the inter-slot scenario, while intra-slot scenario count should be two. 
· Assumption 3: UE decodes the first PDCCH candidate and the combined candidate. This is more suitable for the inter-slot repetition scenario where the BD can be counted once. For the intra-slot scenario, there should be two BD counts. There may be instances that UE can avoid decoding the combined candidate if the first decoding is successful. 
· Assumption 4: Here, the UE decodes each PDCCH candidate individually, and also decodes the combined candidate, which shall count BD three times for the intra-slot PDCCH repetition. For the inter-slot repetition, the second slot may have two BD counts. Performance-wise, this would get superior performance compared to the rest (considering both intra and inter-slot repetitions). 

In summary, the UE shall report the BD count consideration (for example, 1, 2, 3 BDs per PDCCH repetition) based on its decoding assumption should be reported as a UE capability. This could be separately reported for intra-slot and inter-slot repetition modes as well. 
Proposal 4: For both inter-slot and intra-slot PDCCH repetition BD limits, BD count for PDCCH repetition shall be based on the UE capability reporting. 

2.1.4 	Remaining issues of PDCCH repetitions 
In RAN1 #103-e meeting, there were several FFS items that were listed, which were mainly due to the presence of two PDCCHs scheduling the same thing. These FFS items can be easily resolved by UE knowing the “first’ and “second” PDCCH carrying the same DCI. 
Out-of-order/in-order definition: To determine in-order mapping between PDCCH to PDSCH, UE determines the order for the scheduled PDSCH orders based on the time occasion of the determined “first” set of PDCCH candidates. 
 
Proposal 5: To determine out-of-order / in-order definition in PDCCH repetition, the “first” PDCCH shall be used. The “second” PDCCH does not impact on the existing definitions of the out-of-order/in-order definitions. 

DAI operation for DL DCI for Type-2 HARQ-Ack codebook: Counter DAI shall be incremented based on the number of DCIs send to the UE such that HARQ-ACK codebook can be constructed correctly. As there are two PDCCHs for the same DCI in PDCCH repetition case, it would make sense to count only one for the DAI. However, we shall define which one to be used in the cDAI and tDAI counting. There seems to be no difference in using either “first” or “second” PDCCH. 
Proposal 6: DAI operation in PDCCH repetition, DAI counting may refer only the “first” PDCCH. 

Slot offset for scheduling the same PDSCH/PUSCH/CSI-RS/SRS: If we are to use the existing definitions of scheduling offsets, it is required to define the time from the last DCI received at the UE, and based on our definitions before, the “second” PDCCH shall be the last PDCCH in many TDMed assumptions. 
Scheduling offset for “timeDurationForQCL”: Similar to scheduling offset for PDSCH and other channels, the “second” PDCCH would be needed. 
Proposal 7: For deriving time offset for “timeDurationForQCL” and scheduling PDSCH/PUSCH/CSI-RS/SRS in PDCCH repetition, use the “second” PDCCH. 

Rate matching PDSCH around the scheduling DCI: As UE receives both PDCCHs from the network, the network has to rate match PDSCH considering both “first” and “second” PDCCHs. 
Proposal 8: When the PDSCH symbols are overlapping with PDCCH, rate match PDSCH around “first” and/or “second” PDCCH depending on which one(s) are having overlapping symbols with PDSCH.

HARQ-ACK PUCCH resource determination for >8 PUCCH resources: RAN1 #103-e made an agreement in the last meeting by listing several alternatives. Considering we would need something like “first” and “second” PDCCH candidates, Alt.2 (Starting CCE index and number of CCEs in the CORESET of one of the linked PDCCH candidates is applied) shall be the best possible solution. On “FFS: Which one of the linked PDCCH candidates is used”, we think that either ‘first” or “second” PDCCH would work, maybe using “first” PDCCH should be fine. 

Proposal 9: For PUCCH resource determination for HARQ-ACK when the corresponding PUCCH resource set has a size larger than eight, starting CCE index and number of CCEs in the CORESET of “first” PDCCH candidates is applied. 

2.2 	PUCCH enhancements with multi-TRP
[bookmark: _Hlk60428627]2.2.1 	PUCCH schemes, Formats, Beam switching and number of repetitions
2.2.1.1 Beam mapping and switching gaps 
For multi-TRP PUCCH enhancements, the beam mapping aspect has been discussed and the following working assumption was made in RAN1#103-e:

	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.



Under this working assumption, the mapping pattern, either cyclical or sequential mapping, could be configured via RRC for scheme 1. There is one FFS point regarding the applicability of the mapping patterns for different beam switching gaps. In this regard, an LS (R1-2009807) has been sent to RAN4 to get some clarifications on the requirements for beam switching gaps for multi-TRP UL repetition/transmission. Specifically, one main question in this LS is on the ranges of the transient period(s) between two PUCCH/PUSCH TDMed repetitions (with different UL beams).

Therefore, RAN1 cannot really confirm the working assumption and further discuss the related FFS points, be it for scheme 1 or even other schemes, before RAN4’s reply to the LS regarding the range of beam switching gaps.

Proposal 10: For the multi-TRP PUCCH repetition, wait for RAN4’s reply to the LS regarding the range of beam switching gaps before discussing further the aspect on beam mapping applicability.

2.2.1.2 Multi-TRP PUCCH schemes
In RAN1#103-e, the following agreements were made regarding the multi-TRP PUCCH repetition/transmission schemes:
	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).



First, in our view there is no need to support both scheme 2 (i.e. multi-TRP PUCCH intra-slot beam hopping) and scheme 3 (i.e. multi-TRP PUCCH intra-slot repetition) as both schemes could achieve the similar objective at least from latency reduction perspective. Compared to scheme 2, scheme 3 is more natural as it would be similar to scheme 1 (i.e. multi-TRP PUCCH inter-slot repetition) but applied on a sub-slot level. In addition, in RAN1#103-e discussions, a majority of companies showed preference towards scheme 3 compared to scheme 2. Furthermore, a large majority of companies are supporting intra-slot repetition in Rel-17 eURLLC WI (where the focus is on a single TRP case), and scheme 3 would potentially be an extension of the PUCCH intra-slot repetition design of eURLLC. Based on the above discussions, we propose: 
Proposal 11: Support the multi-TRP PUCCH intra-slot repetition scheme.  
Proposal 12: Do not consider further the multi-TRP PUCCH intra-slot beam hopping scheme. 

2.2.1.3 PUCCH formats and the indication of the number of repetitions
Based on the outcome of RAN#90-e, the following conclusion was reached regarding the handling of overlapped objective of ‘PUCCH repetition’ between different working groups (RP-202872): 

	· For handling of the PUCCH repetitions it is proposed to proceed as follows:
 RAN1 to continue discussion on PUCCH repetition, whether to specify or not, in the IIoT/URLLC WI for single TRP.
 PUCCH repetition issues with multi-TRP to be handled in Fe-MIMO WI.



In RAN1 feMIMO M-TRP discussion, the above RAN agreement/conclusion allows for independent decisions on whether to support all PUCCH formats and on whether to use a dynamic indication of the number of repetitions. If a given feature is supported in multiple WIs, having a unified design could be discussed later. 

In RAN1 #103-e meeting, the following agreement was made on the support of the different PUCCH formats. 

	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).  



For PUCCH scheme 1, there is an open item to see the need of supporting M-TRP PUCCH slot based repetition also considering formats 0 and 2. We see that there will be some performance gain if the UCI repeated on a slot level towards different TRPs to overcome the blockage. Such gain could be seen in Figure 1 where some performance evaluations of scheme 1 (with formats 0 and 2) are provided comparing single-TRP and multi-TRP inter-slot repetition operations; the main adopted simulation assumptions are given in the Appendix.

[image: ]
Figure 1: Inter-slot repetition with short PUCCH formats. 


Proposal 13: For multi-TRP PUCCH scheme 1, support of PUCCH formats 0 and 2. 

Next, we further check the performance of PUCCH scheme 3, considering short PUCCH formats. There are performance gains visible for the M-TRP PUCCH intra-slot repetition compared to the single TRP mode which suffers from the blocking issue. Such gains could be seen in Figure 2 where some performance evaluations of scheme 3 (with formats 0 and 2) are provided comparing single-TRP and multi-TRP intra-slot repetition operations; the main adopted simulation assumptions are given in the Appendix.
 
[image: ]
Figure 2: Intra-slot repetition with short PUCCH formats. 

[bookmark: _Hlk60306266]Proposal 14: For multi-TRP PUCCH scheme 3 (intra-slot repetition), support PUCCH formats 0 and 2. 
On the issue of indication of the number of PUCCH repetitions, the following was agreed in RAN1#103-e: 
	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.  



Allowing dynamic indication via DCI of the number of PUCCH repetitions could bring some benefits as it essentially allows to dynamically adapt the number of repetitions for a given UCI transmission depending on the quality of the links towards the TRPs, and also depending on whether the UCI content is critical or not. This basically results in better flexibility and resource efficiency compared to the Rel-15 operation where PUCCH repetition number is configured via RRC and per PUCCH format (specifically for formats 1, 2 and 3). In our view, this feature should be only supported for the cases where the UCI has a corresponding PDCCH, i.e. essentially for HARQ-ACK corresponding to PDSCH scheduled by a PDCCH, where the number of PUCCH repetitions would be indicated through this PDCCH.

Proposal 15: Support dynamic indication of PUCCH repetition number for multi-TRP PUCCH repetition operation. 

[bookmark: _Hlk60339484]2.2.2 	Multi-TRP PUCCH power control
[bookmark: _Hlk60339789]2.2.2.1 PUCCH power control enhancements in FR2
On multi-TRP PUCCH power control in FR2, the following was agreed in RAN1#103-e:
	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



[bookmark: _Hlk60421785]Currently, only one TPC command could be indicated in a UE-specific PDCCH, but this does not allow the network to separately adapt the TPC command for the different beams/TRPs. It is thus reasonable/beneficial to allow the network to have different TPC commands for transmissions/repetitions on different beams so that power control could be fully tuned/controlled differently for different beams/TRPs. Looking at the four related options listed in the above agreement, the following could be observed:
· Option 1 doesn’t offer any flexibility to separately adapt the TPC command for the different beams/TRPs since a single TPC command is indicated under this option; thus, the same TPC value would be applied for both beams/TRPs.
· The benefits of Option 2, if any, are not clear compared to the other options. 
· Option 3 offers full flexibility since a second TPC field is added to DCI (formats 1_1 and 1_2), allowing to indicate a second TPC value. Hence, two TPC values can be indicated, each of which for a different beam/TRP. 
· For the same TPC command field size (of 2 bits), Option 4 is less flexible than Option 3 since the TPC field would need to be used as a codepoint indicating two TPC values and only four pairs of TPC values could be configured in this case. In addition, for Option 4, the relation between the indication in the TPC field and the corresponding pairs of TPC values would also need to be introduced.  
Based on the above observations, we propose the following:

Proposal 16: For the indication of two TPC commands via UE-specific PDCCH for multi-TRP PUCCH repetition operation, support option 3, i.e., a second TPC field is added in DCI formats 1_1 / 1_2.

2.2.2.2 PUCCH power control enhancements in FR1
In RAN1#103-e, the support of separate power control for different TRPs was also agreed for multi-TRP PUCCH repetition in FR1, as can be seen from the following agreement:
	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



This would allow to perform power control separately for PUCCH repetitions towards different TRPs, which is important as the characteristics of a link may greatly differ from one TRP to another also in FR1. However, in contrast to FR2, the at least partial support of separate PUCCH power control for different TRPs in FR1 is not possible based on the current specifications. Actually, in FR2 there is PUCCH spatial relation info (PUCCH-SpatialRelationInfo) provided/configured, and the following PUCCH power control parameters are provided as part of the spatial relation info: p0-PUCCH-Id, closedLoopIndex, and pucch-PathlossReferenceRS-Id. However, typically there is no spatial relation info provided/configured in FR1, and thus it should be discussed how the PUCCH power control would be separately enabled for different TRPs and how the related power control parameters would be provided in this case. It’s worth noting that, based on the existing specifications (TS 38.213), if the UE is not provided PUCCH spatial relation info, the UE obtains the p0-PUCCH value from the P0-PUCCH with p0-PUCCH-Id value equal to the minimum p0-PUCCH-Id value in p0-Set. And there is a single closedLoopIndex (index 0) in this case. Looking at the above, it’s clear that multi-TRP PUCCH schemes require enhancements in FR1. 

Observation 1: The existing procedures do not allow the network to separately adapt the PUCCH power control parameters for the different beams/TRPs for multi-TRP PUCCH schemes in FR1. 

To enable the support of separate power control for different TRPs for multi-TRP PUCCH schemes in FR1, one potential option would be to have a PUCCH resource linked to two subsets of PUCCH power control parameters – where the subset power control parameters could e.g. contain: p0-PUCCH-Id, closedLoopIndex, and pucch-PathlossReferenceRS-Id. In this way, the network could separately adapt these parameters for the different beams/TRPs. Further, for the indication of two TPC commands via UE-specific PDCCH for multi-TRP PUCCH repetition operation, the same operation that would be agreed for FR2 could essentially be also used for FR1.

Proposal 17: To enable the support of separate power control for different TRPs for multi-TRP PUCCH schemes in FR1, a PUCCH resource is linked to two subsets of PUCCH power control parameters.
· FFS the related indication and configuration.

2.2.2.3 Pathlosses determination when UE is not provided pathloss reference RSs
The pathloss reference RS (reference signal), i.e. pathlossReferenceRS, is used to calculate the pathloss value for PUCCH power control – as described in TS 38.213. When the UE is not provided pathlossReferenceRSs, the existing procedures allow the UE to determine a single RS resource to be used for the calculation of pathloss value for PUCCH power control, where this is designed for the single TRP case. 

Considering the support of multi-TRP PUCCH repetition/transmission in Rel-17 feMIMO, where there would be two TRPs towards which the UE is repeating/transmitting the PUCCH, determining a single RS resource is not sufficient anymore to support separate power control. Specifically, if not provided pathlossReferenceRSs, the UE would need to determine two RS resources to be used for the calculation of two pathloss values to accommodate the presence of two different TRPs/links that could have a significant difference in their respective pathloss. 

Based on the above observations, it should be defined how to enable the UE, in case not provided pathlossReferenceRSs, to determine two RS resources for the calculation of two different pathloss values for multi-TRP PUCCH schemes. In our view, such determination would depend on the TRP scheme in downlink (e.g. multi-TRP or single-TRP) and would be based on TCI state or QCL assumption of at least one CORESET and/or TCI states of PDSCH.

Proposal 18: For multi-TRP PUCCH schemes, if the UE is not provided pathlossReferenceRSs, define how to enable the UE to determine two RS resources needed to calculate two pathloss values for PUCCH power control.

Proposal 19: For multi-TRP PUCCH schemes, if the UE is not provided pathlossReferenceRSs, consider the following aspects/parameters for the determination of two RS resources needed for the calculation of two pathloss values: the TRP scheme in downlink, the TCI state or QCL assumption of at least one CORESET and/or the TCI states of PDSCH.

2.2.3 Switching between single-TRP and multi-TRP PUCCH schemes
For critical services such as URLLC, it is beneficial to use multi-TRP PUCCH schemes so that reliability/robustness is guaranteed – by relying on beam diversity. For example, it is possible to repeat the same UCI towards multiple TRPs such that network can overcome blockage scenarios. However, in certain instances of time and/or for some less-critical services, the network may prefer to receive UCI repetition towards the same TRP. To allow such flexibility, the support of dynamic switching between different repetition modes (or transmission modes) is required. Clearly, this observation is valid for both FR1 and FR2.  
Proposal 20: Support dynamic switching between multi-TRP PUCCH schemes and single-TRP PUCCH scheme in both FR1 and FR2.
· FFS the details of such switching.

2.3 	PUSCH enhancements with multi-TRP
2.3.1 	SRIs and TPMIs indications
In RAN1#103-e, for multi-TRP PUSCH repetition schemes, the following was agreed regarding SRI, SRS resource sets, and TPMI: 
	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 



2.3.1.1 On indicating two SRIs
As can be seen from the above agreements, for the support of multi-TRP PUSCH repetition, it was agreed that up to two SRS resource sets could be configured for each of the codebook-based and non-codebook-based UL modes. In this way, each SRS resource set would correspond to one TRP. 
To achieve fully flexibility in selecting SRS resources, separate SRI fields/subfields would be needed, each of which used to indicate the SRI corresponding to one TRP. In general, this requires increasing the number of bits in DCI, for indicating two SRIs. In the existing specifications, up to 2 and 4 bits are needed for the SRI indication in case of codebook-based mode and non-codebook-based mode, respectively.

For the codebook-based mode: 

In the extreme cases, up to 4 bits (i.e. 2 + 2 bits) would thus be required for the indication of two SRIs. This number should be more seen as an upper bound, and clearly the network could operate with a reduced number of configured SRS resources in the SRS resource sets, leading to a reduced number of bits needed for the indication of two SRIs. For instance, taking the current specifications as a reference (TS 38.212): 
· If each of the two SRS resource sets is configured with two SRS resources, only 2 bits are needed for the indication of two SRIs. 
· On the other hand, if one SRS resource set is configured with two SRS resources and the other SRS resource set is configured with a single SRS resource, then only 1 bit is needed.

[bookmark: _Hlk60565497]Observation 2: For multi-TRP PUSCH repetition with codebook-based mode, up to 4 bits would be required to indicate two SRIs. The network could operate with a reduced number of configured SRS resources in the two SRS resource sets, leading to a reduced number of bits needed for the indication of two SRIs.

For the non-codebook-based mode: 

First, it’s worth recalling that, under this UL mode, the UE determines its precoder and number of layers (i.e. transmission rank) based on downlink measurements. However, the UE selection of a precoder, and thus number of layers, for each scheduled PUSCH may be modified by the network (in case multiple SRS resources are configured), basically by indicating via SRI field in DCI scheduling PUSCH a subset of the configured SRS resources. For multi-TRP PUSCH repetition with the non-codebook-based mode, in contrast to the codebook-based mode, it has not been decided yet whether the same number of layers should be applied for all the repetitions. However, as PUSCH repetition uses the same MCS, resource allocation, and other assumptions related to TBS determination, it should be assumed that the same number of layers is used across repetitions of the same TB. 

Observation 3: For multi-TRP PUSCH repetition with non-codebook-based mode, the number of layers shall be the same across repetitions towards different TRPs.

[bookmark: _Hlk60565286]When the same number of layers is used/restricted across PUSCH repetitions towards different TRPs, there is a need to indicate (i) SRI for one TRP, which also provides the information on the number of layers, and (ii) a second SRI, restricted to the subset of SRS resources combinations with the same number of layers as the first SRI. Thus, in the extreme case, up to 6 bits (i.e. 4 + 2 bits) would be then required for the indication of two SRIs. Actually, the 2 additional bits correspond to indicating one combination from the largest subset of SRS resources combinations based on the current specifications; as can be seen in TS 38.212, the largest subset contains 6 combinations of two SRS resources. The network could operate with a reduced number of configured SRS resources in the SRS resource sets and/or maximum rank (i.e. maximum number of layers), leading to a further reduced number of bits needed for the indication of two SRIs.
Observation 4: For multi-TRP PUSCH repetition with non-codebook-based mode, the network could operate with a reduced number of configured SRS resources in the SRS resource sets and/or maximum rank, leading to a reduced number of bits needed for the indication of two SRIs.

Proposal 21: For single-DCI multi-TRP PUSCH repetition operation, indicate two SRIs separately by extending the SRI field (when needed) for both codebook-based and non-codebook-based UL modes.

2.3.1.2 On indicating two TPMIs
The discussion here is only relevant for the codebook-based UL mode. For the precoding information and number of layers (including TPMI), since it was agreed in RAN1#103-e (see agreements quoted above) that the same number of layers should be applied for both TPMIs (if two TPMIs are indicated), then there is a need to indicate: (i) the TPMI and number of layers for one TRP, and (ii) the TPMI for the other TRP. Based on the current specifications (TS 38.212), the ‘precoding information and number of layers’ field size can be up to 6 bits. And indicating a second TPMI for a same number of layers would require up to 5 bits – where a size of 5 bits corresponds e.g. to a case with 1 layer and TPMI range 0-27. Obviously, this number of bits corresponds to a specific/extreme setting(s), and there are other settings where a smaller number of bits (2, 3 or 4 bits) would be needed for the indication of a second TPMI.
Generally speaking, if there is a need to reduce the number of additional bits needed to indicate a second TPMI or even to indicate both TPMIs: 
· One option would be to allow the network to omit/discard some of the TPMI entries by configuration.
· Another option is to restrict the use of multi-TRP PUSCH scheme to some specific settings depending on at least one of the following: enabling/disabling of Transform Precoding, maximum Rank, and ul-FullPowerTransmission-r16 if configured and its corresponding mode. 

Proposal 22: For single-DCI multi-TRP PUSCH repetition with codebook-based mode, indicate two TPMIs by extending the ‘precoding information and number of layers’ field.
· FFS whether/how to reduce the number of bits needed to indicate two TPMIs. 

2.3.2 	Beam mapping and impact of beam switching gaps 
2.3.2.1 Applicability of beam mapping patterns
For multi-TRP PUSCH enhancements, the beam mapping aspect has been discussed and the following agreement and working assumption were made in RAN1#103-e:

	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



	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.   



Under both the agreement and the working assumption, and in a similar way as the multi-TRP PUCCH schemes, there are FFS points regarding the applicability of the mapping patterns, mainly considering different beam switching gaps. In this regard, an LS (R1-2009807) has been sent to RAN4 to get some clarifications on the requirements for beam switching gaps for multi-TRP UL repetition/transmission. Specifically, one main question in this LS is on the ranges of the transient period(s) between two PUSCH/PUCCH TDMed repetitions (with different UL beams). Therefore, RAN1 cannot really further discuss the open points on the beam mapping aspect before RAN4’s reply to the LS.

Proposal 23: For the multi-TRP PUSCH repetition, wait for RAN4’s reply to the LS regarding the range of beam switching gaps before discussing further the aspects on beam mapping applicability.

2.3.2.2 Beam mapping pattern indication
Although the above working assumption alludes to configuring a single beam mapping pattern at a time regardless of the PUSCH resource allocation, in our view the network must account for the number of PUSCH repetitions and resource allocation when selecting the beam mapping pattern. This is particularly relevant when considering PUSCH repetition Type B since, in contrast to PUSCH repetition Type A (i.e. Rel-15 inter-slot PUSCH repetition), the corresponding PUSCH time-domain allocation can be flexible. Configuring different mapping patterns for different PUSCH allocations gives the network better flexibility and control of several aspects. Specifically:
· It allows the network to have good control over the number of PUSCH repetitions / which PUSCH repetitions are transmitted towards each TRP. 
· It also gives the network the possibility to choose, depending on the PUSCH allocation, a mapping pattern that leads e.g. to the minimum muting of symbols needed for beam switching gap (if such is eventually needed); otherwise, the PUSCH reliability may be impacted.   

Proposal 24: For beam mapping pattern for multi-TRP PUSCH repetition, support configuring more than one beam mapping patterns and selecting a pattern via DCI. 
· FFS the details of how to indicate a pattern via DCI. 

2.3.3 	Multi-TRP PUSCH power control
For multi-TRP PUSCH power control, the following was agreed in RAN1#103-e:
	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.



The above agreement and options are related to the ones for multi-TRP PUCCH power, and similar discussions and observations on the different options as for PUCCH could also be provided here. In short, compared to other options, Option 3 offers full flexibility since a second TPC field is added to DCI (formats 0_1 and 0_2), allowing to indicate a second TPC value; and having such flexibility is preferable to allow separately adapting the TPC command for the different beams/TRPs. Thus, we propose: 

Proposal 25: For the indication of two TPC commands via UE-specific PDCCH for multi-TRP PUSCH repetition operation, a second TPC field is added in DCI formats 0_1 / 0_2.

2.3.4 PTRS-DMRS association for multi-TRP PUSCH repetition
In RAN1#103-e, the following was agreed regarding the PTRS-DMRS association for multi-TRP PUSCH repetition:
	Agreement
For single DCI based M-TRP PUSCH repetition Type A and B, further study required enhancements on PTRS-DMRS association.



For uplink, one or two PT-RS port(s) can be scheduled based on the UE capability. Two PT-RS ports can be used for non/partial-coherent UL transmission. If a UE has reported the capability of supporting full-coherent UL transmission, the UE shall expect the number of UL PT-RS ports to be configured as one if UL PTRS is configured.

For non-codebook-based UL transmission, the actual number of transmitted UL PT-RS port(s) is determined based on SRS resource indicators (SRIs). And a UE is configured with the PT-RS port index for each configured SRS resource via higher layer. If the PT-RS port index associated with different SRIs are the same, the corresponding UL DM-RS ports are associated to the one UL PT-RS port. For partial-coherent and non-coherent codebook-based UL transmission, the actual number of UL PT-RS port(s) is determined based on TPMI and/or TRI in DCI.
For signaling the PTRS-DMRS association, 2-bit DCI parameter in DCI is used to indicate the DM-RS port to be associated with a PTRS port. When a single PT-RS port is used, DCI indicates one of four antenna ports, and the DM-RS port mapped to the indicated antenna port is associated with PTRS port. When two PT-RS ports are used, MSB and LSB of DCI field indicate one of antenna ports for PT-RS port 0 and 1.
When considering multi-TRP PUSCH repetition with rank 3 or rank 4, reusing the existing operation of PTRS-DMRS association would require increasing the PTRS-DMRS association DCI field from 2-bit to 4-bit, i.e. 2-bit association indication for each of the TRPs; and this regardless of whether one or two PTRS ports are used per TRP. However, this option clearly results in increasing the downlink control overhead. Another option is to only use 2-bit DCI field for the indication of the PTRS-DMRS association for both TRPs, i.e. 1-bit indication is used and interpreted in such a way to indicate the association for each TRP. Although it would not offer full flexibility, however with this latter option there is no need to increase the PTRS-DMRS association DCI field size.    
Proposal 26: For multi-TRP PUSCH repetition, to indicate the PTRS-DMRS association via DCI, down-select between the following options:
· Option 1: keep the PTRS-DMRS association field size to 2 bits and use each bit for indicating the association per TRP. FFS the details on the interpretation of each bit.
· Option 2: increase the PTRS-DMRS association field size to 4 bits, and use the existing procedure for indicating the association per TRP.   

2.3.5 	Switching between multi-TRP and single-TRP PUSCH schemes
In a similar way to PUCCH, for critical services such as URLLC, it is beneficial to use multi-TRP PUSCH operation so that reliability/robustness is guaranteed – by relying on beam diversity. For example, it is possible to repeat the same TB towards multiple TRPs such that the network can overcome blockage scenarios. However, in certain instances of time and/or for some less-critical services, the network may prefer to receive the TB towards the same TRP. To allow such flexibility, the support of dynamic switching between different PUSCH repetition modes (or transmission modes), i.e. single-TRP and multi-TRP, is required.
Proposal 27: Support dynamic switching between multi-TRP PUSCH scheme and single-TRP PUSCH scheme.
· FFS the details of such switching.

[bookmark: _Hlk528168953]2.3.6 	Multi-TRP configured grant PUSCH repetition 
2.3.6.1 Multi-TRP CG PUSCH repetition with multiple CG configurations 
The support of multi-TRP configured-grant (CG) PUSCH operation was agreed in RAN1#103-e for both configured-grant Type 1 and Type 2, as captured in the following agreement:
	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.  



As can be seen from the above agreement, the following two alternatives have been on the table for discussion:
· Alt.1: a single CG configuration is used for the multi-TRP PUSCH repetition operation. 
· Alt.2: at least two CG configurations are used for the multi-TRP PUSCH repetition operation.

First, it should be noted that there has not been any agreement/conclusion yet on whether to support only one of these two alternatives or both alternatives. In any case, compared to Alt.1, Alt.2 provides full flexibility since essentially two different CG configurations could be used for the same multi-TRP PUSCH repetition operation where each configuration would be configured/indicated with different transmission parameters – such as time and frequency allocations, MCS, power control parameters etc. The allocations of the PUSCH repetitions transmitted using these different configurations towards different TRPs could thus be tuned differently under Alt.2, allowing to accommodate two different links/channels, each corresponding to a TRP, which may have huge difference in their respective characteristics/quality. 
The support of Alt.2 requires discussing and specifying enhancements on the existing CG PUSCH procedures (which is basically designed for single-TRP case), so that multi-TRP CG PUSCH repetition operation would be enabled essentially using two (or more than two) CG configurations. Specifically, an important aspect in that regard is how to associate or link at least two CG configurations and/or two HARQ processes in such a way that they are used for repeating the same TB towards two different TRPs (or, equivalently, using different UL beams). Specifically, for achieving such linkage/association, we mainly foresee the following alternatives:
· Alt.2-1: Explicit linkage/association of at least two configured-grant configurations. Specifically, two CG configurations are explicitly associated together via RRC.
· Alt.2-2: Implicit linkage/association of at least two configured-grant configurations. Specifically, at least two CG configurations are allowed to share at least one HARQ process (in a similar way to NR-U). That is, two or more CG configurations could be implicitly deemed as associated/coupled if they share at least one HARQ process.
· Alt.2-3: Linkage/association of at least two HARQ processes. Specifically, at least two HARQ processes are associated together via RRC, which forms a set of associated HARQ PIDs. These HARQ processes would potentially be pertained to different CG configurations.
Looking at the above alternatives, Alt.2-2 allows multiple CG configurations to share the same HARQ process in a similar way to NR-U. However, the operation and UE behavior (MAC/PHY behavior) would be different for multi-TRP PUSCH operation compared to the NR-U operation. On the other hand, since with Alt.2-3 the HARQ processes used for the multi-TRP PUSCH operation would be pertained to different CG configurations, then Alt.2-3 is somewhat identical to Alt.2-1 (under which there is explicit association of CG configurations).
Based on the above observations and discussions, we propose the following:
Proposal 28: For the multi-TRP CG PUSCH repetition, support using (at least) two CG configurations used for the transmission of the same TB. 
Proposal 29: To enable the multi-TRP CG PUSCH repetition operation, down-select among the following alternatives:
· Alt.2-1: Explicit association of at least two configured-grant configurations
· Alt.2-2: Implicit association of at least two configured-grant configurations
· Alt.2-3: Association of at least two HARQ processes

2.3.6.2 Beam selection enhancement for multi-TRP CG PUSCH
Another open point in the above agreement on multi-TRP CG PUSCH is on studying low overhead mechanisms for beam selection.
For CG PUSCH, in Rel-15 NR the UE is either configured (RRC) or signaled (RRC + DCI) the UL TX beam that it then uses for CG PUSCH transmission(s). To reduce latency in beam switch for CG PUSCH, gNB may use Type 2 CG PUSCH and change the TX beam using SRI field signaled through new UL grant to the UE. However, during UE’s inactivity, the TX and RX beam pair may become blocked or outdated, e.g. due to UE’s movement and/or rotation. With the current procedures, the problem can be solved by sufficiently frequent beam-pair link measurements and reporting and, when needed, re-determining and signaling the CG PUSCH parameters to the UE. However, this may greatly increase the overhead and UE power consumption, particularly in case of a rapidly changing environment.  

Based on the above discussion, the following can be noted: 
· CG PUSCH provides low latency only if the UE has beam pair links already “in shape” when data arrives to buffer – also when UE has been inactive for a while. During the inactivity, UE may move or be blocked by the movement of other items causing a change in the suitable beam pair links, especially in the case of multi-TRP deployment. However, active maintenance of beam pair links requires frequent periodic measurements and reporting, creating unnecessary large overhead.
· It would be desirable that UE with CG PUSCH resource(s) can be as inactive as possible when it does not have data to transmit. This would save the network and UE battery from overhead.

Therefore, it would make sense to study and seek for a low overhead mechanism for the beam selection for multi-TRP CG PUSCH. That could potentially include e.g. UE’s autonomous selection and an indication of the UL TX beam for the coming CG PUSCH transmission(s). That would potentially require providing the UE with multiple CG PUSCH resources, each associated with a TX and RX beam pair in UL.
Proposal 30: For TX beam selection for multi-TRP CG PUSCH, consider UE’s autonomous selection and indication of the UL TX beam.

2.3.7 	Accounting for beam switching gaps in case of multi-TRP PUSCH repetition 
In this section, we discuss how to account for beam switching gaps for multi-TRP PUSCH repetition operation under the assumption that such switching gaps would be required at least in some cases/scenarios. It should be noted that the decision on whether such gaps are needed or not will essentially depend on the RAN4 reply to the LS in R1-2009807 – which has been sent to RAN4 to get some clarifications on the requirements for beam switching gaps for multi-TRP UL repetition/transmission.
 
For PUSCH repetition Type B, some of the actual PUSCH repetitions may be consecutive with zero time-gap in-between. Moreover, there are other actual repetitions where there is a time-gap in-between resulting essentially from PUSCH segmentation around semi-static DL symbols and invalid UL symbols (if feasible) and at the slot boundary. Considering the support of beam diversity (with two UL beams) for PUSCH, there will be cases where two consecutive PUSCH (Type B) repetitions are associated with different UL beams. However, depending on the PUSCH allocation, the beam mapping to PUSCH repetitions, and the time needed to switch from one beam to another, there will potentially be cases where the time gap between two repetitions is not enough for UL beam switching. This could be problematic as the UE would not have enough time to switch beams in some cases. Note that beam switching delay may depend on whether the concerned beams are from the same or different panels, and whether the panels are both already active or one needs to be activated. 

The issue described above is due to the fact that the time allocation of the existing PUSCH repetition operation(s), particularly PUSCH repetition Type B, does not account for beam switching delays. However, this issue needs to be addressed in order to enable PUSCH repetition along with beam diversity. One possible solution would be to configure or define the UE behaviors that allow updating actual PUSCH repetitions by muting some symbols if needed so that the required beam switching gap(s) is created to allow for beam switching. 

Obviously, the above discussion assumes that the UE and the network have a common understanding regarding the time gap/offset needed to switch from one UL beam to another. Such information could be signaled from the UE to the network, i.e. UE provides the network with its beam switching capability.

Based on the above observations, it should be discussed further how to enable UL beam diversity for multi-TRP PUSCH repetition operation, taking into account the beam switching gap(s).

Proposal 31: Consider the impact of beam switching gap(s) on actual PUSCH repetitions when the multi-TRP PUSCH type B repetition is applied. 
· FFS: Required UE behavior when applying required switching gap(s) on actual PUSCH repetition(s).

2.3.8 M-DCI based multi-TRP PUSCH repetition operation
All the previous discussions on multi-TRP PUSCH repetition operation have been mainly focusing on the single-DCI mode. For the multi-DCI mode, the following was agreed in RAN1#103-e:
	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



Based on the above agreement and the related RAN1 discussions, it is clear that a decision on whether to support the multi-DCI based multi-TRP PUSCH repetition operation will potentially be taken in the next RAN1 meeting (i.e. RAN1#104-e). In our view, the multi-DCI based multi-TRP PUSCH repetition could be supported mainly for the following reasons:
· In the early phases of multi-TRP deployment/implementation, it is expected that the multi-DCI mode to be the main use case. Actually, in contrast to single-DCI, multi-DCI mode would not necessarily require an ‘ideal’ backhaul. 
· In addition, the support of multi-DCI based multi-TRP PUSCH repetition operation doesn’t seem to require much specification efforts – as can be noticed e.g. from the above agreement. Specifically, two PDCCHs/DCIs are used for separately scheduling the PUSCH repetitions towards different TRPs / using different UL beams.  

Proposal 32: Support multi-DCI based multi-TRP PUSCH repetition scheme.

3. Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we discuss first sub-objective of the multi-TRP/panel transmission. The following observations and proposals are made.
PDCCH enhancements
Proposal 1: Confirm the working assumption on supporting Option 2 + Case 1 + Alt3 (two SS sets associated with corresponding CORESETs) and support this scheme for both intra-slot and inter-slot scenarios. 
Proposal 2: Higher layer configuration shall link PDCCH candidates of the two search space sets. 

Proposal 3: The UE shall determine which set of PDCCH candidates represent the “first” PDCCH and which set of PDCCH candidates represent the “second” PDCCH of the linked PDCCH candidates. 

Proposal 4: For both inter-slot and intra-slot PDCCH repetition BD limits, BD count for PDCCH repetition shall be based on the UE capability reporting. 

Proposal 5: To determine out-of-order / in-order definition in PDCCH repetition, the “first” PDCCH shall be used. The “second” PDCCH does not impact on the existing definitions of the out-of-order/in-order definitions. 

Proposal 6: DAI operation in PDCCH repetition, DAI counting may refer only the “first” PDCCH. 

Proposal 7: For deriving time offset for “timeDurationForQCL” and scheduling PDSCH/PUSCH/CSI-RS/SRS in PDCCH repetition, use the “second” PDCCH. 

Proposal 8: When the PDSCH symbols are overlapping with PDCCH, rate match PDSCH around “first” and/or “second” PDCCH depending on which one(s) are having overlapping symbols with PDSCH.

Proposal 9: For PUCCH resource determination for HARQ-ACK when the corresponding PUCCH resource set has a size larger than eight, starting CCE index and number of CCEs in the CORESET of “first” PDCCH candidates is applied. 

PUCCH enhancements
Proposal 10: For the multi-TRP PUCCH repetition, wait for RAN4’s reply to the LS regarding the range of beam switching gaps before discussing further the aspect on beam mapping applicability. 

Proposal 11: Support the multi-TRP PUCCH intra-slot repetition scheme.  

Proposal 12: Do not consider further the multi-TRP PUCCH intra-slot beam hopping scheme. 

Proposal 13: For multi-TRP PUCCH scheme 1, support of PUCCH formats 0 and 2. 

Proposal 14: For multi-TRP PUCCH scheme 3 (intra-slot repetition), support PUCCH formats 0 and 2. 

Proposal 15: Support dynamic indication of PUCCH repetition number for multi-TRP PUCCH repetition operation. 

Proposal 16: For the indication of two TPC commands via UE-specific PDCCH for multi-TRP PUCCH repetition operation, support option 3, i.e., a second TPC field is added in DCI formats 1_1 / 1_2.

Observation 1: The existing procedures do not allow the network to separately adapt the PUCCH power control parameters for the different beams/TRPs for multi-TRP PUCCH schemes in FR1. 

Proposal 17: To enable the support of separate power control for different TRPs for multi-TRP PUCCH schemes in FR1, a PUCCH resource is linked to two subsets of PUCCH power control parameters.
· FFS the related indication and configuration.

[bookmark: _GoBack]Proposal 18: For multi-TRP PUCCH schemes, if the UE is not provided pathlossReferenceRSs, define how to enable the UE to determine two RS resources needed to calculate two pathloss values for PUCCH power control.

Proposal 19: For multi-TRP PUCCH schemes, if the UE is not provided pathlossReferenceRSs, consider the following aspects/parameters for the determination of two RS resources needed for the calculation of two pathloss values: the TRP scheme in downlink, the TCI state or QCL assumption of at least one CORESET and/or the TCI states of PDSCH.

Proposal 20: Support dynamic switching between multi-TRP PUCCH schemes and single-TRP PUCCH scheme in both FR1 and FR2.
· FFS the details of such switching.

PUSCH enhancements
Observation 2: For multi-TRP PUSCH repetition with codebook-based mode, up to 4 bits would be required to indicate two SRIs. The network could operate with a reduced number of configured SRS resources in the two SRS resource sets, leading to a reduced number of bits needed for the indication of two SRIs.

Observation 3: For multi-TRP PUSCH repetition with non-codebook-based mode, the number of layers shall be the same across repetitions towards different TRPs.

Observation 4: For multi-TRP PUSCH repetition with non-codebook-based mode, the network could operate with a reduced number of configured SRS resources in the SRS resource sets and/or maximum rank, leading to a reduced number of bits needed for the indication of two SRIs.

Proposal 21: For single-DCI multi-TRP PUSCH repetition operation, indicate two SRIs separately by extending the SRI field (when needed) for both codebook-based and non-codebook-based UL modes.

Proposal 22: For single-DCI multi-TRP PUSCH repetition with codebook-based mode, indicate two TPMIs by extending the ‘precoding information and number of layers’ field.
· FFS whether/how to reduce the number of bits needed to indicate two TPMIs. 
Proposal 23: For the multi-TRP PUSCH repetition, wait for RAN4’s reply to the LS regarding the range of beam switching gaps before discussing further the aspects on beam mapping applicability.

Proposal 24: For beam mapping pattern for multi-TRP PUSCH repetition, support configuring more than one beam mapping patterns and selecting a pattern via DCI. 
· FFS the details of how to indicate a pattern via DCI. 

Proposal 25: For the indication of two TPC commands via UE-specific PDCCH for multi-TRP PUSCH repetition operation, a second TPC field is added in DCI formats 0_1 / 0_2.

Proposal 26: For multi-TRP PUSCH repetition, to indicate the PTRS-DMRS association via DCI, down-select between the following options:
· Option 1: keep the PTRS-DMRS association field size to 2 bits and use each bit for indicating the association per TRP. FFS the details on the interpretation of each bit.
· Option 2: increase the PTRS-DMRS association field size to 4 bits, and use the existing procedure for indicating the association per TRP.   

Proposal 27: Support dynamic switching between multi-TRP PUSCH scheme and single-TRP PUSCH scheme.
· FFS the details of such switching.

Proposal 28: For the multi-TRP CG PUSCH repetition, support using (at least) two CG configurations used for the transmission of the same TB. 
Proposal 29: To enable the multi-TRP CG PUSCH repetition operation, down-select among the following alternatives:
· Alt.2-1: Explicit association of at least two configured-grant configurations
· Alt.2-2: Implicit association of at least two configured-grant configurations
· Alt.2-3: Association of at least two HARQ processes

Proposal 30: For TX beam selection for multi-TRP CG PUSCH, consider UE’s autonomous selection and indication of the UL TX beam.

Proposal 31: Consider the impact of beam switching gap(s) on actual PUSCH repetitions when the multi-TRP PUSCH type B repetition is applied. 
· FFS: Required UE behavior when applying required switching gap(s) on actual PUSCH repetition(s). 

Proposal 32: Support multi-DCI based multi-TRP PUSCH repetition scheme.
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Appendix: Simulation assumptions
	Parameters
	Values

	Carrier frequency / SCS
	30 GHz / 120 kHz

	PUCCH format
	Format 0, 2

	# of OFDM symbols
	2 symbols 

	# of RB
	1 RB

	UCI size
	2 bits for format 0
11 bits for format 2 

	Channel model
	CDL-A

	Delay spread
	30 ns

	UE speed
	3 km/h

	gNB antenna configuration
	2Rx, [M,N,P,Mg,Ng]=[4,8,2,1,1]

	UE antenna configuration
	1Tx, [M,N,P,Mg,Ng]=[2,4,1,1,1]

	Schemes
	Inter-slot repetition, intra-slot repetition

	Receiver assumption
	Soft-combining

	Channel estimation
	MMSE

	Blockage
	10 dB with probability 10% 

	# of repetitions
	2

	# of TRPs
	1 (s-TRP), 2 (m-TRP)

	Pathloss difference between TRPs
	0 dB
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