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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:
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

To start the discussion, the proposals on the reliability and robustness improvements for PUCCH and PUSCH are summarized in this document and several draft FL proposals are listed in Section 2 and 3 for PUCCH and PUSCH, respectively. 
For additional information, Section 4 contains all the proposals submitted by company contributions and Section 5 provides the overview of results. The agreements reached in RAN1 #102-e meeting is provided in Section 7. 
2.    Proposals for online/offline discussion on PUCCH
[bookmark: _Hlk528168953]The sub-sections below summarize company proposals on multi-TRP based PUCCH related enhancements based on the submitted contributions. 
2.1	Repetition schemes for PUCCH
In the last meeting, several repetitions schemes were identified for further considerations. Companies submitted their preferences and results, and some observations can be captured based on those. 
· Simulation results provided by Intel shows inter-slot repetition can get good performance compared to intra-slot repetition. This applies when more than one slot is used. For single slot case, it is only possible to compare different intra-slot repetition schemes, and both schemes (intra-slot beam hopping with joint encoding and Intra-slot repetition separate encoding) seems to have a similar performance. 
· Simulation results provided by Ericsson/SS shows gains on intra-slot repetition over two TRP compared to single TRP transmission with two times of the number of symbols without repetition for different PUCCH formats. However, no comparison between different M-TRP repetition schemes to select one over the other. 
· Companies also provided their preferences based on the technical discussion. There is good support on all three schemes, 
· inter-slot repetition is supported by 23 companies. FW, HW, InterDigital, Vivo, ZTE, Fujitsu, TCL, MTek, CMCC, SS, Oppo, Sony, Lenovo, NEC, Intel, Xiaomi, Spreadtrum, Covinda, DCM, Ericsson, QC, Nokia, LG
· intra-slot repetition is supported by 18 companies. FW, HW, InterDigital, Vivo, ZTE, Fujitsu, TCL, CMCC, SS, Oppo, Sony, Lenovo, NEC, Intel, Spreadtrum, DCM, Ericsson, QC
· intra-slot beam hopping is supported by 10 companies. FW, HW, InterDigital, Fujitsu, TCL, MTek, Lenovo, NEC, , Ericsson, QC
· Several companies (LG, Nokia) mentioned the issue of overlapping discussion in Rel-17 IIoT WI as the intra-slot repetition is also discussed there in parallel. The suggestion is to wait for STRP based intra-slot PUCCH repetition is agreed in IIoT agenda item, discuss extension later to MTRP. 
· There is also some additional consideration suggested relating these repetition schemes to PUCCH formats. 

From FL perspective, there is good support for all three versions of M-TRP PUCCH transmission schemes. However, a majority supports inter-slot repetition schemes. When considering both intra-slot beam hopping and intra-slot repetitions, it looks safer to proceed first with intra-slot beam hopping scheme as that might not create any conflicting discussion with Rel-17 IIoT discussions. Also, the results are not justifying any difference between intra-slot repetition and intra-slot beam hopping. Further discussion on intra-slot repetition may happen after Rel-17 IIoT discussions or based on additional RAN guidance. 

[Draft for offline] Proposal 2.1: Support following multi-TRP PUCCH transmission schemes.  
· Scheme 1: multi-TRP inter-slot repetition
· [bookmark: _Hlk54792216]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
· Scheme 2: multi-TRP intra-slot beam hopping
· UCI is transmitted in one PUCCH resource in which different sets of symbols within a slot have different beams.
· FFS: Number of beam hopping instances per slot
· FFS: Support of intra-slot beam hopping across multiple slots.  
· FFS: Scheme 3: multi-TRP intra-slot repetition 
· 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. 
· The support of this scheme may depend on the parallel discussions in Rel-17 IIoT discussion and further RAN guidance. 

Please comment preferred changes below. Please do not edit the draft proposal above and suggest your modification (if any) in the comments.  
	Company
	Comments

	CATT
	Both scheme 1 and 2 can be supported. 

	Lenovo/MotM
	Support the proposal in principle while deleting the ‘FFS’ in the Scheme 3. Since intra-PUCCH repetition can improve the reliability and robustness which has a smaller latency compared with inter-slot PUCCH repetition, it’s in the scope of PUCCH enhancement of R17.

	MediaTek
	We support the proposal. For Scheme 2, we prefer to add additional FFS
Alt. 1: Joint encoding across all beam hops
Alt. 2: Repetition based on encoding of the first beam hop

	NTT Docomo
	We suggest to further study whether intra-slot repetition or intra-slot beam hopping is supported.

	QC
	Support the proposal in principle. Also, if we can conclude whether same PUCCH resource or different PUCCH resources are used (for scheme 1 and 3) as in Proposal 2.3, the description can be made much simpler for those schemes.
For Scheme 2, our understanding is that within the PUCCH resource, we can only have two beam hops. Otherwise, frequency hopping mechanisms cannot be directly used. Also, the second FFS may not be needed (by definition, beam hopping is within a PUCCH resource, which is contained in one slot). Hence, we suggest the following for scheme 2
· Scheme 2: multi-TRP intra-slot beam hopping
· UCI is transmitted in one PUCCH resource in which different sets of symbols within a slot the PUCCH resource have different beams.
· Two beam hopping instances are supported using the frequency hopping procedures
· FFS: Number of More than 2 beam hopping instances per slot PUCCH resource.
· FFS: Support of intra-slot beam hopping across multiple slots.  


	ZTE
	Agree in principle to support scheme 1 and scheme 2. 
However, we don’t think the current discussion should depend on IIoT outcome. MIMO discussion assumes MTRP transmission, which is different from IIoT discussion. So we prefer to agree Scheme 3 as well.
In addition, this proposal is related to section 2.3, we prefer to add a note to avoid misunderstanding (people may think both multiple PUCCH resources or single PUCCH resource will be supported)
Note: whether to support two PUCCH resources or the same PUCCH resource with different beams will be discussed in section 2.3. 

	Apple
	Support scheme 1.
Scheme 2 and 3 are schemes for intra-slot repetition, and only one of them should be enough. We suggest changing the proposal 2.1 as follows:

[Draft for offline] Proposal 2.1: Support following multi-TRP PUCCH transmission schemes.  
· Scheme 1: multi-TRP inter-slot repetition, and down-select one of the following alternatives
· Alt 1: UCI is carried by 2 PUCCH resouces
· Alt 2: UCI is carried by 1 PUCCH resource with repetitions 
· FFS: Number of repetitions
· Scheme 2: multi-TRP within a slot, and down-select one of the following alterantives
· Alt 1: multi-TRP intra-slot beam hopping
· UCI is transmitted in one PUCCH resource in which different sets of symbols within a slot have different beams.
· FFS: Number of beam hopping instances per slot
· FFS: Support of intra-slot beam hopping across multiple slots.  
· Alt 2: multi-TRP intra-slot repetition 
· 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. 
· The support of this scheme may depend on the parallel discussions in Rel-17 IIoT discussion and further RAN guidance. 


	OPPO
	Support Scheme 1 with same PUCCH resource. Regarding to intra-slot scheme, we think one out of intra-slot beam hopping and intra-slot repetition is enough and we prefer Scheme 3 as more companies support it. Moreover, we don’t think any potential discussion for Rel-17 IIoT in future should give higher priority on some MIMO scheme and lower priority on some other scheme in current stage.  
We are generally ok with Apple’s revision

	Fujitsu
	Support the proposal.

	Xiaomi
	Support scheme.1. For scheme 2 and 3, more discussion is needed e.g. the switching gap

	vivo
	Support scheme 1.
With regarding to scheme 2, intra-slot beam hopping may not be applicable to all cases. For example, for some PUCCH formats or resources with a small number of symbols, extremely 1 symbol PUCCH, this scheme does not work well. On the other hand, we think beam hopping should be combined with frequency hopping if intra-slot beam hopping is supported, due to DMRS availability on each hop. Hence, we recommend to update the proposal 2.1 as follows:

Proposal 2.1: Support following multi-TRP PUCCH transmission schemes.  
· Scheme 1: multi-TRP inter-slot repetition
· 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
· Scheme 2: multi-TRP intra-slot beam hopping
· UCI is transmitted in one PUCCH resource in which different sets of symbols within a slot have different beams.
· Intra-slot beam hopping can be used only when intra-slot frequency hopping is enabled, and beams are mapped to different frequency hops.
· FFS: Number of beam hopping instances per slot
· FFS: Support of intra-slot beam hopping across multiple slots.  
· FFS: Scheme 3: multi-TRP intra-slot repetition 
· 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. 
· The support of this scheme may depend on the parallel discussions in Rel-17 IIoT discussion and further RAN guidance.

	Samsung
	In FR2 blockage scenario, Scheme 2 suffers worse error performance than Scheme 3 due to the large burst of erasure which can be avoided by Scheme 3. We think Scheme 3 needs to be discussed in MTRP agenda independently from IIoT, since even intra-slot PUCCH repetition is considered in IIoT, they won’t even discuss multi-TRP support and it’s not actual Scheme 3. If we wait until the end of IIoT discussion, support of scheme 3 is impossible until the end of Rel-17 which will greatly hinder the overall multi-TRP performance which is not what we want.
Hence, we suggest to delete FFS at Scheme 3.

	Huawei, HiSilicon
	Support FL’s proposal in principle. 
Scheme 3 is also useful to enhance format 0/2 with low latency requirement.


	TCL
	Support the proposal. Regarding to the intra-slot scheme, we prefer Scheme 3.
We are generally agreed with Apple’s revision.

	APT
	We support Scheme 1. We also suggest removing FFS on scheme 3 since IIoT would not take TRP into consideration. In addition, we are OK with QC’s modification on Scheme 2. 

	Nokia
	Support the FL proposal in principle. 
As few companies mentioned, before agreeing to support intra-slot beam hopping, it would be good to first discuss whether there will be a need for a beam switching (time) gap; at least in some cases.

	Ericsson
	We are supportive of Schemes 1, 2, and 3.  Regarding Scheme 3, we have similar understanding as Lenevo/MotM, ZTE, Samsung, Huawei, and APT,  that IIoT session will not discuss multi-TRP support for intra-slot repetition.  So, we prefer to delete the FFS on Scheme 3. 
We support to add the following note proposed by ZTE:
Note: whether to support two PUCCH resources or the same PUCCH resource with different beams will be discussed in section 2.3.

	Futurewei
	Support FL’s proposal in principle. As commented by several companies, FFS in Scheme 3 may be removed.

	Intel
	We support scheme 1. As mentioned by multiple companies before it may be sufficient to support either intra-slot beam hopping or intra-slot repetition. We are ok with Apple’s revision except the last sub-bullet of IIoT discussion.



Proposal 2.1: FL update
Based on the comments so far the following was observed, 
· Many companies are ok with the proposal with minor changes: CATT, Lenovo, MTek, QC, ZTE, Fujitsu, Vivo, HW, TCL, Nokia, Ericsson, FW
· Few companies suggest to further study intra-slot beam hopping and intra-slot repetition: DCM, Apple, Oppo, Xiaomi, Intel 
· Few other also support also intra-slot repetition (in addition to Scheme 1 and 2): ZTE, SS, APT, Ericsson, FW
· There are several suggestions on simplifying the wording used in the proposal: QC, ZTE, Apple 
· Another suggestion to include relationship with beam hopping and frequency hopping. - Vivo

@Lenovo, ZTE, SS, OPPO, APT, Ericsson: At least from the FL perspective, we cannot make the decision on intra-slot repetitions when there is a clear parallel discussion happens in Rel-17 IIOT. This was also discussed in RAN and the RAN guidance is to consider the following (RP-202110). At least for now, FL cannot suggest any agreements related to Scheme 3. 
	· Handling of overlapped objectives involving Rel-17 feMIMO, Rel-17 IIoT/URLLC and Rel-17 Coverage Enhancements is to be discussed in RAN#90-e.
· Note: discussion in RAN1#103-e for each of the above items is based on the respective WID or SID. In particular, PUCCH aspects under feMIMO should focus on multi-TRP only.



@QC: Suggested text change taken into account. 
@Apple: FL preference is to use terms scheme 2 and 3 as that is also used describe details later discussions. Wording suggestion on single or two PUCCH resources under Scheme 1 and 3 are also clear from the text and FL considered ZTE suggestion to clarify that further. 
@ZTE, Ericsson: your suggestion on note is taken into account. 
@Vivo: beam hopping to frequency hops will be further discussed (if scheme 2 is supported). Nothing critical for now to reflect in the agreement. 
@all: based on all comments, it seems most feasible thing is to agree on scheme 1 first. We can further discuss Scheme 2 and 3 to make progress during this meeting. 

Updated Proposal 2.1: Support following For multi-TRP PUCCH transmission schemes, 
· Support Scheme 1: 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
· Scheme 2: multi-TRP intra-slot beam hopping (Scheme 2)
· UCI is transmitted in one PUCCH resource in which different sets of symbols within a slot the PUCCH resource have different beams.
· FFS: Number of More than 2 beam hopping instances per slot PUCCH resource.
· FFS: Support of intra-slot beam hopping across multiple slots.  
· FFS: Scheme 3: 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. 
· The support of this scheme may depend on the parallel discussions in Rel-17 IIoT discussion and further RAN guidance. 
· Note1: whether to support two PUCCH resources or the same PUCCH resource with different beams for Scheme 1 and 3 to be discussed separately. 


Please comment preferred changes below. Please do not edit the draft proposal above and suggest your modification (if any) in the comments.  
	Company
	Comments

	
	

	
	



2.2	PUCCH formats 
Several companies discuss supporting PUCCH format 0 and 2 in multi-TRP PUCCH repetition in addition to the PUCCH formats 1,3, and 4. From the FL perspective, views are not aligned fully on supporting PUCCH format 0 and 2 for all repetition schemes. For example, few companies say that support all PUCCH formats for all schemes (FW, SS, DCM), while some other propose inter-slot repetition can be used for PUCCH formats 1/3/4 (Mtek). In any case, there are no concerns raised on supporting PUCCH format 1/3/4. Also, we have to note that Rel-17 IIoT discussion may consider this PUCCH format 0 and 2 repetition scenario, and we should not go into parallel discussion. Therefore, the suggested proposal is the following, 
[Draft for offline] Proposal 2.2: For multi-TRP PUCCH transmission schemes 1 and 2 (inter-slot repetition and intra-slot beam hopping), PUCCH format 1/3/4 can be used. 
· FFS: support of PUCCH format 0/2 for Scheme 2. 
· Support of PUCCH format 0/2 for Scheme 1 is not within Rel-17 feMIMO discussion. 

Please comment preferred changes below. Please do not edit the draft proposal above and suggest your modification (if any) in the comments.  
	Company
	Comments

	CATT
	Support this proposal.

	Lenovo/MotM
	Not support. All PUCCH format with repetition enhancement should be considered since the scope of R17 feMIMO doesn’t exclude short PUCCH format. Therefore, whether PUCCH format 0/2 can be supported in R17 feMIMO PUCCH enhancement should be discussed and studied.

	MediaTek
	Support

	NTT Docomo
	We suggest not to restrict to inter-slot repetition and intra-slot beam hopping in the following proposals. Intra-slot repetition should also be included unless we reach any conclusion on proposal 2.1. And we suggest to also further consider PUCCH format 0/2 for inter-slot repetition. 
Thus, we suggest following modification.

[Draft for offline] Proposal 2.2: For multi-TRP PUCCH inter-slot repetition and intra-slot repetition/beam hopping, PUCCH format 1/3/4 can be used. 
FFS: support of PUCCH format 0/2 for inter-slot repetition and intra-slot repetition/beam hopping. 

	QC
	Support the proposal for progress. We think both scheme 1 and scheme 2 should be applicable also to PUCCH formats 0 and 2, while we understand that for scheme 1, it is also being discussed in Rel-17 IIoT AI. 

	ZTE
	Do not support this proposal. 
We see majority companies support all PUCCH formats with multi-TRP transmission. This has clear benefit in blockage scenario even for PUCCH format 0 and 2.
Further, we are discussing MTRP, repetition with multiple beams or intra-slot beam hopping will be supported, this is different from Rel-17 IIoT discussion. Thus, we propose to support all PUCCH formats in Rel-17 feMIMO discussion. Thus, our suggestion is as follows

Proposal 2.2: For multi-TRP PUCCH transmission, all PUCCH formats are supported. 


	Apple
	Support the proposal with revisions. We do not support scheme 2.

[Draft for offline] Proposal 2.2: For multi-TRP PUCCH transmission, at least PUCCH format 1/3/4 can be used. 



	OPPO
	Not support
· This proposal is based on Proposal 2.1 that is not agreeable so far
· Current discussion in MIMO session should not be determined by the potential discussion for Rel-17 IIoT in future. 

	Fujitsu
	Support

	Xiaomi
	Support in principle. We think no limitations are needed to preclude PUCCH format 0&2 from the supported transmission scheme(s) for multi-TRP PUCCH. PUCCH format 0&2 are also need to be enhanced.

	vivo
	We are OK with the proposal in principle.
We also think format 0/2 should be supported regardless Rel-17 IIoT discussion, since we are dealing with blockage in FR2 scenarios.

	Samsung
	We think Proposal 2.2 is a second level detail of Proposal 2.1. Suggest to revisit Proposal 2.2 after the repetition granularity for PUCCH is finalized at Proposal 2.1. In our view, it doesn’t make sense to use long PUCCH only even if intra-slot repetition is concluded to be supported.

	Huawei, HiSilicon
	Without the decision on proposal 2.1, we don’t think scheme 3 should be excluded. Therefore, we propose the following revision:
 [Draft for offline] Proposal 2.2: For multi-TRP PUCCH transmission schemes 1 and 2 (inter-slot repetition and intra-slot beam hopping), PUCCH format 1/3/4 can be used. 
· FFS: support of PUCCH format 0/2 for Scheme 2/3. 
· Support of PUCCH format 0/2 for Scheme 1 is not within Rel-17 feMIMO discussion. 


	TCL
	Support in principle. We also think format 0/2 should not be precluded at this stage.

	APT
	We also prefer not to preclude PUCCH format 0/2. Regarding applicable scheme to each format, it seems dependent on output from Issue 2.1. 

	Nokia/NSB
	Support the proposal.

	Ericsson
	As several companies mentioned about, it is better to discuss this proposal after we reach an agreement on proposal 2.1.  At this point, we prefer not to exclude scheme 3.  Regarding PUCCH formats 0/2, we think these formats should be supported for at least schemes 2 and 3.  Given that inter-slot PUCCH repetition is supported in rel-15 for PUCCH formats 1, 3, and 4, it may be ok to limit inter-slot multi-TRP PUCCH repetition to formats 1, 3, and 4 in our view.

	Futurewei
	Since this depends on Scheme 3 and Issue 2.1, we suggest to keep the proposal broader at least for now.

	Intel
	Not support. We prefer to not preclude PUCCH format 0/2. Also scheme 2 does not have unanimous support for Proposal 2.1. We think at least intra-slot and inter-slot repetition should be considered for all PUCCH formats (aligned with agreement in last meeting to consider all PUCCH formats)



Proposal 2.2: FL update
Based on the comments so far, the following was observed, 
· Several companies support the proposal: CATT, MTek, QC, DCM, Fujitsu, Xiaomi, TCL, Nokia, 
· Support with some updates : DCM, HW
· Few others do not support the proposal due to different reasons 
· All PUCCH format with repetition enhancement should be considered since the scope of R17 feMIMO doesn’t exclude short PUCCH format. – Lenovo, ZTE
· Do not support due to the mentioning of Scheme 2: Apple  
· Proposal is based on Proposal 2.1 and can be discussed later – OPPO, Samsung,APT, Ericsson, FW 

@Lenovo, ZTE : FL has a similar comment as before (in proposal 2.1) where parallel discussion is not possible for PUCCH format 0/2 considering either Scheme 1 or Scheme 3, which are PUCCH repetition schemes. In general, the guidance is that only MIMO aspects to consider in the feMIMO WI.  
All other comments related to the proposal 2.1 which is related to support of scheme 2 and 3. To avoid dependency between proposals, the following is suggested. 
Updated Proposal 2.2: For multi-TRP PUCCH transmission schemes,
· For Scheme 1 and 2 (inter-slot repetition and intra-slot beam hopping), at least PUCCH format 1/3/4 can be used. 
· FFS: support of PUCCH format 0/2 for Scheme 2. 
· FFS: Support of PUCCH format 0/2 for Scheme 1 is not within Rel-17 feMIMO discussion. 
· FFS: Support of PUCCH formats for Scheme 2 and/or Scheme 3 (if schemes are agreed).  

Please comment preferred changes below. Please do not edit the draft proposal above and suggest your modification (if any) in the comments.  
	Company
	Comments

	
	

	
	




2.3	PUCCH Spatial Relation Info/PUCCH resource 
In this meeting, companies presented further views on the use of single vs multiple PUCCH resources for multi-TRP PUCCH repetition. This discussion also has a direct relation when deciding additional enhancements required on supporting single vs multiple PUCCH spatial relations for a PUCCH resource. Few observations based on company contributions are as follows, 
· Support multiple PUCCH resources in multi-TRP PUCCH repetition (at least for inter-slot repetition mode): supported by 8 companies (FW, TCL, LG, SS, Apple, Lenovo, Xiaomi, Nokia) 
· Support single PUCCH resource in multi-TRP PUCCH repetition (at least for inter-slot repetition mode): supported by 15 companies (HW, vivo, ZTE, CATT, CMCC, OPPO, LG, Xiaomi, Mtek, Intel, Spreadtrum, Convida, DCM, Ericsson, QC)
· No simulation results to justify one method vs the other method. 
· If Scheme 2 (intra-slot beam hopping) is agreed to be supported, there is anyways the need of activating more than one PUCCH spatial relation for single PUCCH resource)
As a majority of companies supporting single PUCCH resource, it is reasonable that RAN1 agree on supporting that for all multi-TRP PUSCH transmission schemes. It was also noted by several companies that if the single PUCCH resource is supported, existing PUCCH spatial relation activation MAC CE can be updated to activate more than one PUCCH spatial relation info. Considering these aspects, the FL proposal is the following, 
[Draft for offline] Proposal 2.3: For multi-TRP 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

Please comment preferred changes below. Please do not edit the draft proposal above and suggest your modification (if any) in the comments.  
	Company
	Comments

	CATT
	Support this proposal. 

	Lenovo/MotM
	Support.

	MediaTek
	Support

	NTT Docomo
	We support FL proposal.

	QC
	Support. If two PUCCH resources are used, it is not clear to us how we can grantee “repetition” in all cases. If number of control REs are not exactly the same, we may have two different polar mother code length, which makes it a “multi-chance” scheme rather than “repetition”. In addition, two separate encoding / rate matching become necessary at the UE side, which significantly increases the UE complexity. 

	ZTE
	Support in principle. In addition, in Rel-16, MAC CE can be used to activate a spatial relation of a PUCCH resource group where maximum 4 PUCCH resource groups are supported. We think the PUCCH resource group should also be supported in Rel-17. So we prefer to add a FFS bullet to further discuss how to support PUCCH resource group in Rel-17. 

For multi-TRP 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 how to support two spatial relation info for a PUCCH resource based on Rel-16 PUCCH resource group methodology.


	Apple
	This is connected to proposal 2.1. We think a better solution is to configure 2 PUCCH resources. So we do not support the proposal.

	OPPO
	Support it as it is simple and efficient solution

	Fujitsu
	Support

	Xiaomi
	Support the proposal

	vivo
	Support.

	Samsung
	We don’t agree with the proposal. We think multi PUCCH resource based repetition has technical advantages over single PUCCH resource based repetition. Multi PUCCH enables flexible resource allocation per TRP, which can better avoid DL-UL collision, and also better adaptive to each TRP-UE link. We think more technical discussion is needed between multi-PUCCH and single-PUCCH based repetition before making decision.

	Huawei, HiSilicon
	Fine for the FL proposal, at least to support single PUCCH resource.

	TCL
	Support the proposal.

	Nokia
	Although we have a slight preference towards using two PUCCH resources, for the sake of progress we can support the proposal.

	Ericsson
	We support FL’s proposal.

	Futurewei
	Do not support this proposal.
The transmissions to the different TRPs differ in many respects, including spatial relation info, pathloss RS, power control parameters, TA, etc., and one could be configured with hopping whereas the other without hopping, or one could be of long format and the other be of short format, and so on. Therefore, a more natural way is to configure/activate separate PUCCH resources, each of which has its own parameters including the spatial relation info.

	Intel
	Support, + modifications from ZTE



Proposal 2.3: FL update
Based on the comments so far, a majority of companies support the proposal. 
@Apple, SS, FW: Unfortunately, no simulation results are submitted to justify the need for multiple PUCCH resources. As there is majority support no changes to Rel-15/16 method of using the same PUCCH resource, there is no point of waiting if the proponents can not convince others. FL suggest concluding this discussion by suggesting to agreeing on the proposal. 
@ZTE: It is not clear why we should discuss PUCCH grouping within this proposal. FL suggest discussing the FFS mentioned by ZTE in a later discussion. 
Proposal 2.3: For multi-TRP 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

Please comment preferred changes below. Please do not edit the draft proposal above and suggest your modification (if any) in the comments.  
	Company
	Comments

	
	

	
	

	
	

	
	




2.4 	Beam mapping pattern 
In this meeting, companies provided their views also on the beam mapping patterns. The following proposals are mentioned, 
· Support both cyclical and sequential mapping: CATT, CMCC, Lenovo, Xiaomi, DCM, Ericsson, QC, Nokia
· Support Cyclical mapping: Intel, Convida
As Proposal 2.1 has an open item on intra-slot beam hopping supporting more than two hops, it is not clear that sequential mapping can be applied there in general. Sequential mapping only works for more than two repetitions. Considering that aspects, FL has the following proposal. 
[Draft for offline] Proposal 2.4: For PUCCH multi-TRP enhancements, allow the possibility to configure either cyclic mapping or sequential mapping of spatial relation info’s over PUCCH repetitions/symbols. 
· When the number of repetitions (scheme 1) or beam hops (scheme 2) equal to two, the default mapping shall be cyclic mapping. 
Note: Sequential mapping may not be applicable for Scheme 2 when the maximum number beam hops are limited to two. 

Please comment preferred changes below. Please do not edit the draft proposal above and suggest your modification (if any) in the comments.  
	Company
	Comments

	CATT
	Support this proposal.

	Lenovo/MotM
	Support.

	MediaTek
	Support

	NTT Docomo
	We suggest not to restrict to inter-slot repetition and intra-slot beam hopping in the following proposals. Intra-slot repetition should also be included unless we reach any conclusion on proposal 2.1. Thus, we suggest following modifications.

[Draft for offline] Proposal 2.4: For PUCCH multi-TRP enhancements, allow the possibility to configure either cyclic mapping or sequential mapping of spatial relation info’s over PUCCH repetitions/symbols. 
· When the number of repetitions (scheme 1) or beam hops (scheme 2) equal to two, the default mapping shall be cyclic mapping. 
Note: Sequential mapping may not be applicable for Scheme 2 when the maximum number beam hops are limited to two. 


	QC
	Support the proposal.

	ZTE
	We propose to postpone agreeing this proposal, and discuss whether symbol gap is needed between two PUCCH beams first. If the gap is not needed, we agree above proposal. However, if the gap with one or more symbols are needed between two PUCCH beams, we prefer half-to-half mapping, i.e. the first half PUCCH repetitions and the last half PUCCH repetitions correspond to two beams respectively for the purpose of saving beam switching times.

	Apple
	Do not support the proposal. This does not need to be discussed if UCI is reported by multiple PUCCH resources.

	OPPO
	We prefer sequential mapping from the perspective of UE implementation. 
In the current spec, cyclic and sequential mapping are only defined for the case “When the value indicated by repetitionNumber-r16 in PDSCH-TimeDomainResourceAllocation-r16 is larger than two”. From our understanding, for the case of two repetitions, both mapping will lead to the same behavior (if we extend these mapping for 2 repetition). Thus, the sub-bullet and the note are not correct. 

	Fujitsu
	Support

	Xiaomi
	Support the proposal, also agree with ZTE

	vivo
	Support the proposal.

	Samsung
	Schemes (Scheme 1/2/3) in the sub-bullet are not agreed yet, and when beams are mapped to 2 repetitions/hops, it is obvious that the mapping pattern is cyclical because all Scheme 1/2/3 are based on mTRP enhancements. So, we suggest to remove the sub-bullet as follows: 

Proposal 2.4: For PUCCH multi-TRP enhancements, allow the possibility to configure either cyclic mapping or sequential mapping of spatial relation info’s over PUCCH repetitions/symbols. 


	Huawei, HiSilicon
	Support the main bullet. We are fine with the revision from Samsung.


	TCL
	Support the proposal.

	APT
	We share similar view with Samsung and Huawei. 

	Nokia
	We agree with the proposal.
We can also be OK with Docomo’s suggestion above.

	Ericsson
	We agree with views from Samsung, Huawei, and APT.  Samsung’s revision is acceptable to us.

	Futurewei
	We are fine with Docomo’s revision or Samsung’s revision.

	Intel
	Agree with ZTE to postpone this discussion. If beam switching gap is not needed, then we can use cyclical as baseline. If beam switching gap is needed then there is tradeoff between early detection at the gNB vs minimizing gaps. 



Proposal 2.4: FL update
Based on the comments so far, a majority of companies support the direction of the proposal but there are few comments to change the wording such that description is generalized for all schemes. 
@ZTE, Xiaomi : the half-half pattern is not supported by the majority of companies.
@DCM, OPPO, Samsung, Ericsson, HW, APT, FW: Removed the bullet to make things general. 
@Apple: Multiple PUCCH resources is not supported by the majority.  

Updated Proposal 2.4: For PUCCH multi-TRP enhancements, allow the possibility to configure either cyclic mapping or sequential mapping of spatial relation info’s over PUCCH repetitions/symbols. 
· When the number of repetitions (scheme 1) or beam hops (scheme 2) equal to two, the default mapping shall be cyclic mapping. 

Please comment preferred changes below. Please do not edit the draft proposal above and suggest your modification (if any) in the comments.  
	Company
	Comments

	
	

	
	

	
	

	
	



2.5 	Power control  
Many companies show the interest in further supporting enhancements on power control for multi-TRP PUCCH repetition. Companies seem to be in a good alignment on having two sets of power control parameters (independent power control) for PUCCH repetition/transmission by either supporting two PUCCH spatial relation info for a given PUCCH resource or supporting two PUCCH resources (FW, Vivo, ZTE, CATT, Oppo, LG, Nokia, Lenovo, Xiaomi, Ericsson, QC). Additionally, few companies (Oppo, DCM, ZTE, Ericsson CMCC, CATT, Nokia) suggest on further enhancing the TPC command for TRP specific close loop power control. Different alternatives to enhance TPC command are suggested for further study in ZTE, Nokia contributions. 

[Draft for offline] Proposal 2.5: For PUCCH multi-TRP enhancements, 
· Support separate power control parameters for different TRP via associating power control parameters via PUCCH spatial relation info. 
· For per TRP closed-loop power control for PUCCH, further study the following alternatives considering TPC command. 
· Option.1: A single TPC field is used, and the TPC value applied for both PUCCH beams
· Option.2: A single TPC field is used, and the TPC value applied for one of two PUCCH beams
· Option 3: A second TPC field is added in DCI.

Please comment preferred changes below. Please do not edit the draft proposal above and suggest your modification (if any) in the comments.  
	Company
	Comments

	CATT
	 Option 3 is slightly preferred.

	Lenovo/MotM
	Support the proposal in principle while not supporting Option 2 for TPC command.

	MediaTek
	We support the proposal and prefer Option 3.

	NTT Docomo
	We support FL’s proposal and prefer option3.

	QC
	For the first bullet, our understanding is that if Proposal 2.3 is agreed, it is automatically supported based to PUCCH spatial relation info definition.
For TPC command, we think the options are applicable only in the case that the two PUCCH spatial relation info’s have different closed loop indices (network can configure them to be the same or different). Also, it would be good to clarify the DCI format that includes the TPC commands. Our understanding is that the discussion is for non-fallback DL DCI formats (1_1 / 1_2). Hence, we suggest:
· 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
· Option 3: A second TPC field is added in DCI formats 1_1 / 1_2.


	ZTE
	Support this proposal in principle. For option.2, one should be clarified that the single TPC command is not always used for one PUCCH beam. Then intention is to apply TPC command for first beam sometime, and apply the TPC command for the second beam in other times. So we prefer to change the proposal as follows
Proposal 2.5: For PUCCH multi-TRP enhancements, 
· Support separate power control parameters for different TRP via associating power control parameters via PUCCH spatial relation info. 
· For per TRP closed-loop power control for PUCCH, further study the following alternatives considering TPC command. 
· Option.1: A single TPC field is used, and the TPC value applied for both PUCCH beams
· Option.2: A single TPC field is used, 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.


	Apple
	In our view, the first sub-bullet has already been supported in curent specification.
For closed-loop power control, we support option 1. The benefit to enhance it is minor, since the case to have different TPC indication for different beams is not typical, but if we optimize such case by introducing additional DCI overhead, it would cause performance degradation. So at least option 3 should be removed.

	OPPO
	Support the proposal in principle. Details can be discussed further.

	Fujitsu
	Support the proposal.

	Xiaomi
	Support the proposal with option.3 

	vivo
	The three options listed may not cover all possible schemes, for example, one TPC codepoint indicating two TPC values. So we propose to add one option:
Option 4: a single TPC field is used, and a TPC codepoint indicates two TPC values applied to two PUCCH beams respectively.

	Samsung
	Support FL’s proposal in principle.
Besides, we want to add an FFS point for beam switch timing and power ramping time, which needs to be considered when two adjacent PUCCHs are transmitted and their beam/power are different. So, we suggest the following modification

Proposal 2.5: For PUCCH multi-TRP enhancements, 
· Support separate power control parameters for different TRP via associating power control parameters via PUCCH spatial relation info. 
· For per TRP closed-loop power control for PUCCH, further study the following alternatives considering TPC command. 
· Option.1: A single TPC field is used, and the TPC value applied for both PUCCH beams
· Option.2: A single TPC field is used, and the TPC value applied for one of two PUCCH beams
· Option 3: A second TPC field is added in DCI.
· FFS: Timing for UL beam switch and power ramping across PUCCH repetitions

	Huawei, HiSilicon
	Support in principle. Considering that in current spec, power control parameter has been configured per beam (associated to each configured spatial relation info), so there is no spec impact, therefore, we propose the following revision to make it clearer
 [Draft for offline] Proposal 2.5: For PUCCH multi-TRP enhancements, 
· 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. 
· Option.1: A single TPC field is used, and the TPC value applied for both PUCCH beams
· Option.2: A single TPC field is used, and the TPC value applied for one of two PUCCH beams
· Option 3: A second TPC field is added in DCI.


	TCL
	We support the proposal and prefer Option 3.

	APT
	Support in principle. 

	Nokia
	Support the proposal. 
We (slightly) prefer Option 3 in principle. 

	Ericsson
	Support the proposal. We think it is also good to include the 4th option mentioned by ViVo.

	Futurewei
	Support the proposal with Option 3

	Intel
	The first bullet is okay – although we think that it would be typical for the NW to use a single closed-loop PC. Instead of the second bullet of listing all possible options, we can keep a “FFS: details of closed-loop support”. 



Proposal 2.5: FL update
Based on the comments so far, a majority of companies support the direction of the proposal. Few comments are addressed as follows, 
@QC, HW, ZTE, SS, VIVO: your comments are considered in the following update. 

[Draft for offline] Proposal 2.5: For PUCCH multi-TRP enhancements, 
· 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 a TPC codepoint indicates two TPC values applied to two PUCCH beams, respectively.
· FFS: Timing for UL beam switch and power ramping across PUCCH repetitions
 
Please comment preferred changes below. Please do not edit the draft proposal above and suggest your modification (if any) in the comments.  
	Company
	Comments

	
	

	
	

	
	

	
	





2.6	Other proposals
For configuration/indication of the number of PUCCH repetitions, RAN1 #102e agreed to study two alternatives. The support of companies for each alternative is as follows, 
· Alt.1(Use Rel-15 like framework): 9 companies supported (FW, HW, Apple, Xiaomi, Convida, Spreadtrum, Nokia, OPPO, DCM)
· Alt.2 (Dynamic indication of the number of PUCCH repetitions): 10 companies supported (InterDigital, ZTE, OPPO, LG, Lenovo, Mtek, Intel, DCM, Ericsson, QC)

ZTE provided results to explain how the number of repetitions varies even the large-scale SNR is fixed and provide some justification why the dynamic indication of the number of PUCCH repetitions is needed. At least for the FL, it is not clear that assumptions used there are for multi-TRP scenario or single TRP scenario. On the other hand, a similar discussion on supporting dynamic indication is also under discussion in Rel-17 IIoT, and RAN guidance is to consider only MIMO related enhancements in feMIMO. At least one company suggests waiting for Rel-17 IIoT decision and come back to dynamic indication issue later. Based on this justification, it makes sense that we do not go for conflicting agreements at this moment in different WIs.

[Draft for offline] Proposal 2.6: 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 depending on the outcome of Rel-17 IIoT discussion.  

Please comment preferred changes below. Please do not edit the draft proposal above and suggest your modification (if any) in the comments.  
	Company
	Comments

	CATT
	Dynamic indication of the number of repetitions should be considered for scheme 1.

	Lenovo/MotM
	Not support. The indication of PUCCH repetition number is one aspect related to PUCCH resource enhancement, therefore, the dynamic indication method should be further studied.

	MediaTek
	Fine with the proposal

	NTT Docomo
	We support FL’s proposal.

	QC
	Support the proposal. We think dynamic indication of # of repetitions is needed, but we are ok to let Rel. 17 IIoT AI discuss this part first.

	ZTE
	Do not support this proposal. 
First, we prefer to change the title of this section as follows to make this section better understandable
2.6	Configuration/Indication of the number PUCCH repetitions
Second, the PUCCH repetitions include transmissions toward to both TRPs. So this belongs to MIMO discussion. We don’t need to wait for any outcome of IIoT discussion.
We support dynamic indication of the number of PUCCH repetitions. 

	Apple
	Support the proposal.

	OPPO
	Dynamic indication of repetition number should be supported.

	Fujitsu
	Support the proposal.

	Xiaomi
	Support the proposal, and may consider the dynamic indication later on.

	vivo
	We are fine with the proposal. Just for information, this topic is also discussed in R17 coverage enhancement.

	Samsung
	We support dynamic indication on the number of repetitions. 
Besides, there are multi-TRP specific design for such indication. For example, if we support multi-PUCCH resource, deciding the # of resources is related with this dynamic indication mechanism. Rather than waiting until the end of IIoT discussion, we want to make separate discussion on this issue focusing on multi-TRP aspects. Suggest to change the proposal as follows:

[Draft for offline] Proposal 2.6: 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.  
· Support the dynamic indication of the number of repetitions as well. 

	Huawei, HiSilicon
	Support the proposal.

	TCL
	We support dynamic indication of the number of PUCCH repetitions.

	Nokia
	Support the proposal 

	Ericsson
	We have similar view as ZTE.

	Futurewei
	We think Rel-15 mechanism works well, and dynamic indication leads to higher DCI overhead and complexity. We can see how the related WI goes.

	Intel
	We support dynamic indication but the wording should be changed to de-link from Rel-17 IIoT discussions.



Proposal 2.6: FL update
Based on the comments so far, a majority of companies support the direction of the proposal. Few comments are addressed as follows, 
@ZTE, OPPO, SS, TCL, Ericsson : majority is ok with the proposal and dynamic indication is not rulled out yet. So, it can be further discussed depending on IIOT discussion or RAN guidance. 

Proposal 2.6: 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 depending on the outcome of Rel-17 IIoT discussion.  

Please comment preferred changes below. Please do not edit the draft proposal above and suggest your modification (if any) in the comments.  
	Company
	Comments

	
	

	
	

	
	

	
	







2.7	Additional high priority proposals
In this FL summary, we have not included any FL proposals based on certain other directions suggested by one or two companies (for example, TA related enhancements). Such proposals are identified either not crtical for the basic design framework or can be discussed in a later stage once the basic framework is agreed. Please see the full list of company contribution proposals in Section 4. If companies wish to bring any additional aspects related to PUCCH during RAN1 #103-e, please comment below.  
Please indicate any other high priority items that companies wish to discuss in RAN1#103-e. Please note that detailed technical proposals may not be possible to agree, thus, keep your proposal in high-level.  
	Company
	Comments

	CATT
	We suggest to discuss the supported numbers for PUCCH repetition in this meeting.  

	Lenovo/MotM
	Frequency hopping should be applied per beam/TRP for inter-slot PUCCH repetition.

	QC
	We suggest to discuss and list some alternatives/options when inter-slot frequency hopping is enabled for scheme 1 (i.e. how frequency hops are mapped to different repetitions in scheme 1 given the mapping of repetitions to beams in Proposal 2.4).

	
	

	
	

	
	

	
	

	
	

	
	



3. [bookmark: _Hlk47958488]Proposals for online/offline discussion on PUSCH 
[bookmark: OLE_LINK43][bookmark: OLE_LINK35][bookmark: OLE_LINK44][bookmark: OLE_LINK34]3.1	Support for multi-DCI PUSCH 
Several companies discuss the open point “Further study multi-DCI based PUSCH transmission/repetition scheme(s) to identify potential gains and required enhancements” and propose to support multi-DCI based PUSCH transmission/repetition schemes. 

Multi-DCI based PUSCH transmission/repetition schemes
· Support: FW, Vivo, ZTE, SS, CMCC, Ericsson, LG, DCM
· No: MTek, Intel 

At least there was no clear justification why multi-DCI based PUSCH transmission/repetition is not suitable and from FL perspective it is proposed to support.

[Draft for offline] Proposal 3.1: For M-TRP PUSCH reliability enhancement, support multi-DCI based PUSCH transmission/repetition scheme(s). 

Next level of details can be discussed after agreeing on the above. 

Please comment preferred changes below. Please do not edit the draft proposal above and suggest your modification (if any) in the comments.  
	Company
	Comments

	Lenovo/MotM
	Support. In order to support this, multi-DCI based PUSCH transmission without repetition should be first studied which is the baseline for the multi-DCI based PUSCH repetition.

	MediaTek
	We do not support the proposal. Since the multi-TRP gain is apparent only when the channel qualities towards two TRPs are similar, we do not see the need of flexible resource allocation or distinct MCS for each TRP. We think most of DCI fields can be the same in two DCIs except precoding information and power control parameters. Therefore, it increases DCI overhead and UE complexity unnecessarily.

	NTT Docomo
	We support FL’ proposal.

	QC
	We are open to discuss multi-DCI further. However, before agreeing to support it in general, we would like to define the scope and specific enhancements from the supporting companies. We can list some items for further study for more accurate analysis in the next meeting. 

	ZTE
	Support in principle. However, we think multiple PUCCH repetitions should be within the same active BWP. Otherwise, there are many issues, like BWP switching time should be addressed, and cause more latency and spec complexity. So we propose 
Proposal 3.1: For M-TRP PUSCH reliability enhancement, support multi-DCI based PUSCH transmission/repetition scheme(s), where multiple repetitions should be in the same active BWP.

	Apple
	Do not support the proposal. We should finish single-DCI first, and if time permits we can start to think about other optimization schemes. Compared to multi-DCI scheme, we think two-stage DCI would be better.

	OPPO
	Not support. From our understanding, the main use case for multi-DCI based schemes is eMBB. Thus, we only need to consider single-DCI based scheme for reliability 

	Fujitsu
	We do not support the proposal. We suggest to focus on single DCI based PUSCH repetition at this stage.

	Xiaomi
	We are open to this discussion, but the support of multi-DCI approach may need to be deprioritized.

	vivo
	Support the proposal.
Multi-DCI based PUSCH can be implemented with minimal spec impact. Existing signaling can support PUSCH repetition straightforwardly, just with some newly defined DCI interpretation and UE behavior. Some items to be discussed are listed below:
1. How to identify same TB and ensure same TB size and BG
2. How to transmit including timeline restriction, beam pattern and other issues similar to S-DCI

	Samsung
	Support FL’s proposal.

	Huawei, HiSilicon
	We prefer to finish the discussion on single-DCI based solution first.


	TCL
	Support the proposal. Multi-DCI based PUSCH can be implemented with minimal spec impact.

	APT
	We are open to discuss multi-DCI based PUSCH. However, we agree that multi-DCI approach can be deprioritized.

	Nokia
	Support the proposal in principle.
We can also be OK to study further the support (or not) of multi-DCI

	Ericsson
	We support FL’s proposal.

	Futurewei
	Support the FL’s proposal.
In our view, the M-DCI approach can be applied to more deployment scenarios, such as when the TRPs are not connected with fast backhaul. In addition, M-DCI to schedule M-TRP PDSCH has already been standardized in Rel-16, and for the scenarios where M-DCI is used for PDSCH scheduling, it is natural to schedule PUSCH with M-DCI but unreasonable to restrict to use only S-DCI for PUSCH. Hence, M-DCI approach should be supported.

	Intel
	Not support, we can further study. The scope, URLLC use-cases or motivation is not clear.



3.2	Single DCI based PUSCH repetition
In the last meeting, most of the agreements that made were on the single DCI based PUSCH repetition Type A and B. Companies provided more details considering aspects mentioned in the following agreement. 
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.

3.2.1	Codebook/non-codebook based PUSCH repetition 
Most of the companies are supportive of codebook based multi-TRP PUSCH repetition schemes. Different flavours of proposals are summarized as below. 

· Support the indication of two SRIs – Apple, FW, Vivo, Mtek, Oppo, Ericsson, ZTE, Spreadtrum, Xiaomi, DCM, Covinda, Nokia, QC, Fraunhofer, CATT, LG
· Bit field of SRI shall be enhanced – Vivo, Mtek, CATT, Xiaomi, DCM, Nokia, QC
· No change of SRI field – ZTE, Spreadtrum, Nokia

· Support the indication of two TPMIs – Apple, FW, Vivo, CATT, HW, Mtek, Oppo, Ericsson, ZTE, Spreadtrum, Xiaomi, DCM, Nokia, QC, Fraunhofer, LG
· The number of layers of all PUSCH repetitions is the same – ZTE, QC, Mtek
· The maximum number of transmission layers is up to 2 per transmission occasion /per panel —Xiaomi

[Draft for offline] Proposal 3.2: 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 
· FFS: Details on indicating two TPMIs


Please comment preferred changes below. Please do not edit the draft proposal above and suggest your modification (if any) in the comments.  
	Company
	Comments

	CATT 
	As for the indication of two SRIs in codebook-based case, either one SRS resource with 2 spatial relations or indication of two SRS resources can be applied in codebook based PUSCH. 

	Lenovo/MotM
	Support the proposal while Alt 1 is preferred.

	MediaTek
	Support

	NTT Docomo
	We support FL’s proposal.


	QC
	For the SRI part, does the fact that two SRIs are indicated means that two SRS resource sets are needed? We think two SRS resource sets is necessary for both codebook-based and non-codebook based PUSCH.

	ZTE
	Support in principle. However, the dynamic switching between single-TRP and multi-TRP should be supported. In such cae, Alt2 seems impossible. Thus, we suggest 

Proposal 3.2: For single DCI based M-TRP PUSCH repetition schemes, support codebook based PUSCH transmission with following enhancements. 
· Support the indication of one or two SRIs. 
· Alt1: Bit field of SRI shall be enhanced. 
· Alt2: No changes on SRI field 
· Support the indication of one or two TPMIs. 
· The same number of layers are applied for both TPMIs 
· FFS: Details on indicating two TPMIs


	Apple
	Support the proposal.

	OPPO
	Support FL’s proposal

	Fujitsu
	Support

	Xiaomi
	Support the proposal with alt.1 preferred. Comparing with R16 PDSCH scheme 4, we think up to 2 layers per repetition is reasonable for the uplink, so we suggest to add:

Proposal 3.2: 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 of up to 2 are applied for both TPMIs 
· FFS: Details on indicating two TPMIs


	vivo
	Support the proposal.
We have similar views as ZTE on the number of SRI/TPMIs. Additionally, more restrictions are needed, such as same number of SRS ports and same full power features indicated by two SRIs

Proposal 3.2: For single DCI based M-TRP PUSCH repetition schemes, support codebook based PUSCH transmission with following enhancements. 
· Support the indication of one or two SRIs. 
· Alt1: Bit field of SRI shall be enhanced. 
· Alt2: No changes on SRI field 
· Support the indication of one or two TPMIs. 
· The same number of layers are applied for both TPMIs 
· The number of SRS ports and full power mode between two TRPs should be same.
· FFS: Details on indicating two TPMIs, such as one TPMI field or two TPMI fields, etc.


	Samsung
	As commented by FL in Proposal 3.3, it needs to consider increasing # of SRS resource sets for codebook based PUSCH. We suggest to point out that enhancements as well in the proposal as follows:

Proposal 3.2: 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 
· FFS: Details on indicating two TPMIs
· Support extending the number of SRS resource sets to two for codebook based PUSCH
· FFS: configuration details of each SRS resource sets, e.g., number of SRS resources in a resource set

	Huawei, HiSilicon
	Support the proposal in principle. However, Alt 2 seems confusing to us, as anyway SRI field need to be changed if two SRS are indicated.

	TCL
	Support the proposal. We are generally ok with vivo’s revision.

	Fraunhofer
	Support the revision for the 2nd bullet regarding the TPMIs from vivo and the addition of the 3rd bullet from Samsung for the increase of the number of SRS resource sets to two.

	APT
	We support FL’s proposal. Besides, we have similar comment as QC, i.e., two SRS resource sets are needed for both CB and NCB based PUSCH transmission in multi-TRP.

	Nokia
	Support the proposal

	Ericsson
	We agree with the comments from Qualcomm.  We think multiple SRS resource sets is necessary for both codebook-based and non-codebook based PUSCH.  We can support the proposal if the following bullet is added:
Increase the number of SRS resource sets to two with usage set to codebook

	Futurewei
	Support the FL’s proposal.

	Intel
	Support, the proposal in principle. Propose to add modifications from ZTE, Vivo and Xiaomi. 



Several companies (CATT, Fraunhofer, SS, Ericsson, QC, HW, Xiaomi, Covinda, Oppo, Spreadtrum) also showed the interest in supporting non-codebook based multi-TRP PUSCH repetition schemes. It was mentioned that the SRI field in R15 could be reused to indicate two beams/SRIs for repetitions (HW). There is also good number of companies supporting to increase the number of codebook and non-codebook-based SRS resource sets for multi-TRP based PUSCH repetition (SS, Ericsson, QC, Fraunhofer). HW, Ericsson, Spreadtrum, Xiaoomialso propose on supporting two associated NZP CSI-RS resources via increasing the number of SRS resource sets for noncodebook-based PUSCH to two. However, details are still not provided by the majority of companies. Based on these, the following is proposed, 

[Draft for offline] Proposal 3.3: For single DCI based M-TRP PUSCH repetition schemes, support non-codebook based PUSCH transmission with following considerations. 
· Increase the 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 

Please comment preferred changes below. Please do not edit the draft proposal above and suggest your modification (if any) in the comments.  
	Company
	Comments

	CATT
	Support this proposal.

	Lenovo/MotM
	Support.

	MediaTek
	Support

	NTT Docomo
	We support FL’s proposal.

	QC
	Support the proposal. As mentioned above, we think this enhancement (two SRS resource sets) is also applicable to codebook-based PUSCH. This is because different SRS resources in the same set cannot have different power control parameters. 

	ZTE
	Non-codebook is not well deployed yet, we prefer to focus on codebook based PUSCH discussion first and deprioritize the enhancement on non-codebook based PUSCH. If time is allowed in Rel-17, the discussion can be continued after codebook related enhancement is finalized. 

	OPPO
	Support FL’s proposal

	Fujitsu
	Support

	Xiaomi
	Support the proposal, and same view with QC 

	vivo
	Support.

	Samsung
	As in Proposal 3.2, we want to point out the configuration details for extended SRS resource set. Suggest to add the following bullet in the proposal:

FFS: configuration details of each SRS resource sets, e.g., number of SRS resources in a resource set

	Huawei, HiSilicon
	Support the proposal.

	TCL
	Support the proposal.

	Fraunhofer
	Support the proposal from FL

	APT
	Support

	Nokia
	Support the proposal 

	Ericsson
	Support FL’s proposal.

	Futurewei
	Support the FL’s proposal.

	Intel
	Support



3.2.2	Beam Mapping
Several companies provided inputs on beam mapping for PUSCH repetitions considering both repetition Type A and Type B. 
For PUSCH repetition Type A, majority of companies (HW, Fujitsu, CATT, CMCC, Fraunhofer, Lenovo, MTek, Spreadtrum, Convida, APT, DCM, Ericsson, QC) seems ok with supporting both sequential and cyclical mapping principles. Intel discussing some minor variations on beam hopping together with that. Also, for PUSCH repetition Type B, there is good support (HW, vivo, Fujitsu, CATT, CMCC, Apple, Fraunhofer, Lenovo, MTek, Intel, APT, Spreadtrum, Convida, DCM, Ericsson, QC) on both cyclical and sequential mapping methods. Half-Half was suggested by a few companies, and no evaluations found on supporting that. Several companies also propose to consider a configurable pattern or multiple patterns. On multiple patterns, Nokia and Xiaomi proposes configuring more than one beam mapping patterns and selecting a pattern via DCI.  
[Draft for offline] Proposal 3.4: For single DCI based M-TRP PUSCH repetition Type A and B, allow the possibility to configure cyclic mapping and/or sequential mapping of UL beams to PUSCH repetitions (Type A) or nominal/actual repetitions (Type B). 
· FFS: further study the default mapping pattern

Please comment the necessity and preferred changes below. Please do not edit the draft proposal above and suggest your modification (if any) in the comments.  
	Company
	Comments

	Catt
	Support this proposal.

	Lenovo/MotM
	Support.

	MediaTek
	Support

	NTT Docomo
	We support FL’s proposal.

	QC
	Support the proposal.

	ZTE
	We propose to postpone agreeing this proposal, and discuss whether symbol gap is needed between two PUSCH beams first. If the gap is not needed, we agree above proposal. However, if the gap with one or more symbols are needed between two PUSCH beams, we prefer half-to-half mapping, i.e. the first half PUSCH repetitions and the last half PUSCH repetitions correspond to two beams respectively for the purpose of saving beam switching times.

	Apple
	Do not support the proposal. Sequential mapping should be enough. UL coverage is a big issue and sequential mapping can be helpful to enable cross-slot channel estimation.

	OPPO
	We prefer sequential mapping from the perspective of UE implementation. 

	Fujitsu
	Support

	Xiaomi
	We prefer multiple beam mapping patterns configurable by RRC and indicated by DCI, since the most appropriate beam mapping pattern is quite related to the scheduled resource allocation. This gives flexibility for the network to choose the one most suitable for the current transmission especially for repetition type B. We suggest to discuss more about this, also including the issue as ZTE mentioned above.

	vivo
	Support with following update because whether beam mapping to nominal or actual repetitions has not been decided yet.

Proposal 3.4: For single DCI based M-TRP PUSCH repetition Type A and B, allow the possibility to configure cyclic mapping and/or sequential mapping of UL beams to PUSCH repetitions (Type A) or nominal/actual repetitions (Type B). 
FFS: further study the default mapping pattern, including the mapping unit for Type B.

	Samsung
	Support FL’s proposal.

	Huawei, HiSilicon
	Support the main bullet. But the default mapping pattern in sub-bullet seems not necessary to us, therefore we propose to remove it:
[Draft for offline] Proposal 3.4: For single DCI based M-TRP PUSCH repetition Type A and B, allow the possibility to configure cyclic mapping and/or sequential mapping of UL beams to PUSCH repetitions (Type A) or nominal/actual repetitions (Type B). 
· FFS: further study the default mapping pattern


	TCL
	Support the proposal.

	Fraunhofer
	Support the proposal

	APT
	Support 

	Nokia
	Support the proposal.
We think that the beam mapping could be configurable (and indicated dynamically to the UE)
We are also OK with ZTE’s suggestion on discussing whether a time gap is required for beam switching

	Ericsson
	Ok to support FL’s proposal.

	Futurewei
	Support the FL’s proposal.

	Intel
	We think for Type A cyclical is sufficient



Further discussion on PUSCH repetition Type B beam mapping is also provided by companies. On the beam mapping of actual vs nominal repetitions, company views are the following. 
· Actual repetitions: Huawei, Intel, APT, Sharp (at least), Convida, Nokia
· Nominal repetitions: Fujitsu, CATT, CMCC, OPPO, Apple, MediaTek, APT, DOCOMO, Ericsson, QC
[Draft for offline] Proposal 3.5: For single DCI based M-TRP PUSCH repetition Type B, down select the beam mapping from the following alternatives. 
· Alt.1 nominal repetitions are used to map beams 
· Alt.2 Actual repetitions are used to map beams 

Please comment the necessity and preferred changes below. Please do not edit the draft proposal above and suggest your modification (if any) in the comments.  
	Company
	Comments

	CATT
	For PUSCH repetition Type B, nominal repetitions are used for beam mapping.

	Lenovo/MotM
	Support the proposal while Alt.1 is preferred.

	MediaTek
	We prefer Alt. 1. Since the duration of blockage is not expected to be very short, we do not see the need of switching beams within one nominal repetition.

	NTT Docomo
	We support FL’s proposal.

	QC
	We support Alt1. Beam cannot be mapped to actual repetitions as a unit for power control is a nominal repetition in Rel. 16:
Section 7, 38.213: For a PUSCH transmission with repetition Type B, a PUSCH transmission occasion is a nominal repetition
Section 7.1.1, 38.213: [image: ] is a number of subcarriers excluding DM-RS subcarriers and phase-tracking RS samples [4, TS 38.211] in PUSCH symbol [image: ] and assuming no segmentation for a nominal repetition in case the PUSCH transmission is with repetition Type B 

	ZTE
	We propose to discuss whether symbol gap is needed between two PUSCH beams first.

	Apple
	Support Alt1. Power control is based on nominal repetitions, so it should be aligned with power control.

	Fujitsu
	Support the proposal. We prefer nominal repetition (Alt.1).

	Xiaomi
	We prefer this as part of the configurable mapping pattern, and for different cases the appropriate one can be indicated by DCI among a number of configured choices.

	vivo
	As observed in our contribution, beam switching based on slot level can satisfy different configuration of UEs in same cell.
When frequency hopping is enabled and PUSCH repetition is TypeA, if repetition number is more than 1, there is no difference for beam switching based on slot level or frequency hopping level. Considering some UEs in same cell are configured with inter-slot frequency hopping, gNB would expect a unified pattern for analog beam switching, then beam switching based on common slot level is a good choice.
When frequency hopping is enabled and PUSCH repetition is TypeB, two frequency hopping patterns are defined: inter-slot frequency hopping and inter-repetition frequency hopping. First, actual repetition should be precluded as the above analysis. Beam switching based on nominal repetition and slot repetition can be further studied. If considering some UEs are configured different frequency hopping and repetition Type, slot level is the best scheme for beam switching granularity.
Of course, we can redefine the power control for the repetitions if multiple beam transmission is enabled.
Therefore, we suggest to add another Alt:
Proposal 3.5: For single DCI based M-TRP PUSCH repetition Type B, down select the beam mapping from the following alternatives. 
· Alt.1 nominal repetitions are used to map beams 
· Alt.2 Actual repetitions are used to map beams
· Alt.3 each slot is mapped to one of the two beams.


	Samsung
	Support Alt1.
Alt2 causes some TRP to receive a TB with code rate > 1, which cannot be decodable unless inter-TRP combining is supported. Note that combining is optional for even UE side (e.g. FDMSchemeB), and mandating inter-TRP combining greatly reduces NW flexibility.

	Huawei, HiSilicon
	Support the proposal.

	TCL
	Support the proposal. We prefer nominal repetition (Alt.1).

	APT
	We support FL’s proposal.

	Nokia 
	Support both actual and nominal repetitions where gNB shall have the possibility for configuring the beams mapped to actual repetition or nominal repetition. 


	Ericsson
	Support FL’s proposal.

	Futurewei
	Support the FL’s proposal, and can further discuss the alternatives.

	Intel
	Support



3.2.3	Power Control
Similar to PUCCH discussion, companies seem to be supportive of having two sets of power control parameters (independent power control) for PUSCH repetition. Additionally, few companies suggest on further enhancing the TPC command for TRP specific close loop power control. Different alternatives to enhance TPC command are suggested for further study in ZTE, Nokia contributions. 

[Draft for offline] Proposal 3.6: For multi-TRP PUSCH repetition schemes, 
· Support separate power control parameters for different TRP via associating power control parameters with independent SRS resource sets (both codebook and non-codebook). 
· For per TRP closed-loop power control for PUSCH, further study the following alternatives. 
· Option.1: A single TPC field is used, and the TPC value applied for both PUSCH beams
· Option.2: A single TPC field is used, and the TPC value applied for one of two PUSCH beams
· Option 3: A second TPC field is added in DCI.

Please comment preferred changes below. Please do not edit the draft proposal above and suggest your modification (if any) in the comments.  
	Company
	Comments

	MediaTek
	We prefer Option 3.

	NTT Docomo
	We support FL’s proposal and prefer option 3.

	QC
	Support the proposal in principle. For the TPC part, we think the options are applicable only in the case that the two power control parameters have different closed loop indices (network can configure them to be the same or different). Also, it would be good to clarify the DCI format that includes the TPC commands. Our understanding is that the discussion is for non-fallback UL DCI formats (0_1 / 0_2). Hence, we suggest:
· 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
· Option 3: A second TPC field is added in DCI formats 0_1 / 0_2.


	ZTE
	The same comment in section 2.5

	Apple
	Do not support the first bullet. The power control parameters should still be associated with the indicated SRIs.
For closed-loop power control, we support option 1. The benefit to enhance it is minor, since the case to have different TPC indication for different beams is not typical, but if we optimize such case by introducing additional DCI overhead, it would cause performance degradation. So at least option 3 should be removed.

	OPPO
	Support the proposal in principle. Details can be discussed further.

	Fujitsu
	We prefer Option 1.

	Xiaomi
	We prefer optionl.3 for OLPC.

	vivo
	Similar to PUCCH repetition, we propose to add another option:
Option 4: a single TPC field is used, and a TPC codepoint indicates two TPC values applied to two PUCCH beams respectively.

	Samsung
	Support FL’s proposal in principle.
Besides, we want to add an FFS point for beam switch timing and power ramping time, which needs to be considered when two adjacent PUSCHs are transmitted and their beam/power are different. So, we suggest the following modification

Proposal 3.6: For multi-TRP PUSCH repetition schemes, 
· Support separate power control parameters for different TRP via associating power control parameters with independent SRS resource sets (both codebook and non-codebook). 
· For per TRP closed-loop power control for PUSCH, further study the following alternatives. 
· Option.1: A single TPC field is used, and the TPC value applied for both PUSCH beams
· Option.2: A single TPC field is used, and the TPC value applied for one of two PUSCH beams
· Option 3: A second TPC field is added in DCI.
· FFS: Timing for UL beam switch and power ramping across PUSCH repetitions

	Huawei, HiSilicon
	We support separate power control parameters for different TRP via associating power control parameters with independent SRS resource sets (both codebook and non-codebook).

	TCL
	We support the proposal and prefer option 3.

	Fraunhofer
	Support addition of option 4 from vivo with a single TPC field mapping to two TPC commands.

	APT
	We support FL’s proposal.

	Nokia
	Support the proposal. 
We have a (slight) preference towards Option 3

	Ericsson
	Support FL’s proposal.  Also good to add option 4 suggested by ViVO

	Futurewei
	Support the FL’s proposal with Option 3

	Intel
	Support, also support Vivo’s proposal



3.3	Other proposals 
In addition to the main directions mentioned in sections 3.1-3.2, there are other proposals from companies. Apple suggesting supporting of configuring 2 SRIs/TPMIs for CG PUSCH. Lenovo mentioned that the repetition enhancement of CG PUSCH should wait after the repetition enhancement of DG PUSCH is completed. TCL and Vivo support both type 1 and type 2 CG PUSCH transmission towards MTRP, where repetitions of a TB can be transmitted on multiple CG type 1 and type 2 PUSCH transmission occasions towards MTRP. Ericsson is also supporting at least CG PUSCH type 2, and support of Multi-TRP reliability for CG PUSCH type 1 mentioned to be further discussed. 

Going into further details, Samsung introduces enhanced timing relationship between SRS and CG PUSCH to allow automatic beam update for the CG PUSCH in order to follow the configured/activated spatial relation for SRS. Nokia suggesting to study low overhead mechanisms for the TX beam selection for multi-TRP CG PUSCH. TCL has proposals on studying the association between configured grant PUSCH and TRP and out-of-order scheduling for multiple PUSCHs that include configured grant PUSCH. In any case, these seem to be the second level of details. 

[Draft for offline] Proposal 3.7: Support both type 1 and type 2 CG PUSCH transmission towards MTRP.
· Repetitions of a TB can be transmitted on multiple CG type 1 and type 2 PUSCH transmission occasions towards MTRP.
· At least for codebook based CG PUSCH, support configuring 2 SRIs/TPMIs. 
· Beam mapping principals are reused from DG PUSCH repetition schemes.


Please comment preferred changes below. Please do not edit the draft proposal above and suggest your modification (if any) in the comments.  
	Company
	Comments

	Lenovo/Moto
	Support.

	MediaTek
	Support

	NTT Docomo
	We suggest to clarify that repetitions of a TB are transmitted on PUSCH transmission occasions of multiple CG configurations or single CG configuration. And they can be different alternatives.
Thus, we suggest following modifications.
[Draft for offline] Proposal 3.7: Support both type 1 and type 2 CG PUSCH transmission towards MTRP. Following alternatives can be further studied.
· Alt.1. Repetitions of a TB can be transmitted on multiple CG type 1 and type 2 PUSCH transmission occasions of single CG configuration towards MTRP.
· At least for codebook based CG PUSCH, support configuring 2 SRIs/TPMIs. 
· Beam mapping principals are reused from DG PUSCH repetition schemes.
· Alt.2. Repetitions of a TB can be transmitted on multiple CG type 1 and type 2 PUSCH transmission occasions of multiple CG configurations towards MTRP.
1 SRI/TPMI is configured/indicated for each CG configuration.

	QC
	Support the main bullet, and the third sub-bullet. We think once the details for the dynamic PUSCH are more clear, extending them to CG PUSCH is straightforward.
Another direction is to consider repetition in different CG configurations (as proposed by e.g. vivo and mentioned by DCM above). We think it would be good to study that as additional direction.

	ZTE
	It is sufficient to support the main bullet in this meeting. For other details, more discussions are needed. For example, it seems the first sub-bullet and the second sub-bullet are the two parallel solutions, do we need both of them ?

	Apple
	Support the proposal

	OPPO
	Support at least type 2 CG PUSCH transmission toward MTRP as it can follow the similar design of DG PUSCH schemes. Further study needed for the support of type 1. 

	Fujitsu
	Support

	Xiaomi
	Support the proposal

	vivo
	The proposal is not clear to us. Is configuring 2 SRIs/TPMIs in the second sub-bullet configured for each CG for multiple CG?
The proposal can be revised to:

Proposal 3.7: Support both type 1 and type 2 CG PUSCH transmission towards MTRP.
· Support Rrepetitions of a TB can be transmitted on multiple CGs type 1 and type 2 PUSCH transmission occasions towards MTRP, reusing Rel-15/16 CG configuration or activation.
· FFS: At least for codebook based CG PUSCH, support configuring 2 SRIs/TPMIs. 
· Beam mapping principals are reused from DG PUSCH repetition schemes.


	Samsung
	We think the third bullet needs to be revised, since beam mapping rules for DG PUSCH can be reused only at the time of activation for type II CG PUSCH. For subsequent CG PUSCHs, beam mapping of DG PUSCH cannot be applied directly since in DG PUSCH, beams are indicated dynamically at each scheduling moment while CG PUSCH cannot.
Hence, we suggest the following modification:

Proposal 3.7: Support both type 1 and type 2 CG PUSCH transmission towards MTRP.
· Repetitions of a TB can be transmitted on multiple CG type 1 and type 2 PUSCH transmission occasions towards MTRP.
· At least for codebook based CG PUSCH, support configuring 2 SRIs/TPMIs. 
· FFS: Indication of Beam beam for CG PUSCHs transmitted at different times, and its mapping principals are reused from DG PUSCH repetition schemes. 


	Huawei, HiSilicon
	Solution for DG based PUSCH transmission should be reused for CG PUSCH transmission as much as possible. So we can come back after we finish the issues for DG.

	TCL
	Support the proposal. We think at least type 2 CG PUSCH transmission is supported.

	Nokia
	Support the proposal in principle.
We are also OK with the intention of Samsung’s suggestion above 

	Ericsson
	Support FL’s proposal.

	Intel
	Prefer to support only main bullet and further details can be studied including alternatives from DOCOMO



3.4	Additional high priority proposals
Other proposals are not yet included as the main intention of this discussion is agree on the basic framework for further discussion. Please see the full list of company contribution proposals in Section 4. If companies wish to bring any additional aspects related to PUSCH during RAN1 #103-e, please comment below.  
Please indicate any other high priority items that companies wish to discuss in RAN1#103-e. Please note that detailed technical proposals may not be possible to agree, thus, keep your suggestion in high-level.  
	Company
	Comments

	CATT
	We suggest to discuss the supported numbers for PUCCH repetition in this meeting.  

	Lenovo/MotM
	Frequency hopping should be applied per beam/TRP for PUSCH repetitions.

	QC
	We suggest to discuss and list some alternatives/options when inter-repetition frequency hopping is enabled (i.e. how frequency hops are mapped to different repetitions given the mapping of repetitions to beams in Proposal 3.4).
Also, we suggest to discuss mapping RVs to repetitions. This can follow similar procedures as we have for PDSCH scheme 4 in Rel. 16. We would be also ok to discuss this part in the next meeting given the number of proposals.

	Apple
	We suggest we disucss the PT-RS to DMRS port association for each repetition.

	Xiaomi
	Suggest to discuss the number of repetitions and the mapping of RVs. 

	vivo
	To support single DCI based PUSCH towards M-TRP, we also think PTRS-DMRS association field needs to be enhanced.

	Nokia 
	We suggest discussing whether there will be a need for beam switching (time) gap(s), particularly for PUSCH repetition Type B, and if so, how to account for such gap.

	Ericsson
	One issue we would like to highlight is A-CSI multiplexing on PUSCH over multiple TRPs.  In NR up to Release 16, aperiodic CSI report is multiplexed only once with PUSCH even when PUSCH is repeated (i.e., A-CSI is multiplexed with PUSCH in the first PUSCH). If the A-CSI report is not correctly decoded by the gNB, the gNB discards the report and triggers UE for another A-CSI report. If the A-CSI is transmitted by the UE in a slot when the channel between the UE and a TRP is blocked, then the A-CSI cannot be received with sufficient quality and decoding of the A-CSI will fail at the gNB.  Hence, we think it is beneficial to study the following:
[bookmark: _Toc54396654]Proposal:      Study A-CSI multiplexing on multiple PUSCHs targeting multiple TRPs in NR Rel-17 to improve A-CSI reliability.



	Futurewei 
	We suggest to discuss the TA offsets for transmissions to different TRPs. 
As seen above, the transmissions to different TRPs need to have different beams, power control settings, and many other parameters. Whether they should use different TA offsets should be discussed.
In addition, as analyzed in our contribution, the UL timing issue is a much more severe issue than DL timing issue. In other words, even if in DL, the M-TRP signals can be fit into one CP length, this will not be the case for UL in general. For example, if the DL timings at the UE side have a difference of 2 us, which may be within the CP length for 15 kHz SCS, the UL timing error seen at the TRP side may become 4 us, which is comparable to the CP length and can degrade the performance.
TA is a critical technical issue for UL transmissions and needs to be discussed. A conclusion is needed for M-TRP UL TA in 3GPP.

	Huawei/HiSilicon
	In last meeting, there was an agreement on whether to support two beams within one repetition: 
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

[Draft for offline] Proposal 3.X: For single DCI based M-TRP PUSCH reliability enhancement, support PUSCH transmission without repetition by multiple TPMI/SRI.




4. Summary of Technical proposals
4.1	Proposals on PUCCH
	Company
	Proposals 

	FutureWei
	Proposal 2: To enable TDMed PUCCH transmissions with different multiple spatial relation info, consider:
-	Option 1: multiple separate PUCCH resources, each associated with one spatial relation info; or
-	Option 2: one PUCCH resource with multiple spatial relation info. 
Option 1 should be supported.
Proposal 3: For M-TRP PUCCH power control, configure multiple separate sets of PUCCH power control parameters, each set associated with one TRP and including TRP-specific open-loop parameters, closed-loop parameters, and spatial relation info and/or pathloss RS.
Proposal 4: For M-TRP PUCCH repetition configuration/indication, reuse Rel-15 like framework and extend to all PUCCH formats.
Proposal 5: For M-TRP PUCCH repetition, support Alt1 for both inter-slot repetition and intra-slot repetition / intra-slot beam hopping.

	Huawei
	Proposal 11: For TDMed PUCCH scheme with multi-TRP/panel reception, support Alt. 1, i.e. both inter-slot repetition and intra-slot repetition / intra-slot beam hopping. 
· Intra-slot repetition can be used for all PUCCH formats.
· Intra-slot beam hopping can be used for PUCCH format 1/3/4 with frequency hopping.
Proposal 12: Support to use one PUCCH resource for multi-TRP based PUCCH transmission.
Proposal 13: For configuration/indication of the number of PUCCH repetitions, support to use Rel-15 liked framework, i.e., Alt. 1.

	InterDigital
	Proposal 2: Support dynamic indication of the number of PUCCH repetitions (Alt2).
Proposal 3: Support both inter-slot repetition and intra-slot repetition / intra-slot beam hopping (Alt.1).

	VIVO
	Proposal 14:	Support same PUCCH resource for PUCCH repetition with two spatial relations configured by higher layer signaling or by MAC CE activation.
Proposal 15:	Support intra-slot PUCCH repetition based on sub-slot configuration.
Proposal 16:	For PUCCH enhancement in MTRP, support independent power controls for PUCCH repetitions to different TRPs.

	ZTE
	Proposal 3: To enable TDMed PUCCH transmission with different beams, support activating two spatial relation for one PUCCH resource at the same time by MAC-CE.
Proposal 4: When multiple beams are configured or activated to one PUCCH resource, support beam switching among multiple PUCCH repetitions or multiple frequency hops of one PUCCH repetition. 
Proposal 5: Support separate power control parameters for the multiple PUCCH beams. For close loop power control for PUCCH, one of the following three options is supported.
· Option.1: A single TPC value is used in one DCI for both PUCCH beams
· Option.2: A single TPC value is used in one DCI for one of two PUCCH beams
· Option 3: Add one more TPC command field in DCI.
Proposal 6: Support dynamical indication of the number of PUCCH repetitions, by reusing the existing DCI field, e.g. DCI field ‘PUCCH resource indicator’ or ‘PDSCH-to-HARQ_feedback timing indicator’. 
Proposal 7: Support both inter-slot repetition and intra-slot PUCCH repetition.

	Fujitsu
	Proposal 3: For the TDMed PUCCH schemes for multi-TRP enhancement, support Alt-1:
· both inter-slot repetition and intra-slot repetition/intra-slot beam hopping

	TCL communications
	Proposal 2: Alt.2 is supported and MAC CE can be a feasible method to indicate the number of PUCCH repetitions.
Proposal 3: For configuration/activation of multiple PUCCH spatial relation info, different PUCCH resources for PUCCH transmission should be supported.
Proposal 4: The default spatial relation for PUCCH transmission in multi-TRP scenario should be studied when the spatial relation of a PUCCH resource is not configured.
Proposal 5: Alt.1 is supported to reduce the feedback latency and improve the reliability.
Proposal 6: For the starting symbol of intra-slot PUCCH repetitions, the reference point for each repetition should be studied. 
Proposal 7: Regarding the reference point for the starting symbol of the second and the remaining repetitions, the end of the last repetition or the beginning of a dedicated symbol can be regarded as the reference point. 
Proposal 8: If multiple PUCCHs of intra-slot PUCCH repetitions overlap with a same PUCCH in multiple sub-slots, only the PUCCH with an earlier starting symbol is taken into account when compared with other PUCCH in the starting symbol.

	MediaTek
	Proposal 5: TA enhancement is not further discussed in Agenda “Enhancements on Multi-TRP for PDCCH, PUCCH and PUSCH”.
Proposal 6: Use of multiple PUCCH resources to repeat the same UCI is not supported in R17.
Proposal 7: Inter-slot repetition using multi-TRP is supported by single PUCCH resource and only for PUCCH formats 1, 3, 4.
Proposal 8: Intra-slot beam hopping using multi-TRP is supported for all PUCCH formats, where encoding/rate matching is based on the first beam hop.
Proposal 9: Support dynamic indication of number of PUCCH repetitions, at least for inter-slot repetition.

	CATT
	Proposal 12: For PUCCH enhancement, the same resource with up to 2 activated spatial relations is preferred. 
Proposal 13: For PUCCH enhancement, cyclical/sequential mapping patterns can be applied, and different spatial relation info can be applied to different hop when frequency hopping is enabled
Proposal 14: TPC extension in DCI for independent PUCCH power control corresponding to either spatial relation info can be considered for PUCCH enhancement.
Observation 2: Reliability of PUCCH format 1 can be further improved with repetition numbers of 10 and 12 compared with 8 repetitions. 
Proposal 15: Up to 16 repetitions can be considered for PUCCH to further improve the reliability.

	CMCC
	Proposal 6: Support both inter-slot PUCCH repetition and intra-slot PUCCH repetition.
Proposal 7: MAC CE could be enhanced to indicate two PUCCH SpatialRelationInfo for each PUCCH resource.
Proposal 8: Both cyclical mapping and sequential mapping could be considered for PUCCH SpatialRelationInfo mapping to PUCCH repetitions.
Proposal 9: Group common DCI could be enhanced to support independent TPC command indication for different repetitions of PUCCH.

	Samsung
	Proposal 7. Support multi-TRP based PUCCH/PUSCH repetition by using single-DCI based framework as a starting point.
Proposal 8. Support the use of multiple PUCCH resources for multi-TRP based PUCCH repetition.
Proposal 9. Support short PUCCH format for multi-TRP based repetition.
Proposal 10. Support intra-slot level repetition for multi-TRP based PUCCH repetition
-	Introduce symbol level offset between PUCCH repetitions with power/beam changes

	Oppo
	Proposal 7: Enhance MAC-CE to support the indication of multiple spatial relations for PUCCH.
Proposal 8: Enhancement on TPC command can be considered to support power control per TRP.
Proposal 9: Support same PUCCH resource for PUCCH repetition.
Proposal 10: Support dynamic indication of repetition number for ACK/NACK and reuse Rel-15 like framework for CSI and SR.
Proposal 11: Support inter-slot and intra-slot repetition for TDM-based PUCCH enhancements.

	Sony
	Proposal 4: Support both intra-slot repetition with intra-slot beam utilization with flexible configurations for short PUCCH.
Proposal 5: Support inter slot repletion consist of same intra slot configuration of the repletion and the multi-beam utilization for short PUCCH.

	Apple
	Proposal 3-1: Support to configure up to 2 PUCCH resources multiplexed in TDMed manner for a UCI transmission.
Proposal 3-2: Support to reuse Rel-15 framework to indicate number of PUCCH repetition.

	LG
	Proposal 9: For MTRP PUCCH transmission, at least TA, power control parameters and spatial relation RS should be configured separately for different transmission occasion.
Proposal 10: For MTRP PUCCH transmission, support single PUCCH resource associated with multiple TA, power control parameters and spatial relation RSs and additionally consider configuration of multiple PUCCH resources
Proposal 11: Extend Rel-15 TDM based PUCCH repetition scheme for MTRP PUCCH enhancement. 
Proposal 12: If details on STRP based intra-slot PUCCH repetition is agreed in Rel-17 URLLC agenda item, discuss extension to MTRP as we do for inter-slot PUCCH repetition 
Proposal 13: TDM based single PUCCH scheme can be considered for both low latency and high reliability, additionally. 
Proposal 14: For dynamic indication of PUCCH repetition number, consider different range of repetition number depending on PUCCH resource or UCI payload.

	Nokia/NSB
	Proposal 2.1: For TDMed multi-TRP PUCCH repetition, different PUCCH resource allocations shall be used to carry repetitions of UCI.   
Proposal 2.2: For Rel-17 M-TRP PUCCH repetition schemes, supporting two PUCCH resources should be sufficient. 
Proposal 2.3: Study how to indicate two PUCCH resources at a time via DCI for the multi-TRP PUCCH repetition operation, considering mainly the following alternatives:
•	Alt.1: PRI field in DCI is used as a codepoint that points to two PUCCH resources
•	Alt.2: Introduce a DCI field to carry second PRI field to indicate the second PUCCH resource
Proposal 2.4: For the multi-TRP PUCCH repetition, the mapping between PUCCH repetition and spatial relation info (or PUCCH resource) shall be pre-configured to the UE via higher layer signaling. Mapping patterns may be defined similarly to the Rel-16 multi-TRP URLLC scheme 4 (cyclical, sequential patterns). 
Proposal 2.5: Study how to indicate two TPC commands via UE-specific PDCCH for multi-TRP PUCCH repetition operation, considering mainly the following alternatives: 
•	Alt.1: The current TPC field in DCI is used to indicate two TPC commands instead of only one.
o	A variant: increase the size of the TPC field by one bit to allow having eight instead of four possible combinations of TPC commands.
•	Alt.2: A second TPC field is added in DCI.
Proposal 2.6: Study how to indicate for a UE two TPC commands via group common PDCCH for multi-TRP PUCCH repetition operation. 
Proposal 2.7: As per RAN#89e guidance, deprioritize multi-TRP intra-slot repetition and considerations of PUCCH format 0 and 2 until the Rel-17 eURLLC discussions support those features. 
Proposal 2.8: For configuration/indication of the number of PUCCH repetitions, use Rel-15 like framework. RAN1 may further consider dynamic indication of the number of repetitions depending on the Rel-17 eURLLC WI discussion.  

	Lenovo/Motorola Mobility
	Proposal 14: Intra-slot repetition and inter-slot repetition should be supported in R17, and whether a PUCCH resource can be configured as intra-slot PUCCH repetition where the PUCCH resource is configured with slot based PUCCH transmission should be further clarified.
Proposal 15: A gap is needed between two hops when intra-slot beam hopping is applied and whether a PUCCH resource with intra-slot or inter-slot repetition can be configured with intra-slot beam hopping should be further studied.
Proposal 16: The method of handling the beam switching time of two adjacent PUCCH repetitions with different beam should be studied and selected from the two ways of dropping symbols of repetition(s) and delaying later repetition in R17.
Proposal 17: For UCI repetition with multiple PUCCH resources, the multiple PUCCH resources can be configured by RRC for periodic UCI, semi-persistent CSI, SR or HARQ-ACK corresponding to SPS PDSCH, while how to indicate multiple PUCCH resource by the scheduling DCI for HARQ-ACK with DCI scheduling should be further studied.
Proposal 18: The spatial relation information activation mechanism using MAC-CE for a PUCCH resource should be enhanced to be able to activate multiple spatial relation information for a PUCCH resource, and cyclical mapping pattern and sequential mapping pattern should be supported for a PUCCH resource with repetition in R17.
Proposal 19: Multiple sets of power control parameters should be configured to associate with multiple spatial relation information configured for a PUCCH resource with repetition.
Proposal 20: Support dynamic indication of the number of PUCCH repetitions.
Proposal 21: The inter-slot frequency hopping for inter-slot PUCCH repetition or inter-sub-slot frequency hopping for intra-slot PUCCH repetition should be able to obtain the frequency diversity of all links between UE and multiple TRPs.

	NEC
	Proposal 4: For TDMed PUCCH scheme, Alt. 1 (both inter-slot repetition and intra-slot repetition) should be supported.

	Intel
	Proposal-13: Support intra-slot repetition and inter-slot repetition for PUCCH to allow both soft-combining reception and much simpler selection diversity reception at the gNB
Proposal-14: A single PUCCH resource can be used for PUCCH repetitions. Introduce additional PUCCH groups that includes all and only PUCCH resources that are associated with 2 ordered spatial-relation info.
Proposal-15: (if intra-slot beam hopping is not considered) cyclical mapping of beams to PUCCH repetitions can be used as a baseline beam mapping pattern.
Proposal-16: Consider dynamic control of PUCCH repetition factor and switching between 1-TRP and 2-TRP repetitions
Proposal-17: Consider PUCCH DMRS sequence to be cycled in consecutive repetitions in a TRP specific manner

	Xiaomi
	Proposal 24: Multiple spatial relation info can be activated by MAC-CE for the same PUCCH resource or multiple PUCCH resources. 
Proposal 25:  Support the PUCCH repetition transmission of up to 2 spatial relation info.
Proposal 26: Cyclical mapping and sequential mapping can both be applied to the mapping between PUCCH repetition/symbol and multiple PUCCH repetitions/symbols.
Proposal 27: We prefer Alt.1 to indicate the RRC configuration using Rel-15 like framework.
Proposal 28:  We prefer Alt.2 of inter-slot repetition to enable multi-TRP PUCCH. Both single PUCCH resource and multiple PUCCH resources can be considered.
Proposal 29: Multiple separate sets of power control parameters together with multiple pathloss RSs are configured associated with the different spatial relation info.

	Spreadtrum
	Proposal 11: Support both intra-slot and inter-slot PUCCH repetition for multi-TRP operation.
Proposal 12: A gap can be introduced to support intra-slot PUCCH repetition.
Proposal 13: Rel-15 like framework is applied to indicate the PUCCH repetition number.
Proposal 14: For PUCCH transmission across multi-TRP, support one PUCCH resource to configure with multiple spatial relations.

	Covinda
	Proposal 5: The same PUCCH resource can be repeated with different spatial relations, using inter-slot repetition (i.e. Alt.2 with same PUCCH resource repetition).
Proposal 6: The configuration/indication of the number of PUCCH repetitions use Rel-15 like framework (Alt.1)
Proposal 7: The details of configuration and activation of multiple spatial relation info is up to RAN2.
Proposal 8: The spatial relations are cyclically mapped to actually transmitted PUCCH repetitions.

	NTT Docomo
	Proposal 4-1:
· To enable PUCCH repetition with M-TRP, the same PUCCH resource is used for repetitions and multiple spatial relations are configured/ activated for a PUCCH resource.
Proposal 4-2:
· Cyclical and sequential mapping between multiple spatial relation infos and PUCCH repetitions can be considered.
Proposal 4-3:
· For M-TRP PUCCH repetition, multiple TPC command fields can be indicated in DCI.
Proposal 4-4:
· Both Rel-15 like semi-static configuration and dynamic indication of number of PUCCH repetitions should be supported.
Proposal 4-5:
· Support inter-slot M-TRP PUCCH repetition for all PUCCH formats.
· Support intra-slot M-TRP PUCCH repetition for at least short PUCCH formats.

	Ericsson
	Proposal 16: Dynamic switching between single-TRP based PUCCH and multi-TRP based PUCCH should be considered as part of PUCCH multi-TRP enhancements.
Proposal 17: For PUCCH multi-TRP enhancements, support the use of a single PUCCH resource in NR Rel-17.
Proposal 18: For PUCCH multi-TRP enhancements, up to two spatial relation info’s may be activated per PUCCH resource via MAC CE in NR Rel-17.
Proposal 19: For PUCCH multi-TRP enhancements, allow the possibility to configure either cyclic mapping or sequential mapping of spatial relation info’s over PUCCH repetitions/symbols in NR Rel-17.
Proposal 20: For configuration/indication of the number of PUCCH repetitions, support dynamic indication of the number of PUCCH repetitions (Alt 2)..
Proposal 21:	For PUCCH multi-TRP enhancements, consider power control enhancements related to different close loops and associated TPC commands targeting different TRPs in NR Rel-17.
Proposal 22: For PUCCH multi-TRP enhancements, support both inter-slot repetition, intra-slot repetition and intra-slot beam hopping in NR Rel-17 (Alt.1).

	Qualcomm
	Proposal 7: For mTRP TDMed PUCCH enhancements, support both inter-slot and intra-slot cases (Alt1).
Proposal 8: To enable two beams and two sets of power control parameters for inter-slot PUCCH repetition, support activating two PUCCH-SpatialRelationInfoId’s for a given PUCCH resource.
Proposal 9: Support configuring both nrofSlots and interslotFrequencyHopping per PUCCH resource to enable more dynamic and flexible signalling.
Proposal 10: Support configuring cyclic mapping or sequential mapping per PUCCH resource.
Proposal 11: When inter-slot frequency hopping is enabled for inter-slot PUCCH repetition with two PUCCH-SpatialRelationInfoId’s, frequency hopping is performed among the repetitions with the same beam.
Proposal 12: For intra-slot multi-beam PUCCH enhancements, support intra-slot beam hopping (Alternative 1).



4.2	Proposals on PUSCH
	Company
	Proposals

	FutureWei
	Proposal 6: For M-TRP PUSCH enhancement, also support M-DCI based PUSCH transmission/repetition scheme(s) based on Rel-16 PUSCH repetition Type A and Type B.
Proposal 7: For M-TRP PUSCH enhancement, support TDMed PUSCH repetition scheme(s) and selection scheme(s) to reduce UE transmission power consumption for both M-DCI and S-DCI based schemes.
Proposal 8: For M-TRP PUSCH enhancement, support two separate sets of PUSCH configurations, including:
· Two separate set of power control parameters, each set associated with one TRP and including TRP-specific open-loop parameters, closed-loop parameters, and pathloss RS;
· Two separate sets of SRI/TPMI parameters;
· Two separate TRP-specific TA offsets, each associated with a set of PUSCH configurations and all other UL transmissions QCLed/associated with it, and the TA offset is relative to the associated TRP-specific DL reference timing (e.g., the associated DL symbol starting time).


	InterDigital
	Proposal 4: Support Alt4, that is based on configurable mapping pattern.
Proposal 5: SRI repetition patterns for PUSCH repetitions are dynamically indicated. 

	Vivo
	Proposal 3:	Support M-DCI based PUSCH repetition enhancement with option2 and option3 as starting point.
Proposal 4:	To support single DCI based PUSCH towards M-TRP, SRI bit width needs to be increased.  
Proposal 5:	. To support single DCI based PUSCH towards M-TRP, TPMI/RI field needs a new design compared with legacy interpretation.
Proposal 6:	 To support single DCI based PUSCH towards M-TRP, the bit field needs to be doubled.
Proposal 7:	To support single DCI based PUSCH towards M-TRP, PTRS-DMRS association field needs to be enhanced.
Proposal 8:	Further compare pros and cons between S-DCI and M-DCI to determine whether to support S-DCI or M-DCI PUSCH enhancement towards different TRPs.
Proposal 9:	Support both type 1 and type 2 CG PUSCH transmission towards MTRP.
Proposal 10:	Repetitions of a TB can be transmitted on multiple CG type 1 and type 2 PUSCH transmission occasions towards MTRP.
Proposal 11:	if the number of repetition is more than 1, support cyclical mapping pattern and sequential mapping pattern for PUSCH repetition.
Proposal 12:	the association between frequency hopping pattern and beam pattern should be further studied.
Proposal 13:	For PUSCH repetition Type A configured with only 1 repetition, beam switching of PUSCH is based on intra-slot frequency hopping.

	ZTE
	Proposal 8: For single DCI-based PUSCH, support enhancement on SRI, TPMI and TPC command field for codebook based transmission, 
· One SRI can indicate one or two SRS resources
· Add one more TPMI field 
· FFS for the relationship between two TPMI fields.
· The rank of all PUSCH repetition is the same 
· For close loop power control, down-select from the following options
· Option.1: A single TPC value is used in one DCI for both PUSCH beams. 
· Option.2: A single TPC value is used in one DCI for one of two PUCCH beams. 
· Option 3: Add one more TPC command field in DCI.
Proposal 9: Support Multi-DCI based PUSCH repetition
· gNB should let UE know which two DCIs schedule the same TB.

	Fujitsu
	Proposal 4: For both PUSCH repetition Type A, support the following repetition patterns:
· Alt.1: cyclical mapping pattern 
· Alt.2: sequential mapping pattern 
Proposal 5: For both PUSCH repetition Type B, support the following repetition patterns:
· Alt.1: cyclical mapping pattern 
· Alt.2: sequential mapping pattern 
Proposal 6: For both PUSCH repetition and B, support the following repetition patterns:
· Alt.1: beams are mapped to the nominal repetitions
· Alt.3: beams are mapped to different slots


	MediaTek
	Proposal 10: Multi-DCI based PUSCH transmission/repetition scheme(s) is not supported in R17.
Proposal 11: All repetitions use the same number of layers. FFS maximum number of layers per repetition.
Proposal 12: Only the following DCI fields are indicated independently for two PUSCH repetitions towards different TRPs: SRI, precoding information, TPC command, OLPC parameter set indication.
Proposal 13: Cyclical and sequential mapping patterns are supported for single-DCI based multi-TRP PUSCH repetition Type A and Type B.
Proposal 14: For PUSCH repetition Type B, beams are mapped to nominal repetitions.

	CATT
	Proposal 8: For codebook based PUSCH enhancement with M-TRP, the following extension schemes can be considered:
· Alt 1: one SRS resource with 2 spatial relations can be configured , only TPMI  field  need to be  extended  for 2 beams
· Alt 2: up to two SRS resources can be indicated,  SRI/TPMI  field  need to be  extended  for 2 beams 
· Alt 3: based on Alt 1 or 2, different MCS and resource allocation can be used for different TRP. FDRA, TDRA and MCS field also need to be extended
Proposal 9: For non-codebook based PUSCH enhancement with M-TRP, one SRS resource set can be configured with two associated CSI-RSs, or more than one spatialrelationinfo can be configured for each SRS resource. 
Proposal 10: For both PUSCH repetition Type A and B, cyclical/sequential mapping patterns can be applied, and different beam can be applied to different hop when frequency hopping is enable
Proposal 11: For PUSCH repetition Type B, beams can be mapped to the nominal repetitions.

	Apple
	Proposal 4-1: To improve the PUSCH reliability, for DG-PUSCH support gNB to indicate 2 SRIs/TPMIs based on single-DCI operation; for CG-PUSCH, support gNB to configure 2 SRIs/TPMIs.
· Power control parameters associated with different SRI should be applied to corresponding repetition(s)
· Support PT-RS to DMRS port association cycling, where the associated DMRS port index should be selected based on the repetition index
Proposal 4-2: With regard to cross-repetition channel estimation, Alt2 (Sequential mapping) or Alt3 (Half-Half pattern) for beam/precoder indication for PUSCH repetitions should be supported.
· For PUSCH repetition TypeB, beams/precoders are mapped to the nominal repetitions

	Fraunhofer IIS/HHI
	Proposal 6: In single-DCI codebook-based M-TRP PUSCH, the DCI may be able to indicate multiple TPMI values and one or more SRS resources. 
Proposal 7: Reuse the SRI indication in the case of non-codebook-based PUSCH for codebook-based PUSCH for M-TRP.
Proposal 8: Define SRS resource set with multiple TRPs for non-codebook-based PUSCH.
-	FFS: Reusing the codebook SRS resource set for non-codebook in the case of multi-TRP transmissions.
Proposal 9: Indicate up to 2 TPC commands via the DCI for multi-TRP PUSCH.
Proposal 10: The sequential and cyclic mapping may be considered as the baseline mapping methods for multi-TRP PUSCH.
-	FFS: Inclusion of half-half mapping

	Lenovo/Motorola Mobility
	Proposal 22: PUSCH transmission scheme without repetition is lower priority compared with the schemes of PUSCH repetition Type A and Type B.
Proposal 23: Whether the DCI payload size for scheduling PUSCH can be increased or not in R17 for PUSCH repetition enhancement should be determined firstly, then the detailed design for SRI enhancement, TPMI enhancement and power control enhancement can be studied and determined further.
Proposal 24: Cyclical mapping pattern, sequential mapping pattern and Half-Half pattern can be supported where gNB can configure one pattern for UE by RRC.
Proposal 25: Which alternative(s) should be supported for PUSCH repetition type B needs to consider the beam switching times of the three alternatives which are beams are mapped to the nominal repetition, the actual repetition and different slots respectively.
Proposal 26: The method of handling the beam switching time of two adjacent PUSCH repetitions with different beam should be studied and selected from the two ways of dropping symbols of repetition(s) and delaying later repetition in R17.
Proposal 27: The inter-slot frequency hopping and the inter-repetition frequency hopping for R17 PUSCH repetition should be able to obtain the frequency diversity of all links between UE and multiple TRPs.
Proposal 28: The repetition enhancement of CG PUSCH should wait after the repetition enhancement of DG PUSCH is completed.

	Intel
	Proposal-7: Support intra-slot repetition and inter-slot repetitions for PUSCH 
Proposal-8: for PUSCH repetition Type A (and if intra-slot beam hopping is not considered) consider cyclical beam mapping pattern as the baseline scheme
Proposal-9: for PUSCH repetition Type B beam mapping pattern is related to beam mapping unit (nominal repetition or actual repetition). We can consider beam mapping unit to be actual repetitions and supporting both sequential and cyclical beam mapping patterns.
Proposal-11: Allow dynamic switching between 1-TRP repetition and 2-TRP repetitions for PUSCH
Proposal-12: Consider DMRS sequence to be cycled in consecutive repetitions in a TRP specific manner

	Oppo
	Proposal 12: Support single DCI based PUSCH transmission/repetition for M-TRP PUSCH reliability enhancement.
Proposal 13: Support enhancements of SRI/TPMI/power control parameters for non-codebook and codebook based PUSCH transmissions with M-TRP.
Proposal 14: Support sequential mapping pattern for PUSCH repetition.
Proposal 15: For Type B, beams can be mapped to nominal repetitions and to different slots.

	Samsung
	Proposal 11. Support multi-DCI based multi-TRP PUSCH repetition scheme for flexible resource allocation across repetitions.
Proposal 12. Increase the number of codebook and non-codebook-based SRS resource sets for multi-TRP based PUSCH repetition.
Proposal 13. Introduce enhanced timing relationship between SRS and CG PUSCH to allow automatic beam update for the CG PUSCH in order to follow the configured/activated spatial relation for SRS.

	CMCC
	Proposal 10: Multi-DCI based PUSCH scheduling should be considered for multi-TRP URLLC PUSCH transmission.
Proposal 11: On the mapping between PUSCH repetitions and beams, for both PUSCH repetition Type A and B, support cyclical mapping and sequential mapping pattern, for PUSCH repetition Type B, support beams mapping to the nominal repetitions and beams mapping to different slots.
Proposal 12: Group common DCI could be enhanced to support independent TPC command indication for different repetitions of PUSCH.

	Spreadtrum 
	Proposal 7：For single-DCI based multi-TRP operation, support the following for PUSCH enhancement:
-	introduce new MAC CE to enable each  codepoint in DCI can map up to  2 SRIs/TPMIs in corresponding field.
-	For non-codebook based PUSCH transmission, support enhancement for CSI-RS configuration.
Proposal 8: For multi-TRP operation, cyclical mapping pattern and sequential mapping pattern for PUSCH can be prioritized for study.
Proposal 9: For PUSCH without repetition transmission, support frequency hop level beam mapping.
Proposal 10: For multi-TRP operation, support Alt1: beams are mapped to the nominal repetitions for PUSCH repetition type B.

	Ericsson
	Proposal 4: Dynamic switching between single-TRP based PUSCH and multi-TRP based PUSCH should be considered as part of PUSCH multi-TRP enhancements.
Proposal 5	: To support PUSCH targeting 2 TRPs, increase the number of SRS resource sets with ‘usage’ set to ‘codebook’ or ‘nonCodebook’ to two in NR Rel-17.
Proposal 6	: For codebook based PUSCH targeting 2 TRPs, support in NR Rel-17 indicating two SRIs where the two SRIs correspond to SRS resources in two different SRS resource sets.
Proposal 7	: For codebook based PUSCH targeting 2 TRPs, support in NR Rel-17 indicating two TPMIs corresponding to the two TRPs.
Proposal 8	: For non-codebook based PUSCH targeting 2 TRPs, support two associated NZP CSI-RS resources via increasing the number of SRS resource sets for noncodebook-based PUSCH to two in NR Rel-17.
Proposal 9	: For non-codebook based PUSCH targeting 2 TRPs, support in NR Rel-17 indicating multiple SRIs where these SRIs correspond to SRS resources in two different SRS resource sets.
Proposal 10: For PUSCH multi-TRP enhancements, different power control close loops for different TRPs are to be considered in NR Rel-17.
Proposal 11: Consider allowing back-to-back scheduling of PUSCH repetitions via multiple DCIs over multiple TRPs in NR Rel-17.
Proposal 12: Support Multi-TRP reliability for at least CG PUSCH type 2 in NR, and Support of Multi-TRP reliability for CG PUSCH type 1 can be further discussed.
Proposal 13: For the mapping between PUSCH repetitions and beams in single DCI based multi-TRP PUSCH repetition Type A and Type B, support higher layer configuration of either cyclic mapping pattern or sequential mapping patter in NR Rel-17.
Proposal 14: For PUSCH repetition Type B, spatial relations are mapped to nominal repetitions in NR Rel-17.
Proposal 15: To improve A-CSI reliability, consider support for A-CSI multiplexing on multiple PUSCHs targeting multiple TRPs in NR Rel-17.

	Huawei
	Proposal 5: For PUSCH transmission without repetition, support multiple TPMIs for multiple frequency hops respectively.
Proposal 6: For codebook based PUSCH transmission, support an enhanced TPMI field to indicate two beams for frequency hops/repetitions.
Proposal 7: For non-codebook based PUSCH transmission, SRI field in R15 can be reused to indicate two beams/SRIs for frequency hops/repetitions.
Proposal 8: For non-codebook based PUSCH transmission, the CSI-RS configuration should be enhanced to enable multi-TRP based reception.
Proposal 9: For PUSCH repetition Type A and B, Alt 1 (cyclical mapping pattern) and Alt 2 (sequential mapping pattern) should be supported.
Proposal 10: For PUSCH repetition Type B, support to map the beams to the actual repetitions, i.e., Alt.2. 

	Xiaomi
	Proposal 7: For multi-TRP based PUSCH, the maximum number of transmission layers is up to 2 per transmission occasion or per panel.
Proposal 8: For multi-TRP based PUSCH, consider to re-specify up to 2-layer transmission for PUSCH repetition Type A.
Proposal 9: For multi-TRP based PUSCH, consider to increase the maximum number of repetitions to 32 especially in FR2.
Proposal 10: Consider whether to increase the size of TDRA table based on the adoption of proposal 3.
Proposal 11: The TBS determination rule defined in Rel-16 can be reused 
Proposal 12: For CB PUSCH with multi-TRP, enhancements are suggested as below:
1) One single SRS resource set is to help the gNB to perform the uplink panel(s)/spatial relation filter(s) selection, an extension of the current configured number of SRS resources within a SRS resource set is needed.
2) Extension of the SRI field to indicate two spatial relations associated with the SRS resources targeting different TRPs jointly or separately; 
3) Extension of the TPMI/RI field to indicate two precoders associated with spatial relation filter(s);
4) Extend the TPC indication in DCI according to different spatial relation filter(s) and separate power control settings are needed;
Proposal 13: For NCB PUSCH with multi-TRP, enhancements are suggested as below:
1) Multiple SRS resource sets and multiple NZP CSI-RS resources can be configured targeting different TRPs separately, one NZP CSI-RS can be configured associated with one SRS resource set targeting one TRP;
2) Extension of the SRI field to indicate the multiple spatial relations of SRS subsets;
3) Extension of the TPC indication in DCI according to different spatial relation filter(s) and separate power control settings are needed;
Proposal 14: For multi-TRP PUSCH repetition type A, the scheme of beams mapping onto repetitions should consider the dropping of transmission occasions.
Proposal 15: The beams mapping to repetitions need to consider how to deal with the orphan symbol(s).
Proposal 16: Transmitting the DMRS symbol instead of dropping of the orphan symbol(s) in multi-TRP PUSCH, with applying the beam mapped onto this actual repetition occasion.
Proposal 17：Method 1: 1-bit Group DCI indicating the PUSCH cooperated-TRP mode can be used for further decoding of the UE-specific DCI, which support the dynamic switching between single TRP and multi-TRP based transmission.
· For single DCI based PUSCH transmission, the UL DCI payload bits would be fixed which can better support a simplified design for both CB and NCB based PUSCH transmission.
· For the multi-DCI case, whether multiple UL DCI toward the same TB needs to be associated for the cooperated PUSCH transmission(s) would be explicitly indicated.
Proposal 18: Method 2: Group DCI bits indicates the beam mapping scheme of PUSCH explicitly and also the PUSCH transmission mode implicitly which can be used for further decoding of the UE-specific DCI. This two-step DCI method can support the dynamic switching between single TRP and multi-TRP based transmission.
· For single DCI based PUSCH transmission, the UL DCI payload bits would be fixed which can better support a simplified design for both CB and NCB based PUSCH transmission considering UE complexity;
· For the multi-DCI case, whether multiple UL DCI toward the same TB needs to be associated for the cooperated PUSCH transmission(s) would be explicitly indicated.
Proposal 19: dynamic indication of the beam mapping scheme can be considered for multi-TRP PUSCH repetitions, two options are suggested:
· Alt.1: The beam mapping scheme is determined by both the beam mapping pattern and the repetition type. The beam mapping pattern (cyclical, sequential, half-half, etc.) can be configured by RRC which is more related to UE capability, and the repetition type(nominal repetitions, actual repetitions, slots, etc.) that the beams mapping onto can be further indicated by DCI, or vice versa.
· Alt.2: The beam mapping scheme applied to the scheduled PUSCH is indicated by group DCI with beam mapping scheme codepoint. The codepoint mapping table of beam mapping scheme is pre-defined or configured by RRC signaling, one or multiple codepoint(s) can be designed to indicate the mapping pattern when the scheduled PUSCH is in a single TRP transmission mode.
Proposal 20: support Rel-15/16 URLLC sequence {0,2,3,1} at least, and other RV sequences, such as {0,0,0,0} , {0,3,0,3} can also be considered. 
Proposal 22: the RVs or RV sequences should perform the one-to-one mapping with beams targeting 2 TRPs.
Proposal 23: for the RV indication, the following methods are suggested, our preference is option 2.
· Option 1: One RV sequence is configured for all repetitions regarding two beams. The current RV field indicates the initial RV value targeting TRP 1, and the RV with an offset can be applied for TCI 2 with an offset value.  The parameter offset needs to be pre-defined in spec or RRC configured.
· Option 2: RV initial values or RV offset values for repetitions targeting both TRPs can be indicated jointly by RV codepoint. The RV codepoint can be pre-determined by network or pre-defined in spec, which may contain most possible combinations the network expects to apply for a dynamic RV configuration.


	Sharp
	Proposal 1: Combination of RV cycling and beam mapping should be considered
Proposal 2: Support at least Beams are mapped to actual repetitions

	LG
	Proposal 5: For MTRP PUSCH transmission, separate TA configuration for each TRP should be supported considering the difference of propagation delay, inter-panel delay, and compatibility to FR 4.
Proposal 6: For MTRP PUSCH transmission, power control parameters, TPMI and spatial relation RS should be configured separately for different transmission occasion.
Proposal 7: TDM based single PUSCH scheme can be considered, additionally. 
Proposal 8: Support M-DCI based MTRP PUSCH transmission additionally.

	Covinda Wireless
	Proposal 9: Support multi-DCI based PUSCH repetition scheme(s).
Proposal 10: RAN1 strives to minimize the duplication of DCI fields or new DCI fields for the single DCI scheduling multi-TRP PUSCH repetition.
Proposal 11: For single-DCI based non-codebook based two-TRP PUSCH repetition, the existing SRI can provide two spatial relations (two SRS resources) which can be mapped to different PUSCH repetitions.
Proposal 12: For single-DCI based codebook based multi-TRP PUSCH repetition, the existing SRI for non-codebook based operation is adopted, which can indicate up to two spatial relations (two SRS resources) that can be mapped to different PUSCH repetitions.
Proposal 13: For single-DCI based codebook based PUSCH repetition, consider the following options:
· Option 1: Two multi-port SRS resources can be indicated. DCI includes a second “precoding and number of layers” field.
· Option 2: One multi-port SRS resource and one single-port SRS resource can be indicated. DCI does not include a second “precoding and number of layers” field.
Proposal 14: Support “Alt.1: cyclical mapping pattern”.
Proposal 15: Support “Alt.2: beams are mapped to the actual repetitions”.

	Asia Pacific Telecom
	Proposal 1: Support cyclical mapping pattern, sequential mapping pattern and configurable pattern for single DCI based multi-TRP PUSCH repetition.
Proposal 2: The details of configurable mapping pattern should be further studied. 
Proposal 3: Take mapping beams to the nominal repetitions or mapping beams to the actual beams as the starting point. 
Proposal 4: Study whether to introduce indication of multiple sets of transmit parameters for repetitive UL transmission in multi-TRP scenario.
Proposal 5: RAN1 to study signaling overhead reduction method by introducing semi-persistent update characteristics in DCI signaling.

	NTT DOCOMO
	Proposal 3-1:
· For single DCI based M-TRP PUSCH repetition, consider multiple fields of SRI, TPC command, TPMI in DCI.
Proposal 3-2:
· For M-TRP PUSCH repetition, at least cyclical and sequential mapping are supported and can be configured by RRC signaling
Proposal 3-3:
· For PUSCH repetitions B, beams are mapped to nominal repetitions.
Proposal 3-4:
· Support multiple DCI based M-TRP PUSCH repetition.
Proposal 3-5:
· Association between SRS resources or SRS resource sets with usage CB/NCB and TRPs can be configured. 
· For multiple DCI based PUSCH transmission/repetition, the SRI filed in UL grant DCI associated with a CORESETPoolIndex is mapped to the SRS resources associated with the corresponding TRP.
· For single DCI based PUSCH repetition, the multiple SRI fields in DCI are mapped to different SRS resources associated with multiple TRPs, respectively.


	Nokia/NSB
	Proposal 3.1: For multi-TRP PUSCH repetition operation with codebook-based mode, study how to indicate two SRIs and two TPMIs via a single DCI. 
Proposal 3.2: For multi-TRP PUSCH repetition operation with non-codebook-based mode, study how to indicate two SRIs via a single DCI.
Proposal 3.3: For multi-TRP PUSCH repetition operation, study how to indicate for a UE two TPC commands via a single DCI, considering mainly the following alternatives:
•	Alt.1: The current TPC field in DCI is used to indicate two TPC commands instead of only one.
o	A variant: increase the size of the TPC field by one bit to allow having eight instead of four possible combinations of TPC commands.
•	Alt.2: A second TPC field is added in DCI.
Proposal 3.4: 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 behaviour when applying required switching gaps on actual PUSCH repetition(s)
•	FFS: Knowledge of switching gaps of a beam pair at the network side.  
Proposal 3.5: For beam mapping pattern for multi-TRP PUSCH repetition, support configuring more than one beam mapping patterns and selecting a pattern via DCI. 
Proposal 3.6: Study low overhead mechanisms for the TX beam selection for multi-TRP CG PUSCH.

	TCL Communications
	Proposal 9: Configured grant PUSCH should be supported and identified as an essential feature in multi-TRP scenario.
Proposal 10: Association between configured grant PUSCH and TRP should be studied.
Proposal 11: Out-of-order scheduling for multiple PUSCHs that include configured grant PUSCH should be studied.
Observation 1: Multiple PUSCHs including configured grant PUSCH could collide in multi-DCI based multi-TRP scenario.
Proposal 12: When multiple PUSCHs including configured grant PUSCH collide in multi-DCI based multi-TRP scenario, how to solve the collision problem should be further studied.
Proposal 13: The scenario that multiple PDCCHs trigger UL BWP switching in a same slot in the multi-DCI based multi-TRP should be studied.
Proposal 14: When multiple PDCCHs trigger UL BWP switching in a same slot in the multi-DCI based multi-TRP scenario, how to perform transmission/reception w.r.t. BWP switching constraint should be studied.

	Qualcomm
	Proposal 13: Support two or more SRS resource sets to be configured with usage set to “codebook” or “nonCodebook”, and UL DCI to indicate one or two SRS resource sets for UL beam(s) indication.
Proposal 14: Support configuring each “SRI-PUSCH-PowerControl” with a “sri-resource-setId”. When DCI indicates two SRS resource sets, it points to two sets of ULPC parameters by the corresponding SRI codepoints.
Proposal 15: Support one of the following options for the case that the two sets of ULPC parameters are associated with different closed loop index values:
•	Option 1: The TPC command indicated in the UL DCI is applied to both closed loop index values.
•	Option 2: Two TPC commands are indicated in the UL DCI.
Proposal 16: For codebook-based PUSCH transmission, support indicating two TPMIs to be used for repetitions targeted toward different TRPs while all repetitions have the same number of layers.
Proposal 17: Support RRC configuration between cyclic mapping and sequential mapping for both PUSCH repetition Type A and PUSCH repetition Type B for mapping between repetitions and two UL beams / two ULPC parameters / two TPMIs (RRC configuration between Alt1 and Alt2 in the agreement in RAN1 #102e)
•	For PUSCH repetition Type B, the mapping is based on nominal repetitions (Alt 1 in the agreement in RAN1 #102e).
Proposal 18: For inter-repetition frequency hopping with PUSCH repetition Type A or Type B, frequency hopping is performed among the repetitions with the same beam.
Proposal 19: For mapping between repetitions and RV values in both cases of PUSCH repetition Type A or Type B, RV sequence is considered for the (actual) repetitions with the first beam. RVSeqOffset can be configured where RV values for the (actual) repetitions with the second beam are determined by an additional shifting operation.




5. Summary of Results
5.1	Results on PUCCH
The below is showing text and figures copied from different contributions. Please refer to the contributions for more details. 
	ZTE
[image: ]
Figure 2.2-1 PUCCH repetition with beam blockage
Observation 6: Under blockage scenario, PUCCH repetition with beam diversity shows significantly lower BLER than PUCCH with single beam. Doubling the number of repetitions achieves almost 3dB gain.

[image: snr=-30~-22][image: snr=-30~-22]
[image: snr=-20~-12][image: snr=-20~-12]
Figure 2.2-2 PUCCH repetition for PUCCH format 0 and format 1
Observation 7: The required number of PUCCH repetitions varies even the large scale SNR is fixed. 
[image: tt]
Figure 2.2-3 CDF of SNR fluctuation
Observation 8: The PUCCH SNR fluctuation range can be up to 20 dB, which fully proves the rapid change of the actual transmission channel and the difference in the channel conditions of each slot. 


	Intel
	[image: ]
Figure 30: Intra-slot case (1 slot) + blockage
	[image: ]
Figure 31: Inter-slot case (2 slots) + blockage


“From simulation results above, our observation is that in the 1 slot case, all the multi-TRP schemes perform similarly. However, in the 2-slot case, inter-slot repetition performs better than intra-slot beam hopping due to additional frequency diversity given that cyclical beam mapping is used. We further observe that with PUCCH repetition, selection diversity reception at the gNB provides close performance compared with soft-combining reception but without the need to transport soft information across TRPs.”

	Ericsson 
“Some preliminary simulations have been done on possible PUCCH performance improvement with two TRPs at 30GHz with 10dB channel blocking. Other simulation assumptions can be found in the appendix. The results are shown in Figure 12, where we have compared intra-slot repetition over two TRP vs. single TRP transmission with two times of the number of symbols without repetition for different PUCCH formats. It can be seen that under channel blocking, repetition over two TRPs performs much better than single TRP for the same total number of symbols.” 


[bookmark: _Ref47622622]Figure 12: PUCCH performance improvement with repetition over 2 TRPs under indoor hot-spot scenario at 4GHz. 


	Samsung
[image: ]
Figure 3. BLER performance of PUCCH format 3 at FR2.
Observation 2. In FR2 with blockage, the reliability gain from multi-TRP based PUCCH repetition over single-TRP based PUCCH repetition is substantial.
Observation 3. In FR2, the performance gain from soft combining is marginal in multi-TRP based PUCCH repetition.

[image: ]
Figure 4. BLER performance for multi-TRP short PUCCH repetition and single-TRP long PUCCH transmission.

Observation 5. Multi-TRP based short PUCCH repetition outperforms single-TRP based long PUCCH transmission in both non-blockage and blockage scenario.




5.2	Results on PUSCH
The below is showing text and figures copied from different contributions. Please refer to the contributions for more details. 
	Huawei
“The evaluation result of multi-TPMI with multi-TRP is shown in Figure 5 for codebook based PUSCH transmission. It can be observed that with multi-TPMI, there are ~0.75dB gain at 10^-2 compared to wideband TPMI. And the slope of subband TPMI is steeper than that of wideband TPMI due to the benefits of the diversity, so that more gain can be expected at lower BLER required by URLLC. Detailed evaluation assumption is provide in Table 2 in appendix.”
[image: ]
Figure 5: Performance of subband TPMI vs wideband TPMI for CB- based PUSCH transmission

Observation 7: PUSCH transmission with multiple TPMIs in frequency domain is beneficial for UL codebook based transmission.

	ZTE
[image: 3dB][image: 6dB]
Figure 2.3-2 Performance comparison between same and different TPMIs for PUSCH repetitions with different beams
Observation 9: 
· If only one TPMI is indicated for the PUSCH repetitions for two TRPs, large performance loss is observed.
· If different ranks are used for the repetitions, it is difficult and complex for gNB and UE to maintain same TB size.


	CATT
“Figure 9 shows the BLER of PUCCH format 1 with joint reception of two coordinated TRPs. The SNR offset of the two TRPs are 0 dB /-3 dB /-6 dB respectively. The numbers of slot-level repetitions are 2, 4, 8, 10 and 12.  The simulation assumptions are listed in Table 2 in Appendix.”
[image: D:\Working\2020\103e\PUXCH reliability\文稿用图\mengjun\doc_p2.jpg]
Figure 9: PF1 BLER, two TRPs with SNR offset 0/-3/-6dB, number of repetitions 2/4/8/10/12  
Observation 2: Reliability of PUCCH format 1 can be further improved with repetition numbers of 10

	Apple 
“Figure 2 illustrates some link level simulation results for PUSCH transmission. The simulation is based on non-codebook based transmission scheme with 2x2 MIMO as well as 2 PUSCH repetitions. The pathloss for between UE and two TRPs are assumed to be the same without any blockage. The detail simulation assumption is illustrated in Table A-2. It can be observed that precoder cycling can provide up to 3 dB performance gain. Therefore, the control signaling enhancement to support multiple beam/precoder indication should be necessary, where 2 beams could be the starting point.”
[image: ]
Figure 2: PUSCH Link Level Simulation Results


	MediaTek

[image: ] [image: ]
Figure 10: Comparison of pathloss gaps and RVs for PUSCH repetition over two TRPs


	Intel
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Figure 18: R=0.15, intra-slot case (1 slot) + blockage
	[image: ]
Figure 19: R=0.15, inter-slot case (2 slots) + blockage
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Figure 20: R=0.15, intra-slot case (1 slot) + no blockage
	[image: ]
Figure 21: R=0.15, inter-slot case (2 slots) + no blockage
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Figure 22: R=0.3, intra-slot case (1 slot) + blockage
	[image: ]
Figure 23: R=0.3, inter-slot case (1 slot) + blockage


“From simulation results above, our observation is that in the 1 slot case, intra-slot beam hopping and intra-slot repetition performance is quite similar. However, in the 2-slot case, inter-slot repetition performs better than intra-slot beam hopping due to additional frequency diversity given that cyclical beam mapping is used. Further it is not clear how intra-slot beam hopping can be applied to PUSCH repetition Type B.”

	Ericsson 
“We have done some preliminary simulations on possible PUSCH performance improvement with two TRPs at 30GHz with 10dB channel blocking. Other simulation assumptions can be found in the appendix. The results are shown in  Figure 11, where results for MCS= 6 and MCS=10 are shown. It can be seen that for both MCS, a large performance gain can be observed.”

[bookmark: _Ref47619453]Figure 11: PUSCH performance improvement with PUSCH repetition over two TRPs under indoor hot-spot scenario at 30GHz


	Qualcomm
“The performance is illustrated in Figure 21 and Figure 22 for MCS=4 (QPSK) and MCS=5 (16QAM) from Table 5.1.3.1-2 of 38.214, respectively, in the case no blockage and in the case of blockage. As it can be seen from the Figures, selection diversity underperforms soft combining and joint demodulation when there is no blockage. Also, joint demodulation and soft combining are the same for QPSK, but joint demodulation is slightly better for 16QAM.”
[image: ]
[bookmark: _Ref54374688][bookmark: _Ref54374681]Figure 21: Different receiver assumption (QPSK).



[image: ]
[bookmark: _Ref54374720]Figure 22: Different receiver assumptions (16QAM).

“Next, we consider the case of 2 repetitions, where the first repetition is received only by the first TRP, and the second repetition is received only by the second TRP. The two repetitions are soft-combined before decoding. Two RV sequences [0, 0] and [0, 2] are used for each of the two cases of no blockage and blockage. As a reference, the performance of single-TRP (one repetition received only by the first TRP) is also illustrated. Figure 23 shows the performance for MCS=0 (QPSK, coding rate=0.12) and MCS=4 (QPSK, coding rate=0.59).”
[image: ]
[bookmark: _Ref54369777]Figure 23: PUSCH with 2 repetitions with RV seq. [0,0] and [0,2].
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7. Previous Agreements 
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

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. 

Agreement 
Further study M-TRP CG PUSCH reliability enhancements in Rel-17. 
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