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Introduction
In this FL summary of Enhancements on Multi-beam Operations, the first two sub-bullets below are considered within the revised scope of Rel-16 eMIMO WID:
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify beam failure recovery for SCell with DL/UL as well as DL-only, where PCell can be operating in FR1 as well as FR2
· Specify measurement and reporting of either L1-RSRQ or L1-SINR

UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection

	Agreement@RAN1#95
In Rel-16, an identifier (ID) that can be used at least for indicating panel-specific UL transmission is supported, where detailed usages for the panel-specific UL transmission are FFS
· The ID should be defined considering the possibility to reuse/modification of Rel-15 specification support or introducing new ID
· Note: RAN1 to avoid unnecessary specification support requiring UE to explicitly disclose its UL antenna panel implementation
· FFS: Whether UE capability signalling is introduced for panel-specific UL transmission

Agreement@RAN1#AH1901
An identifier (ID), agreed in RAN1#95, that can be used at least for indicating panel-specific UL transmission is to be down-selected or merged from the following alternatives in next RAN1 meeting:
· Alt.1: an SRS resource set ID, where FFS on further association to other RS (if needed)
· Alt.2: an ID, which is directly associated to a reference RS resource and/or resource set 
· Alt.3: an ID, which can be assigned for a target RS resource or resource set
· Alt.4: an ID which is additionally configured in spatial relation info




Based on reviewing the submitted Tdocs for this meeting, following issues and proposals are summarized for efficient online/offline discussions, where in general a single company proposal has not been prioritized. Note the relevant issues and proposals can be updated, added, or removed, depending on the discussions.

Issue#2.1: Implementation assumption of UE multi-panel

Based on on/offline discussions and comments from the previous meeting, companies’ assumptions on UE multi-panel implementation seemed to be not common. Therefore, following multi-panel UE (MPUE) categories are necessary to first be set up just for efficient further discussions.

Offline Proposal: Following multi-panel UE (MPUE) categories can be used for discussions on possible enhancements over Rel-15, if needed.
· MPUE-Category1: Multiple panels are implemented on a UE and only one panel can be activated at a time, with panel switching/activation delay of [X] ms
· Note: In Rel-15, this type of UE may report the maximum number of SRS resource sets for BM per supported time domain behavior as 1 in FG 2-30.
· MPUE-Category2: Multiple panels are implemented on a UE and multiple panels can be activated at a time
· MPUE-Category2a: only one activated panel can be used for UL transmission, other than SRS for BM, at a time
· MPUE-Category2b: the multiple activated panels can be used together for UL transmission at a time
· Note: In Rel-15, this type of UE may report the maximum number of SRS resource sets for BM per supported time domain behavior bigger than 1 in FG 2-30.
· Note: It is possible to use only single panel for a specific UL signal/channel transmission at a given time (which was applied for PUCCH, PUSCH, and SRS other than BM in Rel-15)
· Note: This does not imply to support either one or both categories yet, but is only for efficient discussions at least for this meeting, which may also be updated further. Whether to support either one or both categories will depend on subsequent discussions.


Offline Proposal: In Rel-16, support at least the scenario that multiple panels are implemented on a FR2 UE and only one panel can be activated at a time
· It is assumed [X]ms is needed for Tx panel switching/activation
· FFS the value of X (e.g., based on UE capability)
· FFS the exact number of panels at UE and related capability reporting
Supported by Huawei, HiSilicon, Samsung, Intel, OPPO, Apple, LGE, Nokia, NSB, Ericsson, NTT DOCOMO, Sony, APT, KT Corporation, 
[bookmark: _GoBack]
Companies’ inputs/comments:
	LGE
	Support the proposal.  Since RAN1 have found companies’ different assumptions on UE multi-panel, at least the above differentiation on MPUE-categories for discussion purposes are necessary. So, we can then identify possible enhancements over Rel-15 for each category and further decisions can be made, including MPUE-specific UE capability (if further agreed) to allow flexible implementation choice. 

	Samsung
	The intention of this proposal needs to be clarified. Is this a proposal to agree on two separate UE categories differentiated only for multi-panel characteristics? Typically, UE category is used to differentiate peak data rate capability in relation to the number of spatial layers and system bandwidth and discussed toward the end of a release. 
Or is it simply a proposal for UE assumption in relation to Rel.15 SRS-related FG 2-30? But if this is the intention, it seems to preclude non-SRS-based UL beam indication for MPUEs. 

	vivo
	We would like to clarify that MPUE-Category2 is only applicable for SRS for BM as in the Note. Discussions based on MPUE-Category2 may be dangerous before common understanding is achieved on what MPUE-Cat2 is.
Moreover, through offline email discussion, different understanding regarding what Rel15 has already supported is unsettling at the Rel15 CR stage. Further discussion on what Rel15 supports and what a panel is may help the community to converge on the target of Rel16 with the scope talking about panel-specific UL transmission.
Another point we would like to raise is that whether each type should be optimized or not is subject to further discussion. We are fine to capture in another note that the agreement/conclusion does not necessarily imply Rel16 would need to optimize any of such UEs.

	Intel
	We think UE that does not support SRS for BM should be included as well.

	LGE
	@Samsung, as mentioned in the title and explanation/description, this is no relevance of conventional “UE category” at all, but rather capturing key differences of multi-panel assumptions/types just for RAN1 discussion. You know, without this categorization at least for this meeting, companies seem not understanding why Cat1-specific proposals are meaningful compared to existing Rel-15 RAN1 spec (which seems rather compatible to Cat2 already).

@Samsung and Intel, in this regard, the intention of the proposal is not only limited to “Rel.15 SRS-related FG 2-30” since this part is just a note under each main bullet (for better understanding on the case of FG2-30). The main two bullets are the key different descriptions as “Cat1: only one panel can be activated, or Cat2: multiple panels can be activated at a time” which of course include the other case of “non-SRS-based BM case” as you mentioned. If you come up with a suggested wording to captured this as well (if necessary), please let me know.

@vivo, I tried to add the last Note, based on your comments. Sounds more comfortable?

	Huawei, HiSilicon
	NOT fine for the proposal. For the multi-panels simultaneous transmission is not in the scope as we claimed before in Rel-16. Before we list the cases of Cat-1, Cat-2, we at least need to confirm that the case (Cat-2) for multiple panel transmission is included in the scope of Rel-16 in RAN plenary. To be more constructive, the proposal need to be revised as follows:

Proposal: At least, following multi-panel UE (MPUE) case is identified for enhancements in Rel-16:
· Case-1: Multiple panels are implemented on a UE and only one panel can be activated at a time 
FFS: whether the Case-2, i.e., a UE is with DL/UL multiple panels can be activated at a time, is in the scope of Rel-16 enhancement, which should be discussed in RAN plenary.

	APT
	Support to have the discussion for each category. However before discussing this proposal, we share views with some of companies that first clarify what is the panel definition. We shall base on the same concept of panel then detail technical debate will be possible on the same path. In our view, a plenty of antenna ports are formed as a group which is called panel. No matter it implements on which place of the device and no matter uniform or non-uniform distributed among panels (if UE supports multi-panel). Actually, if RAN1 final decision is that panel definition is NOT going to specify in Rel-16 then we shall have same view on the panel at least from functional perspective. From that perspective, we think each RS resource (either UL or DL) which is configured in a resource set can be transmitted through a panel (if configured). Among resource sets, up to NW configuration, each resource in different sets is possible to transmit simultaneously. Then follows that design philosophy we think both categories shall be existed in Rel-16 which would have individual details on technique features.
Comment for first sub-bullet of Cat 1 and Cat 2, remind that we shall not restrict only on UL RS, of course we understand that the discussion can be started from UL RS.

	OPPO
	From our understanding, the intention of categorization is still not clear. The main work of WID is to specify some functionalities or enhancement. However UE categories are not 1-to-1 mapped to these functionalities.   

	Ericsson
	The definition of MPUE-Category2 is clear, but it is not clear how a MPUE-Category1 would be different from a single-panel UE.

	Lenovo, Motorola Mobility
	These two categories correspond to two UE capabilities. We can first agree which categories to support in R16. In our opinion both should be supported. Enhancement can then be discussed for each category UE.

	Sony
	First of all, the MPUE-Cat.1 and MPUE-Cat.2 together seem like a UE capability that a UE is able to activate X>=1 antenna panel(s) (X=1 stands for MPUE-Cat.1 and X>1 represents MPUE Cat.2) at UE side. In this sense, MPUE-Cat.1 and MPUE-Cat.2 can be merged as a UE feature once we continue. Please let me know if I understand it in a wrong way or miss some offline discussion. 

However, as the FL pointed out, this classification of MPUE Cat.1/2 is to facilitate the discussion on panel-specific UL beam selection. In addition, the remaining subsections depends on the MUPE Categories. It is acceptable and agreeable, if possible, to make such categories for discussion and move to following and related subsections. 


	Nokia
	Followed by the offline discussion. As Samsung mentioned, it should be clarified that this is not about the UE category.

If the intention of discussion is to list possible ‘options’ of UE operation, it is O.K. to make a list, but further clarification would be needed whether we need a prioritization between two ‘options’ whether separated specification support would be discussed for each option, or unified specification will be tried. 

	ZTE
	For MPUE Cat.1, there is a very large latency for panel switching, .e.g., 2~3 ms, and if going with this Cat, considering that the system can NOT have information of channel quality of the alternative panel before panel switching, and the outage introduced by panel switching will occur with high probability.

It means that, even for the case of panel switching, we need a soft-panel switching rather than a hard switching. 

	
	




Issue#2.2: Identification on a panel with UL BM

In Tdoc [1] and multiple other contributions, the need of identifying one specific active UE Tx panel especially for MPUE-Category1 is commonly discussed and proposed to be supported, since even for a UE with the FG 2-30 capability reported with the max number of SRS resource sets for BM per supported time domain behavior as 1, the single configurable SRS resource set for BM can be transmitted from “a specific active Tx panel” out of multiple panels implemented on the UE, and switching between them takes [2~3] ms followed by RAN4 LS (R4-1808542) for which at least switched/activated panel needs to be recognized at gNB for proper scheduling.

Proposal 1: For the single SRS resource set configured with usage set to ‘BeamManagement’ for MPUE-Category1,
· Alt1. Support gNB’s indication of which UE Tx panel to use for each SRS transmission
· FFS on UE Tx panel indication details (e.g. panel ID, signaling method)
· Alt2. Do not support gNB’s indication of which UE Tx panel to use for each SRS transmission
· Note: which UE Tx panel to use for each SRS transmission is up to UE, and this panel selection at the UE side is transparent to gNB.

Proposal 2: For the single SRS resource set configured with usage set to ‘BeamManagement’ for MPUE-Category1,
· Alt1. Support UE’s report of which UE Tx panel to use for each SRS transmission.
· Note: this may be applied only when there is no panel indication from gNB.
· FFS on reporting details
· Alt2. Do not support UE’s report of which UE Tx panel to use for each SRS transmission

Proposal 3: For the SRS resource set(s) configured with usage set to ‘BeamManagement’ for MPUE-Category2,
· Alt1. Support configuring a new ID for a panel to each SRS resource set
· Alt2. Support configuring a new ID for a panel to each SRS resource
· Alt3. Do not support configuring a new ID for a panel to SRS resource or resource set 

Companies’ inputs/comments:
	Samsung
	The manner in which the proposals (1-3) are formulated may need to be reworked. For instance, proposals 1-2 are not only SRS-centric, but also assume the existence of an SRS resource set configured for BM. There are other means for enabling panel-selection via non-SRS-based beam indication. The same is assumed for proposal 3. In our view, it is quite difficult to progress if this formulation is used. It may be more helpful, for instance, to start with some agreement on use cases (panel selection dynamic and/or delayed, STxMP), the type of RS, and the corresponding use of SpatialRelationInfo for UL beam indication.

	Intel
	We recommend to define a unified approach to cover all cases. A panel ID associated with or configured in a spatial relation info could be a straight-forward way.

	LGE
	@Samsung, please refer to my comments on the previous Issue#2.1 first, since some misunderstanding seems remaining here. Let me explain the relation of each Issue#2.2(Panel-specific BM-SRS with UL BM), 
Issue#2.3(Panel-specific PUSCH with/without UL BM),
Issue#2.4(Panel-specific PUCCH with/without UL BM),
Where you can see this Issue#2.2 is only relevant with UL BM, so it is here. For “non-SRS-based BM case” that you mentioned, this Issue#2.2 is bypassed, because for this case gNB may not configure SRS for BM at all, so that Issue#2.2 has no relevance on the case that you mentioned.
So, what matters for the case of “non-SRS-based BM” is we can directly discuss about “panel-specific PUSCH” and “panel-specific PUCCH” in the following subsections. This is the intention of the formulation of Issues for technical discussion in this meeting.
For clarity, I put “with/without UL BM” in each title on the following Issue#2.3 and #2.4 according to our discussions here above. Hope this clarifies, and let me find you tomorrow for more offline discussions.

@Intel, I hope so if we can directly find a unified approach, but we all already saw it’s not possible (mainly because of companies’ different assumptions as Cat1 or Cat2).  So, we need to at least split the cases for our discussions, and we strive to eventually have a unified solution after we reach a consensus on necessary enhancement points at least for one Cat clearly.

	Huawei, HiSilicon
	We are not fine to discuss the detailed solutions for the case with multi-Panel simultaneous transmission is not in the scope of Rel-16. So, not fine to include Proposal-3 in the discussion. 

	APT
	For proposal 1, our understanding is that after BM procedure gNB would get information form UE side. In that sense, not sure whether gNB indication is proper in that usage. On the other hand, based on beam correspondence assumption gNB may get primarily information from DL side, but we still have concern on Alt1 whether it is proper and valid.
For proposal 2, one question for clarification, in first bullet of Alt1 why restrict only when there is no panel indication from gNB? Suggest more general to “Note: this may be applied only when gNB configurated”
For proposal 3, question for clarification that does a new ID include RS resource (set) ID? We think it should not be precluded. In that sense, we suggest wording “a new ID” changed to “the ID”.

	OPPO
	Share the same view as Intel. We prefer to specify a unified solution for all supported cases. 

	Ericsson
	The response to these questions will depend on what the ID is used for.

	Lenovo, Motorola Mobility
	We think the formulations of Proposal 1 and 2 are problematic. Although R15 UE may report the number of SRS resource set used for BM is 1 (note in the proposal of #2.1), this may not be valid for a R16 UE supporting multi-TRP. For example, multiple SRS resource sets for BM can be defined where each SRS resource set corresponds to a UL panel or UL SRS transmission corresponding to a TRP. At this stage we believe the assumption “the single SRS resource set configured with usage set to ‘BeamManagement’ for MPUE-Category1” is too strong”. The proposal 1 & 2 should be reformulated to include all possibilities. 

Although UE categories 1 and 2 are different, we should strive for a uniform design of SRS resources (sets) as much as possible. We propose to extend Proposal 3 to both UE categories and discuss them together.

	Sony
	Generally, we would like to discuss the panel-specific beam indication using the SRS resource set for ‘Beam management’, but it seems like that a little premature, since we have better to agree the main Proposal in Section 2.1 first. 

	Nokia
	It is not clear why we should start with different solution for each case. 

	ZTE
	For MPUE-Category1, the system can NOT work well due to a very large latency and blind panel switching without channel measurement for candidate panel(s) if the Alt1 of proposal 1 is agreed.

	
	

	
	

	
	




Issue#2.3: Single panel selection based PUSCH transmission with/without UL BM

In relation to the previous Issue#2.2, many companies’ contributions include discussions/proposals on how to achieve at least single panel selection based PUSCH transmission, considering codebook-based UL and non-codebook-based UL. Single panel selection based PUSCH transmission may be already well supported for MPUE-Category2 but it seems that it may have a panel-switching latency problem for MPUE-Category1. 

Proposal: For CB or NCB based PUSCH transmission at least for MPUE-Category1, 
· Alt1. Support gNB to indicate a particular UE Tx panel for PUSCH transmission with a required offset for panel switching
· FFS the required offset value
· FFS the indication details, including whether a new ID for a panel is needed
· Supported by Huawei, HiSilicon, APT, OPPO, Nokia, NSB
· Alt2. Do not support gNB can indicate PUSCH transmission from a particular UE Tx panel with a required offset for panel switching
· Supported by


Offline Proposal: For CB or NCB based PUSCH transmission, 
· Support gNB to indicate a particular UE Tx panel for PUSCH transmission with a required offset for panel switching
· FFS the required offset value and the indication details 
· Send an LS to RAN4 asking RAN4’s opinion on the latency of UE Tx panel switching

Companies’ inputs/comments:
	Samsung
	Similar comment to section 2.2. Rather than starting the discussion with possible features, need to discuss and agree on use cases, the type of RS and the corresponding use of SpatialRelationInfo. Then the detailed signalling (L1 or even L2 control signaling aspect) can be discussed thereafter. 

	Intel
	Some additional delay for panel switching should be necessary. Maybe we can ask RAN4’s input on delay for UL panel switching.

	LGE
	@Samsung, please find my response on Issue2.2.
@Intel, that additional delay for Cat1? or even Cat2?  According to the so far offline discussions, for Cat2 we better say “one panel selection based PUSCH” not like “panel switching (because in Cat2 multiple panels are already activated, so that no switching is needed but to just select one panel to transmit a UL)”.  In that sense, your suggestion to send a LS to RAN4 seems not needed for Cat2-fans.

	Huawei, HiSilicon
	Alt.1

	APT
	Alt1 is preferred. We should not close the door for this, especially from gNB scheduling perspective. Suggest wording “a new ID” changed to “the ID”.

	OPPO
	The PUSCH based on panel selection should be supported by both Cat 1 and Cat 2. The difference between Cat 1 and Cat 2 is the different values of scheduling offset.

	Ericsson
	The response to these questions will depend on what the ID is used for. Alt 2 for now.

	Lenovo, Motorola Mobility
	We feel it is premature to discuss it now. We can discuss this after the ID used for UL transmission indication is finalized. 

	Sony
	For MPUE-Cat.1 UE (assuming MPUE-Cat.1 specified), we would like to support the PUSCH scheduling across multiple panels (from active panel to inactive panel), but we have to care the panel activation time which somehow beyond the reach of RAN1 and agree with Intel that we may need to ask RAN4’s opinion.  

	Nokia
	Alt 1 

	ZTE
	LS to RAN4 for the latency of UL Tx panel switching is necessary.

	
	

	
	

	
	




Issue#2.4: Single panel selection based PUCCH transmission with/without UL BM

In Tdoc [15] and multiple other contributions, aspects related to single panel selection based PUCCH transmission are commonly discussed, at least some proposed methods to support it are suggested.

Proposal: For single panel selection based PUCCH transmission for both MPUE-Category1 and MPUE-Category2,
· Alt1. An agreed ID for a panel can be assigned to configured reference RS(s) in PUCCH-spatialRelationInfo.
· Supported by Intel, APT,
· Alt2. An agreed ID for a panel can be directly configured to PUCCH resource(s).
· FFS configuration details (e.g. per PUCCH resource or per PUCCH resource set)
· Supported by APT, 
· Alt3. No change from Rel-15 for single panel selection based PUCCH transmission
· Supported by Ericsson, 
· FFS on introducing a new ID or reusing existing ID for the agreed ID for Alt1 and Alt2.


Offline Proposal: For single panel selection based PUCCH transmission, decide among the following alternatives in next meeting 
· Alt1. An agreed ID for a panel can be assigned to configured reference RS(s) in PUCCH-spatialRelationInfo.
· Alt2. An agreed ID for a panel can be directly configured to PUCCH resource(s).
· FFS configuration details (e.g. per PUCCH resource or per PUCCH resource set)
· Alt3. No change from Rel-15 for single panel selection based PUCCH transmission
· Other options are not precluded.

Companies’ inputs/comments:
	Samsung
	Similar comment to section 2.2/2.3

	Intel
	Alt 1 could be a unified solution for panel selection for all uplink channel except for PRACH.

	Huawei, HiSilicon
	Not fine for the proposal as the Case-2 is not in the scope, we need to discuss and confirmed it in RAN plenary first.

	APT
	We can live with either Alt1 or Alt2. One suggestion removes “agreed” since panel ID will make the decision in the other issue. Here, use the ID would be enough.

	OPPO
	Suspend the issue until the ID has been defined. Different definitions of the ID will impact the signalling design.

	Ericsson
	Alt 3 for now

	Lenovo, Motorola Mobility
	We feel it is premature to discuss it now. We can discuss this after the ID used for UL transmission indication is finalized. 

	ZTE
	The definition of ‘panel ID’ is necessary before discussing this issue.

	
	

	
	

	
	

	
	

	
	

	
	




Issue#2.5: Panel-specific power control

In Tdoc [8] and multiple other contributions, aspects related to panel-specific power control are commonly discussed and suggested to be properly supported in Rel-16.

Proposal 1: For PUCCH/PUSCH/SRS power control for both MPUE-Category1 and MPUE-Category2,
· Alt1. Support panel-specific power control via introducing a new ID for a panel
· Alt2. No change from Rel-15 PUCCH/PUSCH/SRS power control

Companies’ inputs/comments:
	Samsung
	Too early to discuss this issue without understanding use cases

	Intel
	PC is out of scope. We recommend to focus on beam measurement and reporting issues for panel specific beam selection. We can discuss more on how to select uplink beam for a panel with regard to some constraints such as MPE. Some beam reporting enhancement, e,g, panel specific beam reporting, is worth for discussion. 

	Huawei, HiSilicon
	Not fine for the proposal. Similar comments as in Section 2.4, the Case-2 is not in the scope, we need to discuss and confirmed it in RAN plenary first.

	APT
	Alt1 is preferred. But here we don’t need to focus on whether new ID is used, so recommend wording of Alt1 is that “Support panel-specific power control, FFS how the ID would be associated.”

	OPPO
	It is premature to discuss the issue since the mechanism supporting panel selection will impact the detailed design. 

	Ericsson
	Support for MPUE-Category2

	Lenovo, Motorola Mobility
	This should be discussed in the power control session after the ID used for UL transmission is agreed. 

	Sony
	Support Alt.1 and agree with APT that for PC on a panel-specific level, we may reuse an ID which may not be “new”.

	Nokia
	It is too early to talk about power control. 

	ZTE
	As we mentioned in the above sections, MPUE-Category1 can NOT work, and so we do NOT support any enhancement for this category.
Besides, we can support it for MPUE-Category2

	
	

	
	

	
	

	
	




Issue#2.6: Panel-specific timing control

In Tdoc [1] and multiple other contributions, aspects related to panel-specific timing control are commonly discussed and suggested to be properly supported in Rel-16.

Proposal: For UL timing control for both MPUE-Category1 and MPUE-Category2,
· Alt1. Support panel-specific timing control via introducing a new ID for a panel
· Alt2. Do not support panel-specific timing control.

Companies’ inputs/comments:
	Samsung
	Too early to discuss this issue without understanding use cases. For instance, with the current guidance from RAN4, is panel-specific timing control/advance essential? If “dynamic” panel switching can be assumed, does this imply inherent UE characteristic or the use of panel-specific timing advance?

	Intel
	Panel specific TA is out of scope.

	Huawei, HiSilicon
	Not fine for the proposal. Similar comments as in Section 2.4, the Case-2 is not in the scope, we need to discuss and confirmed it in RAN plenary first.

	ZTE
	As we mentioned in the above section, MPUE-Category1 can NOT work, and so we do NOT support any enhancement for this category.
Besides, we can support it for MPUE-Category2

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	




Issue#2.7: Multi-panel simultaneous PUSCH transmission

In Tdoc [5] and multiple other contributions, support of PUSCH transmission from one or multiple panel(s) at least for obtaining higher reliability is commonly proposed. Especially in Tdoc [5]: For simultaneous transmission on multiple panels, it is important to take into account use cases that are not only related to mobile UEs, but also other use cases, such as mobile terminals (MTs) in integrated access and backhaul (IAB), and vehicular terminals in vehicle-to-everything (V2X), where the ability to indicate the selected panel(s) for transmission or reception from the UE to the network is important, e.g., important for applications such as IAB with large number of beams expected at the mobile terminal (MT) of the IAB node, as compared to a regular mobile UE. It is also applicable to V2X with multiple antenna panels at the vehicular nodes.

Summary of Tdocs on this issue: Evaluation results from 5 6 companies including LLS, SLS, and some intermediate performance metrics submitted in this meeting:
· Results showing the performance gain of simultaneous transmission across multiple panels (STxMP)
· ZTE[2]:
· For LLS, in terms of average spectral efficiency,
· for 1-TRP Rx case, average 11.87% performance gain of STxMP over 1-best panel selection Tx, and 
· for 2-TRP Rx case, average 19.99% performance gain of STxMP over 1-best panel selection Tx are achieved.
· LGE[8]: 
· For LLS, positive throughput gains are observed all over the considered SNR points, and especially for low SNR region, above 70% throughput gains are observed.
· For LLS, approximately 2.8 dB SNR gains are commonly observed at 0.1 BLER point among some selected different MCS values, which shows clear benefits and importance of supporting STxMP at least for reliability/robustness, e.g., for URLLC traffic.
· For SLS, significant cell edge throughput gain (119.7%) of 2-panel STxMP over the best 1-panel selection based UL transmission (as baseline) is observed.
· NTT DOCOMO[25]:
· By showing an intermediate metric of RSRP difference from two UE panels, obtained from initial SLS with 2-TRP Rx case, it is observed for 3-sector/cell evaluation that approximately 
· 60% UEs show the metric is smaller than 5dB, and 
· 85% UEs show the metric is smaller than 10dB.
· Also, suggest to focus on low CDF range for practical importance of reliability for STxMP, emphasizing that 5% of users show less than 0.5dB RSRP differences.
· Nokia[18]:
· By showing an intermediate metric of RSRP difference from two UE panels, obtained from initial SLS with multi-TRP Rx case, it is observed for 3-sector/cell evaluation that approximately 
· 85% UEs show the metric is smaller than 5dB, and 
· 95% UEs show the metric is smaller than 10dB.
· Results showing marginal or negative performance gain of STxMP
· Huawei/HiSilicon[1]:
· By showing an intermediate metric of RSRP difference from two UE panels, obtained from initial SLS with single-TRP Rx case, it is observed for 3-sector/cell evaluation that approximately 
· 70% UEs show the cross-UE-panel RSRP difference is larger than 5dB, and 
· 40% UEs show the cross-UE-panel RSRP difference is larger than 10dB.
· Ericsson[17]:
· For SLS with 2-TRP Rx case, 
· [bookmark: _Toc534787586]comparing dual-panel transmission with best-panel transmission, the pathgain to the serving cell(s) is better if only the best panel is used.
· at low/medium load, the best performance is achieved when only the best panel is used.
· For SLS with single-TRP Rx case, 
· In terms of link gain and throughput, significant gain is achieved by increasing the number of panels(12,4), but there are marginal gains in STxMP(2 of 2, 2 of 4) because of large RSRP difference between UE panels.

Proposal: For MPUE-Category2, companies are encouraged to provide evaluation results via LLS and/or SLS for performance comparison between Scheme1 and Scheme2
· Scheme1) PUSCH scheduling with dynamic selection of one best panel only
· Scheme2) PUSCH scheduling with dynamic selection of one best panel or multiple best panels
Companies’ inputs/comments:
	LGE
	Support the proposal.

	Huawei, HiSilicon
	Not fine for the proposal. Case-2 is not in the scope of Rel-16.

	Ericsson
	Too late to investigate gains. Due to the limited progress, do not include STxMP in Release-16. 

	ZTE
	Support the proposal. 

BTW, ZTE results are based on above two Schemes. As we mentioned above, we do not know how the system works for MPUE-Category1.

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	





Enhancements on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead

	Agreement@RAN1#95
Decide (agree on) either one of the followings in RAN1 NR-AH 1901:
· Alt.1: Support sub-time unit for beam management RS shorter than 1 OFDM symbol in a reference numerology.
· No new RS for beam management is introduced in Rel-16.
· FFS: details including IFDMA-based, DFT-based, larger subcarrier spacing based, etc, or limited to only for P-3.
· Alt.2: No support of sub-time unit for beam management RS shorter than 1 OFDM symbol.

Agreement@RAN1#AH1901
For latency and overhead reduction for DL beam management,
· No new CSI-RS design and no new term such as ‘sub-time unit’ or ‘sub-symbol’ are introduced in Rel-16, i.e., no support of sub-time unit for beam management RS shorter than 1 OFDM symbol
Companies can provide further evaluation results and proposals for faster DL beam operation other than those requiring sub-time unit

Agreement@RAN1#AH1901
For UL beam management latency reduction in controlling PUCCH spatial relation, the maximum RRC configurable number of spatial relations for PUCCH (i.e., maxNrofSpatialRelationInfos) is increased to be 64 per BWP.
· FFS: RRC and/or MAC CE signaling overhead reduction related to this.




Based on reviewing the submitted Tdocs for this meeting, following issues and proposals are summarized for efficient online/offline discussions, where in general a single company proposal has not been prioritized. Note the relevant issues and proposals can be updated, added, or removed, depending on the discussions.

Issue#3.1: Spatial relation updates for AP-SRS via MAC CE

From the last meeting, multiple companies (11 companies) support that MAC CE based beam indication for aperiodic SRS, to reduce uplink beam management latency and overhead, where it is already supported for only semi-persistent SRS in Rel-15. Due to the lack of discussion time in RAN1#AH-1901, this issue couldn’t have a chance to be sufficiently discussed, and for this meeting, some new contributions showing the support of this (compared to the previous meeting) are found.

Proposal: For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS.

Companies’ inputs/comments:
	LGE
	Support.  Since SP-SRS is already supported with MAC CE based spatial relation update in Rel-15, AP-SRS is desired to have at least the same level of flexibility as SP-SRS.  Some company(s) argued in the last meeting that AP-SRS with spatial-relation-info set to AP-CSI-RS can achieve already even faster beam changing flexibility via the updated AP-CSI-RS beam, but we think this is still an indirect way, which unnecessarily requires additional RRC for the indirect mechanism and there are many other configurable reference RS other than AP-CSI-RS (for which cases such faster indirect way is even not applicable), so that it seems better to make it general/flexible in Rel-16.

	Samsung
	Support

	Intel
	Support

	Ericsson
	Support

	Nokia
	Support

	ZTE
	Support

	
	

	
	

	
	




Issue#3.2: Overhead reduction on updating PUCCH spatial relation 

In multiple contributions including Tdoc [17], it is suggested to support simultaneous spatial relation update for all or some PUCCH resources, e.g., per PUCCH resource set, for signaling overhead reduction.

Proposal: For signaling overhead reduction on updating spatial relation for PUCCH,
· Alt1. Support simultaneous spatial relation update for all PUCCH resources
· Supported by Huawei, HiSilicon, Intel, Ericsson, Nokia, 
· Alt2. Support simultaneous spatial relation update per PUCCH resource set group
· Supported by Ericsson, 
· Alt3. Do not support simultaneous spatial relation update for a group of PUCCH resources 
· Supported by 
· Alt4. PUCCH spatial relation info configured in a BWP could be applied across different BWP or different cells. 
· Supported by vivo


Offline Proposal: For signaling overhead reduction on updating spatial relation for PUCCH,
· Support simultaneous spatial relation update for multiple PUCCH resources
· FFS signaling details to be decided in next meeting, including down-selection/merging among the following options
· Alt1. Spatial relation update for all PUCCH resources in a CC by one MAC CE
· Alt2. Spatial relation update per PUCCH resource set
· Alt3. PUCCH spatial relation info configured in a BWP could be applied across different BWP or different cells
· Other options are not precluded.

Companies’ inputs/comments:
	Samsung
	Why is simultaneous spatial relation update for at least some PUCCH resources not on the list (where the benefit is quite clear)? Agreeing to this should be the first step before discussing whether the update can be for all resources or a resource set (the next step, after some additional analysis).

	vivo
	We would like to add Alt4 that the configured spatial relation for each PUCCH could be applied across different BWP or even different cells.

	Intel
	We think Alt1 and Alt2 should be restricted to be PUCCH resources in a CC. It may be applicable to multiple CCs in some cases (e.g. with cross CC QCL), but from signalling perspective, to define the signalling per CC could be easier.
Alt1 should be with lowest overhead and should be supported, and we suggest some wording refinement as follows:
“Support spatial relation update for all PUCCH resources in a CC by one MAC CE.”

	Huawei, HiSilicon
	Support Alt-1 in principle. We suggest more discussions for a better understanding on how this is to be incorporated on top of Rel-15. 

	OPPO
	Isn’t a RAN2 issue? Let RAN2 decides whether the overhead of MAC CE signalling is acceptable.  

	Ericsson
	Both alt 1 and alt 2 should be supported

	Nokia
	Support alt 1 in principle. We need to include ‘multiple’ resource to be updated at once.

	ZTE
	Support Alt2 with the following modification.
· Support simultaneous spatial relation update per PUCCH resource set group 
In current spec, PUCCH resource set has a clear definition, which is based on the PUCCH payload size.

	
	




Issue#3.3: Extending TCI-state to include SRS resource as a spatial source for a target DL RS 

In multiple contributions including Tdoc [18], it is suggested to support enhancements on the TCI-state specification to use of UL SRS resources as a spatial source for a target DL RS or any DL RS.

Proposal: For configuration on TCI-state,
· Alt1. Support enhancements on TCI-state to include a SRS resource as a spatial source for a target DL RS.
· FFS: applicable target DL RS(s)
· Supported by Samsung, Nokia
· Alt2. Do not support enhancements on TCI-state to include a SRS resource as a spatial source for a target DL RS.
· Supported by 


Offline Proposal: Decide in next meeting whether to support enhancements on TCI-state to include a SRS resource as a spatial source for a target DL RS.
· If supported, FFS applicable target DL RS(s) and the signaling details

Companies’ inputs/comments:
	Samsung
	This reduces latency for UEs with beam correspondence 

	Intel
	We understand there could be some benefit to involve SRS in a TCI state. Some issues may need to be clarified:
1) Whether the SRS indicates SRS for BM or all types of SRS
2) Whether this is applicable to UE without beam correspondence

	Ericsson
	Why would an SRS be used if the UE has beam correspondence?

	Nokia
	Support

	ZTE
	If our understanding is correct, we should support local-beam sweeping for SRS firstly. Is it correct? If not, according to the Rel-15, we fail to see any latency reduction through introducing SRS for TCI state.

	
	

	
	

	
	

	
	



Issue#3.4: Increasing the maximum number of RRC configured candidate beams for BFR

In multiple contributions including Tdocs [1][31], it is suggested to increase the maximum number of RRC configured candidate beams for BFR from 16 to 64 per BWP per CC and then using MAC-CE message to choose a subset of them for new beam identification.

Proposal: Support configuring up to 64 candidate beams by RRC signalling and then MAC-CE message to choose a subset as active resources for new beam identification in Rel-16


Offline Proposal: Support configuring up to 64 candidate beams for BFR by RRC signaling.
· FFS signaling details including whether MAC-CE message can choose a subset of the candidate beams as active resources for new beam identification in Rel-16

Companies’ inputs/comments:
	Huawei, HiSilicon
	Supported

	ZTE
	We can support the first part of the proposal, but “and then MAC-CE message to choose a subset as active resources for new beam identification in Rel-16” should be FFS.
BTW, we wonder whether this issue is in this MIMO-WID or not?

	
	

	
	

	
	

	
	

	
	

	
	

	
	








Proposals in Tdoc

[1] R1-1901568	Enhancements on multi-beam operation	Huawei, HiSilicon
Proposal 1: For latency reduction, study mechanisms to reduce RRC reconfiguration via introducing new MAC-CE/DCI indications for BM and to reduce beam training latency via defining clear beam selection rules. 
Proposal 2: Support configuring up to 64 candidate beams by RRC signalling and then MAC-CE message to choose a subset as active resources for new beam identification in Rel-16. 
Proposal 3: For overhead reduction, study mechanisms to reduce the transmission of periodic beam-sweeping signals and to relax the scheduling constraints over the OFDM symbols carrying BM RS like SSB when UE does not perform Rx beam switching. 
Proposal 4: RAN1 introduces a new ID to represent a virtual UE panel, with the common understanding that it does not imply any specific UE antenna implementation. 
Proposal 5: No support simultaneous UL multi-panel transmission in Rel-16. 

[2] R1-1901635	Enhancements on Multi-beam Operation	ZTE
Proposal 1: Simultaneous UL transmission across multiple UE panels should be supported in Rel-16.
Proposal 2: Down-select the following options of specifying an identifier (ID) which is used for indicating panel-specific UL transmission.
· Opt-1: SRS resource set ID
· Only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant;
· SRS resources in different SRS resource sets can be transmitted simultaneously.
· Opt-2: UE antenna group ID
· Different UL RS resources associated with the same UE antenna group ID can NOT be transmitted simultaneously. 
· Different UL RS resources associated with different UE antenna group ID can be transmitted simultaneously.
· Specify that this identifier (ID) and a reference DL RS can be assigned/configured together as spatialRelationInfo for a target SRS resource
· FFS: this identification and a reference SRS can be assigned together in this case.
Proposal 3: Up to X>1 SRS resource set can be configured for codebook based PUSCH transmission, where an SRI codepoint in DCI can be associated with one or more SRS resources through one MAC-CE signaling
· Notes that only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant.
· Notes that SRS resources in different SRS resource sets can be transmitted simultaneously.
· FFS: enhancement for non-codebook based PUSCH transmission, e.g., more than 1 SRS resource set.
Proposal 4: In order to reduce overhead of UL beam management, the association between wide beam and narrow beam should be supported.
· FFS: the mechanism of association between wide beam and narrow beam, e.g., UL RS resource-set level association, and configuration of spatial granularity level for UL RS resource or resource set.
Proposal 5: In order to improve power efficiency for multi-beam/panel operation, it should be considered to support activating or deactivating UE antenna group(s). 
· Use “Panel ID” to activate/de-activate resources/resource sets associated with the indicated “Panel ID”.
· Study antenna group activation or deactivation mechanism.
· Study antenna-group-specific beam measurement/indication.
Proposal 6: Study using Rel-15 beam specific PHR framework to handle the MPE issue and if required, specify enhancements to the beam specific PHR framework
Proposal 7: In order to support UL multi-beam/panel operation, it should be considered to support panel-specific UL power control.
· Study mechanisms of configuring multiple power control parameters and associating them with one single UL transmission.
Proposal 8: Extension of Rel-15 group based beam reporting should be considered to support more Tx beams and/or more groups to be reported according to the requirements for supporting DL and UL multi-panel/TRP in Rel-16 NR-MIMO.
· Study to enhance group based beam reporting considering criteria related to spatial multiplexing.
Proposal 9: For DL beam indication for multi-beam operation, support two step MAC-CE for TCI enhancement 
· Step 1: N2 TCI states are selected from RRC configured pool of TCI states, which is the same as Rel-15.
· Step 2: N3 active TCI candidates, each of which includes 1 TCI state or 1 TCI state pair, are selected or combined from the N2 TCI states.
· The N3 active TCI candidates are associated with TCI codepoints in DCI, respectively
· Study how to save TRS overhead considering the flexibility of beam indication and demodulation performance of PDSCH. 

[3] R1-1901703	Further discussion on multi beam operation	vivo
Proposal 1:
· The PUCCH spatial relations configured in one BWP can be shared across different BWPs within the cell. 
· The DL RS configured in the TCI state pool could be used as the spatial relation info for PUCCH.
· The TCI state configured in one BWP can be shared across different BWPs within the cell.
Proposal 2:
· CORESET#0 QCL assumption can be used as default QCL for other DL/UL channels/RSs beam indication to reduce the RRC configuration overhead.
Proposal 3:
· Support the functionality of aligning the gNB’s and UE’s understanding on the panel used for DL beam measurement.  
Proposal 4:
· An SRS resource set ID is used as the UE panel ID at least for indicating panel-specific UL transmission to reduce the impact on Rel-16 spec.
· The UE panel ID can be configured in spatial relation info for UL transmission.
Proposal 5:
· For UE panel activation and deactivation,  the following issues should be further discussed:
· Network and UE alignment of panel activation/deactivation;
· Impact to DL control/data reception, DL CSI measurement and DL beam management;
· Impact to UL data/control transmission, SRS for beam management, SRS for codebook and non-codebook transmission.
Proposal 6:
· MPE discussion in RAN1 should not start before Rel-15 RAN4 discussion is fully concluded.

[4] R1-1901790	Enhancements on Multi-beam Operation	MediaTek Inc.
Proposal 2: U-3 procedure which allows UE local TX beam sweeping around an indicated spatial relation information is supported for reducing UL beam training overhead.

[5] R1-1901904	Enhancements on multi-beam operation	AT&T
Proposal 1:  An identifier (ID) that can be used to indicate panel-specific UL transmission should be considered 
Proposal 2: DL beam reporting enhancements to include receive beam information should be considered for efficiency and overhead reduction. 
Proposal 3: Simultaneous UL transmission across multiple panels should be considered for UL beam management enhancements.
Proposal 4: a UE triggered beam management procedure should be studied in NR for overhead reduction

[6] R1-192020	Enhancements on multi-beam operation	CATT
· Extend the number of SRS resource sets (for CSI) beyond 1, with 2 SRS resources per set, where 1-bit SRI in UL grant points to a SRS resource in the latest SRS resource set.
· Extend SRS triggering bitfield beyond 2-bits. 
· For panel-specific beam selection, support alt-2 (which is already supported in Rel.15), where the ID of the RS configured in “SpatialRelationInfo” implicitly identifies the UE panel. 
· Discuss if any new functionality is needed in Rel.15 to warrant a different ID for panel-specific beam selection. 

[7] R1-1902074	Enhancement on multi-beam operation	Fujitsu

[8] R1-1902092	Discussion on multi-beam based operations and enhancements	LG Electronics

Proposal 1: To properly support UEs having independent PA per panel for codebook and non-codebook based UL, agree either one of the following:
· Alt.1: Support configuration of up to X SRS resource sets (X>1) for the same time domain behaviour (periodic, semi-persistent, or aperiodic) for both codebook based UL and non-codebook based UL.
· Alt.2: Support independent PC parameter setting for different SRS resource(s) within a single SRS resource set for both codebook based UL and non-codebook based UL.
Proposal 2: Support simultaneous transmission across multiple panels (STxMP) in Rel-16, and further details on multiple SRI indication in UL grant for CB-UL should be investigated taking into account practical aspects including DCI field size limitation and UE capability on UL coherent transmission.
Proposal 3: UE’s panel activation/deactivation is discussed in UE power saving agenda. 
Proposal 4: Higher-layer signaling optimizations including proposal on simultaneous spatial relation update for all PUCCH resources should have lower priority especially when the functionality is not to be changed compared to Rel-15.
Proposal 5: Mechanisms for improving robustness of PUCCH beam management need to be considered, including PUCCH beam sweeping and multi-beam PUCCH transmissions.
Proposal 6: For overhead and latency reduction required for RX beam selection,
· Add an RRC parameter (e.g., up to 2 bits under NZP-CSI-RS-config IE) to indicate the existence of other NZP-CSI-RS resource(s) configured for other UE(s) on the symbols of the given NZP-CSI-RS.
Proposal 7: Consider UE-assisted BM enhancement feature such as Tx beam change request by UE to reduce BM latency and overhead, rather than UE-initiated trigger-based new BM mechanism. 

[9] R1-1902122	Enhancements on UE multi-beam operation	Fraunhofer IIS, Fraunhofer HHI
Proposal 1: Support configuration of more than one SRS resource set for ‘codebook’ and ‘nonCodebook’ based SRS per time-domain behavior. 
Proposal 2: SRS resources that can be transmitted simultaneously shall be grouped into different SRS resource sets for ‘codebook’ and ‘nonCodebook’ SRS usage values, i.e., use SRS resource set ID as the identifier of a ‘panel’ at the UE.
Proposal 3: UE reception information shall be reported during a DL CSI or beam reporting instance to aid the gNB to perform UL sounding with specific SRS resource set(s) or configure SpatialRelationInfo. SRS-ResourceSetId and SRS-ResourceId values shall be potential candidates for the same when beam correspondence is applicable.
Proposal 4: UE panel activation/deactivation shall be left to UE implementation. The gNB shall not be informed or involved in activation/deactivation of UE panels.

[10] R1-1902162	Discussion of multi-beam operation	Lenovo, Motorola Mobility
Proposal 6: gNB shall explicitly assign an unique ID for each panel and one panel ID will be associated with higher layer parameters including PUSCH-Config, PUCCH-Config and SRS-Config IE.
Proposal 7: SRS resources within one SRS resource set transmitted by one panel are defined as an SRS resource group with a group ID, where the panel ID can be used as the group ID. All SRS resources belong to the same group share the same panel-specific configurations.
Proposal 8: The gNB could group the SSB and CSI-RS into different DL RS sets corresponding to different panels, the DL RS set ID is just the panel ID.
Proposal 9: DMRS group could be introduced for panel-specific UL transmission and the DMRS group ID can be treated as an panel ID.

[11] R1-1902184	Enhancements on multi-beam operation	Sony
Proposal 1: An SRS resource set ID can be used for UL panel-specific beam selection.
Proposal 2: The ID of SRS resource set with usage of ‘beam management’ can be used for UL panel-specific beam selection.
Proposal 3: The ID of SRS resource set with usage of ‘NCB’ or ‘CB’ can be used for UL panel-specific beam selection, if the maximal number of SRS resource sets can be increased to the number of UE antenna panels.
Proposal 4: Expand SRS sequence number or sequence length to distinguish SRS resources configured in each antenna panel.
Proposal 5: For PDSCH multi-beam indication, NR studies and if necessary specifies the detail signaling within a single PDCCH. 
Proposal 6: RAN1 studies and, if necessary, specifies the measurement procedures which facilitate a UE to measure interference beams from neighbor cell(s). 
Proposal 7: It is proposed that companies study most efficient method for a UE to gain access to the polarization properties of the gNB beams. 

[12] R1-1902306	Enhancements on multi-beam operation	Samsung
· DL/UL beam indication with reduced latency/overhead:
1. Revisit Rel.15 features and assess possible reduction in reconfiguration signaling requirement for DL/UL beam indication (for data and control channels)  
· Streamline options/states (e.g. the number of CSI-RS resources, QCL associations) defined in RRC and/or use L1 control signaling instead
2. Introduce the use of SRS for aiding DL beam indication by including SRS resource ID in TCI state definition
3. Support DCI format 0_0 for any SCell in FR2 even when PUCCH resource configuration is absent 
· UL beam indication for multi-panel UE: At least for UL codebook-based transmission, 
1. Circumvent the unnecessary use of target SRS by introducing UL TCI states (analogous to DL TCI) which are directly associated with reference RS resource IDs (i.e. Alt2)
· The DCI field used for UL beam indication selects the UL TCI state, either a new DCI field or reusing the existing SRI field
· Note: To use this feature for UL multi-panel beam indication, a panel indication can be associated with an UL TCI state indication.

[13] R1-1902339	Enhancements on multi-beam operation	CMCC
Proposal 1: To support panel-specific UL transmission, gNB should know the panel ID in which UE uses to receive a SSB/CSI-RS resource.
Proposal 2: The enhancement of group-based beam reporting should be considered in Rel-16 for both multi-panel and multi-TRP transmission.

[14] R1-1902408	Enhancements on UL Multi-beam Operation	Asia Pacific Telecom co. Ltd
Proposal 1	Support RS resource set ID as panel ID. That is consider SRS resource set ID in Alt. 1 and DL RS resource set ID under beam correspondence assumption.
Proposal 2	Supporting synchronized information between gNB and UE. The synchronized information includes panel activation/deactivation report if it is reported by UE. The synchronized information includes panel activation/deactivation instruction if it is signalled by gNB.

[15] R1-1902503	On beam management enhancement		Intel Corporation
Proposal 1: Since gNB has no information of UE beam status, with regard to overhead and latency reduction, it should be supported that UE can trigger CSI-RS with repetition=ON and report the number of CSI-RS resources it required.
Proposal 2: To reduce UE beam searching latency, signalling of the QCL information between SSBs should be supported.
Proposal 3: MAC CE based beam indication for periodic and aperiodic SRS should be supported to reduce uplink beam management latency.
Proposal 4: Introduce indication of the partial spatial relation info for SRS to support local Tx beam search for the UE and reduce overhead for uplink beam management.
Proposal 5: With regard to signalling overhead reduction, it should be supported that 1 MAC CE can be used to change spatial relation info for all PUCCH resources in a BWP.
Proposal 6: It should be supported that UE can report its antenna port(s) group index for a SSB/CSI-RS resource in a beam reporting instance.
Proposal 7: With regard to power emission safety, it should be supported that in a beam reporting instance, UE can report the maximum power reduction when the corresponding SSB/CSI-RS is configured in a spatial relation info.
Proposal 8: It should be supported that the ID to indicate a UE panel should be configured explicitly in a spatial relation info.
Proposal 9: To support beam indication in a panel-selection manner should have a higher priority than simultaneous multi-panel transmission.

[16] R1-1902523	On enhancements for multi-beam operations for NR MIMO in Rel. 16	Panasonic
Proposal 1: An identifier (ID), agreed in RAN1#95, that can be used at least for indicating panel-specific UL transmission is associated with a RS resource/resource set
· To allow possible one-to-one linkage between the new ID for panel and SRS resource set ID
· FFS the details related to other panel-specific transmission and UL beam management parameters that can be indicated by this new ID for panel

[17] R1-1902529	Enhancements to multi-beam operation	Ericsson
Proposal 1	Enable update of the spatial relation of aperiodic SRS with MAC-CE signaling.
Proposal 2	Introduce concept of flexible spatial relation that enables the UE to update the UE TX beam by itself without the NW updating the spatial relations.
Proposal 3	Enable simultaneous spatial relation update for all PUCCH resources to reduce signaling.
Proposal 4	Introduce the possibility to use a CORESET when configuring a spatial relation.
Proposal 5	Introduce the possibility to configure several QCL sources for one RS.
Proposal 6	Introduce the possibility to configure an aperiodic TRS with the same TCI states as the periodic TRS.
Proposal 7	Introduce a semi-persistent TRS which can be configured with the same TCI states as the periodic TRS.
Proposal 8	Introduce a field in the CSI-RS resource description that states that nothing is transmitted in REs not used for CSI-RS in the OFDM symbol where the CSI-RS is mapped.
Proposal 9	Introduce an identifier (UTE) that can be used to support improved multi-panel scheduling uplink.
Proposal 10	Do not introduce support of simultaneous transmission over multiple UE antenna panels.

[18] R1-1902564	Enhancements on Multi-beam Operation	Nokia, Nokia Shanghai Bell
Proposal 1: Adopt combination of Alt.2 and Alt.3 as a baseline for the scope of the identifier:
- An ID, which can be associated to a reference and target RS resource and/or resource set
Proposal 2: UE capability signaling supports indicating the space of the identifier that indicates the number of panels visible to gNB UE would support.
Proposal 3: Support UE panel aware beam reporting for panel specific uplink beam selection by including the (panel) identifier to the reported beam measurement result.
Proposal 4: Support separate measurement configuration and reporting for determining UL TX beam based on DL RSs to provide information about which DL RSs are feasible to determine good uplink beams from achievable EIRP point of view.
Proposal 5: Support configuration of up to X SRS resource sets (X>1) for the same time domain behaviour (periodic, semi-persistent, or aperiodic) for both codebook based UL and non-codebook based UL.
Proposal 6: Support associating the (panel) identifier to an SRS resource set (and correspondingly to SRS resources within the set).
Proposal 7: Study whether there is need to define a fallback operation and related conditions and mechanisms from configured/activated/triggered multi-panel transmission to single-panel transmission for SRS and PUSCH.
Proposal 8: Path loss reference indicated by SRI should be associated to the same (panel) identifier as the SRS resource set to which the SRI indicated SRS resource belongs.
Proposal 9: Support common spatial relation info configuration (RRC) and MAC activation command across all the PUCCH resource sets for PUCCH.
Proposal 10: Use S0, …, S5 in PUCCH spatial relation Activation/Deactivation MAC CE to activate one of the configured spatial relation infos. S6 and S7 can be reserved bits. 
Proposal 11: Support determining spatial QCL source for e.g. CSI-RS for CSI acquisition, CSI for RLM, PUCCH and SRS for codebook/non-codebook from the activated TCI state of the certain CORESET when TCI state (downlink) or spatial relation info (uplink) is not explicitly configured for the resource.
Proposal 12: Support updating path loss reference RSs for UL power control with the MAC-CE based signalling mechanism.
Proposal 13: Support TCI-state specification to use of UL SRS resources as a spatial source for DL DMRS resource or any DL RS in Rel-16 NR.
Proposal 14: Text proposal to 3GPP TS 38.331 in Annex. B, required changes marked with green color.
Proposal 25: Study the potential of UE event driven/based mechanisms for beam management

[19] R1-1902615	Enhancement for multi-beam uplink operation 	InterDigital, Inc.
Proposal 1: Support association between SRS resources and UE transmit panel for panel-specific transmission 
Proposal 2: Study requirements and signaling for indication of number of panels and ports per panel 
Proposal 3: Support simultaneous uplink multi-beam transmission, FFS whether beams are from the same or multiple panels 

[20] R1-1902630	Enhancements on multi-beam operation for multi-panel transmission	China Telecommunications
Proposal 1: Support PUSCH transmission from UE’s active panels simultaneously.
Proposal 2: Study beam-swept SRS transmission period adaption mechanism to find the suitable SRS period for latency and overhead reduction by means of MAC CE signaling.
Proposal 3: For UL beam management, gNB should control and select proper beam-swept SRS transmission via RRC configuration.
Proposal 4: 	At least Alt.2 should be selected or included. The supported ID should be directly associated to a reference RS resource and/or resource set.
Proposal 5: Support both gNB indication on UE’s panel activation/deactivation and UE’s own decision on some of UE’s panel activation/deactivation with informing this to gNB.

[21] R1-1902687	Discussion on multi-beam operation		NEC

[22] R1-1902704	Discussion on Multi-beam Operation Enhancements	OPPO
Proposal 1: Study the relevant scenario(s) and determine whether the activation command of MAC CE can be avoided in the identified scenario(s) for the dynamic beam indication of PDSCH in order to reduce the signaling overhead and latency.
Proposal 2: Study and determine whether or not NW can configure more than 2 SRS resources for codebook-based PUSCH.
Proposal 3: For UE with multiple Tx panels, study and specify the potential mechanisms for efficient power consumption
-  E.g., signaling to support fast turn-off / turn-on of some panel(s)
Proposal 4: For UE with multiple Tx panels, only PUSCH from single panel is supported in Rel-16
Proposal 5: SRS resource indicator can explicitly indicate the panel-specific PUSCH transmission.
Proposal 6: For UE with multiple Tx panels, study and determine whether or not there are some issues regarding timing advance based on solid evaluations.

[23] R1-1902714	Discussion on multi-beam operation		Spreadtrum Communications
Proposal 1: Study event triggered beam reporting where partial beam failure happens
- FFS: the detailed mechanism for partial beam failure event, e.g., reporting content, resources for reporting
Proposal 2: Support to introduce a new ID for indicating panel-specific UL transmission
Proposal 3: Support Alt.4 for indicating panel-specific UL transmission
Proposal 4: PUSCH transmission from one panel only should be firstly discussed.
- If supporting PUSCH transmission from multiple panels/beams simultaneous transmission, it should be one optional UE capability.

[24] R1-1902768	Considerations on beam measurement and reporting enhancement	Apple Inc.
Proposal 1: NR to support UE event based aperiodic beam measurement reporting.
- FFS: the detailed events and configurations
Proposal 2: NR to support UE report to assist gNB configuring and triggering beam manage procedure (P1/P2/P3/U1/U2/U3)
- FFS: (1) Detailed channels/mechanism to send such report from UE and (2) detailed events and triggering conditions
Proposal 3: NR to support UE request for the number of resources for P3/U3 (P1/U1) beam management procedure
Proposal 4: NR to support UE request for the preferred configuration of periodic and aperiodic beam measurement/reporting
Proposal 5: NR to configure multiple SRS resources with different Tx beams corresponding to a same reference RS (e.g. SSB, CSIRS or SRS).
Proposal 6: NR to study configure multiple transmit/receive beams with uplink and downlink slot aggregation
Proposal 7: NR to study enhance beam management framework specifically for human body blockage.

[25] R1-1902813	Discussion on multi-beam enhancement	NTT DOCOMO, INC.
Proposal 3-1: Not “beam measurement” or “beam reporting” but “beam selection” to reduce latency and overhead should be first discussed, as specified in the WID.
Proposal 3-2: Low latency beam selection should be specified. Low signalling overhead beam selection should be specified.
Proposal 3-3: UE assumes TCI state of PDSCH is the same as that of the scheduling PDCCH, regardless of whether the time offset between the PDSCH and the PDCCH is within the threshold or not, for reducing signalling overhead and latency for TCI state indication of PDSCH.
Proposal 3-4: For PDCCH beam selection, updates of the QCL assumption without explicit indication should be supported.
Proposal 3-5: For low latency beam selection of PDCCH, allow either of multiple RSs as a source of TRS.
- gNB doesn’t inform UE which of RSs is QCL-D with the TRS.
- gNB can update QCL assumption of the TRS without explicit indication to UE.
Proposal 4-1: Simultaneous UL multi-analog beam transmission using multi-panel should be supported.
Proposal 4-2: An indication of multiple SRIs corresponding to UE’s multi-analog beams should be supported.
Proposal 4-3: RAN1 should clarify the detailed usage(s) of the ID for panel-specific UL transmission.
Proposal 4-4: A mechanism for NW to obtain an association between UE panel and CSI-RS/SSB resource should be considered.
- For example, UE reports panel ID with CSI-RS/SSB resource index in beam reporting.
Proposal 4-5: For periodic/aperiodic SRS, the activation/deactivation of the SRS resource corresponding to PUSCH spatial relation by MAC-CE should be supported.
Proposal 4-6: For low signaling overhead of indication of the spatial relation info for SRS/PUCCH, specify UE behavior of assumption of the spatial relation info, if the spatial relation info is not configured in FR2
- if the spatial relation info is not configured in FR2, UE assumes the RS of the spatial relation info is the same as the source of DL RS of active TCI state with QCL-D.
- in case multiple TCI states are activated, the TCI state above is QCL assumption of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot

[26] R1-1902833	Views on multi-beam operation	Mitsubishi Electric Co.
Proposal 1: Combined Alt. 2 and Alt. 3 “an ID, which can be assigned for a target and reference RS resource or resource set” to support panel specific UL transmission
Proposal 2: Use “group ID” for the ID in Proposal 1
Proposal 3: Support a mechanism to allows simultaneous multi-panel transmission
Proposal 4: Number of group IDs for UL shall be configurable, depending on distance between TRPs/panels or distance between TRPs/panels and UE

[27] R1-1902866	Enhancements on beam management	Beijing Xiaomi Electronics
Proposal 1: UE can report the beam measurement results during initial access procedure or just after RRC connection completion to reduce latency.
Proposal 2: NR should further study the necessity of event-driven UE initiated beam reporting and specify the details of event(s).

[28] R1-1902954	Discussion on multi-beam operation		KDDI Corporation
Proposal 1: Regarding the supporting simultaneous multi-panel UL transmission for PUSCH, RAN1 should consider/define the use case(s) first. 
Proposal 2: Msg3 beam management for latency enhancements should be specified. 
Proposal 3: DL beam measurement procedure in beam management can be skipped if Msg3 beam management is applied for random access procedure. 

[29] R1-1903044	Enhancements on Multi-beam Operation	Qualcomm Incorporated
Proposal 7: NR shall enable mechanism to associate each SRS resource set with a panel for both ‘codebook’ and ‘noncodebook’ based PUSCH transmission. 
Proposal 8: SRI field in the DCI can be expanded to select multiple SRS resources belonging to multiple SRS resource sets, where each set is associated with a panel.  SRI to SRS resource table mapping shall be extended to include SRS resources across SRS resource sets.
Proposal 9: Study whether panel-level TA is needed for multi-panel UL transmissions.
Proposal 10: UL Beam Selection: SRI field in the DCI can be used to indicate multiple SRS resources associated with different SRS resource sets for UL transmission, and the UE may select for UL transmission a subset of the indicated SRS resources with corresponding UL beams that point away from human body.
Proposal 11: At least for the use cases other than simultaneous Tx of SRS resources for BM, the ID for indicating panel-specific UL transmission is clarified as below
- Spatial Tx filters associated with same ID cannot be transmitted simultaneously.
- Spatial Tx filters associated with different IDs may or may not be transmitted simultaneously, depending on UE capability.
- UE may indicate max # or combinations of IDs whose spatial Tx filters can be transmitted simultaneously.
- Maximum # of supported spatial layers associated with each ID depends on UE capability
Proposal 12: The use of ID for indicating panel-specific is optional.
Proposal 13: For enhanced reliability and robustness, support single DCI transmission over multiple TCI states
Proposal 14: Study and specify PUCCH repetition/selection across multiple beams for enhanced reliability and robustness
Proposal 15: Study and specify L1 event trigger-based report for fast beam selection.
Proposal 16: Mechanisms to reduce latency in beam selection for CDRX operation shall be studied and specified.

[30] R1-1903047	Enhancements on multi-beam operation	ASUSTEK COMPUTER (SHANGHAI)
Proposal 1: NR Rel-16 supports mechanisms for changing UE panel status and indicating related UE panel status. 

[31] R1-1903159	On Beam Failure Recovery for SCell	Convida Wireless
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