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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

For purpose of further discussion on this topic for RAN1#96 and future meetings
Following multi-panel UE (MPUE) categories can be used for discussions on possible enhancements over Rel-15, if needed.
· MPUE-Assumption1: 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
· MPUE-Assumption2: Multiple panels are implemented on a UE and multiple panels can be activated at a time and one or more panels can be used for transmission
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission
Note: Above does not imply the support of either one or both of the categories 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
Note: There is no consensus among the companies in RAN1 whether MPUE-Assumption2 is in the work scope of Rel-16 WI

Agreement@RAN1#96
If RAN1 cannot agree on the support of at least one of MPUE-Assumption1, MPUE-Assumption2, MPUE-Assumption3, enhancements on panel-specific beam selection for uplink will not be supported in Rel-16.
Deadline for decision: RAN1#96bis

Agreement@RAN1#96bis
In Rel-16, only introduce specification enhancement for MPUE-Assumption3
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission.
· Note that this does not require a UE to always activate multi-panels simultaneously
· Note: UE can control the panel activation/deactivation 
· Possible use cases at least include
· (General) UL coverage enhancement for FR2 considering the UE power consumption 
· Discussion topics in Rel-16 include:
· Details on the identification for a panel and corresponding panel definition
· Any enhancement introduced in Rel-16 should take further enhancement of simultaneous transmission across multiple panels for future releases into account. 
This is a UE optional feature

Working Assumption@RAN1#96bis
The agreed ID (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH and SRS, among multiple activated panels.
· FFS details, including an explicit/implicit indication of the panel, also considering beam correspondence at UE.
· FFS on whether the ID can be used for panel-specific PRACH transmission, if supported.




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: Details on the identification for a panel

In most of submitted Tdocs, it has been discussed on how to specify the identification for a panel to be used for indicating a specific UL transmission based on the agreement made in RAN1#96bis. At least for non-beam correspondence (NBC) UEs, multiple Tdocs including [2], [6], [13], [15], [20], [23], [26] discussed to reuse a SRS resource set for an indicator for a panel. Also, in many Tdocs including [2], [4], [5], [11], [12], [14], [20], [21], [24], it is suggested that an ID for a panel should be included in DL beam reporting to assist gNB’s and UE’s alignment of panel usages on DL measurement and reporting, at least for beam correspondence (BC) UEs. 
[bookmark: _GoBack]To my understanding, there needs to be one part for gNB to gather panel-wise information/measurement, and another part for gNB to configure/indicate Tx panel based on the panel-wise information/measurement. In this regard, I’d like to propose to re-formulate the Alts in the previous agreement at RAN1#AH1901 as follows, to see the whole related procedures including NBC/BC cases. Note that Part1 and Part2 below would eventually be independent features in specification.

Proposal: 
Part1) To support UE-panel differentiation at gNB, support following functionalities

(At least for non-BC UEs)
Proposal: To support UE-panel differentiation at gNB, at least for non-BC UEs, SRS for BM can be transmitted from/across activated UE panels.
· Alt1: For a given time-domain behavior, each SRS resource set for BM is mapped to each Tx panel 
· [Note: SRS resource set for BM corresponds to one panel-specific ID whose mapping to Tx panel is purely up to UE implementation and unknown to gNB.]
· If multiple SRS resource sets for BM are configured with the same time-domain behavior, gNB can assume that different SRS resource set is transmitted from different UE Tx panel.
· Supported by: OPPO, Sony, Qualcomm, APT, vivo, Fraunhofer
· Alt2: a new panel-specific ID is configured to each SRS resource or each SRS resource set
· Supported by: LGE, Intel, ZTE, Panasonic, Lenovo, Motorola Mobility, Nokia, Mitsubishi Electric, Huawei, HiSilicon, 
· Alt3: Transmission of SRS for BM from which one of activated UE panels is purely up to UE implementation and unknown to gNB (even per resource level or set level).
· Support: CATT, 

(For BC UEs)
Proposal: To support UE-panel differentiation at gNB, at least for BC UEs, UE panel information is reported by UE during DL beam management.
· Alt1: for DL beam reporting, a SRS resource set ID for BM is reported together with CRI/SSBRI 
· Support (5 companies): OPPO, Qualcomm, APT, vivo, Fraunhofer
· Alt2: for DL beam reporting, a new panel-specific ID is reported together with CRI/SSBRI
· Support (10 companies): LGE, Intel, ZTE, Panasonic, Lenovo, Motorola Mobility, Nokia, Mitsubishi Electric, Huawei, HiSilicon, 
· Alt3: No support of enhancement on DL beam reporting in which UE panel-related information is also reported.
· Support (2 companies): CATT, Sony


Part2) UE Tx panel indication from gNB for sub-sequent target UL channel(s)/RS(s)
Proposal: gNB can configure/indicate UE Tx panel for PUCCH and SRS for CB/non-CB/AS, via
· AltA: SRS resource set ID for BM (if Alt1 is supported) or a panel-specific ID (if Alt2 is supported) is configured in spatial relation info for PUCCH and SRS for CB/non-CB/AS
· Support (2 companies): Intel, ZTE,
· AltB: SRS resource set ID for BM (if Alt1 is supported) or a panel-specific ID (if Alt2 is supported) is configured in the target PUCCH resource and SRS resource for CB/non-CB/AS
· Support (4 companies): LGE, Panasonic, Lenovo, Motorola Mobility,
· AltC: Panel is implicitly identified by spatial relation info for PUCCH and SRS for CB/non-CB/AS with no additional configuration.
· Support (6 companies): OPPO, Qualcomm, APT, vivo, Fraunhofer, CATT



Offline proposal
gNB can configure/indicate panel-specific transmission for UL transmission, via
· Alt.1: an SRS resource set ID is used for panel-specific transmission, which is implicitly associated in SRS in spatial relation info.
· Support: Qualcomm, vivo, OPPO, Fraunhofer, Sony, APT
· Alt.2: Introduce a UL-TCI framework in Rel-16 and support UL-TCI based signaling analogous to DL beam indication supported in Rel-15, e.g., as illustrated below.
· A new panel ID may or may not be introduced.
· A panel specific signaling is performed using UL-TCI state
· Support: Samsung, Ericsson, AT&T, Nokia/NSB, DOCOMO, IDC, CATT
· Alt.3: a new panel-ID is introduced, which can be implicitly/explicitly applied to the transmission assigned/associated/ configured for a target RS resource or resource set, for PUCCH resource, for SRS resource, FFS for PRACH
· A panel specific signaling is performed using the new panel-ID implicitly (e.g., by DL beam reporting enhancement) or explicitly.
· If explicitly signaled, the ID can be configured in the target RS/channel or reference RS(e.g., in the DL RS resource configuration or in spatial relation info).
· No new MAC CE is specified for the purpose of introducing the ID.
· Support: Huawei/HiSi, ZTE/Sanechips, MediaTek, LGE, Motorola/Lenovo, vivo (2nd preference), Qualcomm, Intel, Spreadtrum, Sony,
· Alt.4: a new panel-ID is introduced, which is additionally configured in spatial relation info
· Spatial-relation-info can include {a CSI-RS resource with a panel-ID, a SSB with a panel-ID, a SRS resource with a panel-ID}
· A panel specific signaling is performed using the new panel-ID implicitly (e.g., by DL beam reporting enhancement) or explicitly.
· FFS for PRACH
· Support: ZTE/Sanechips, Intel, Huawei/HiSi, Spreadtrum, MediaTek, LGE, Sony (2nd preference) 

 (For example) Alt.2 UL-TCI states
	Valid UL-TCI state Configuration
	Source (reference) RS
	(target) UL RS 
	[qcl-Type ]

	1
	SRS resource (for BM) + [panel ID]
	DM-RS for PUCCH
or SRS or PRACH
	Spatial-relation

	2
	DL RS(a CSI-RS resource or a SSB) + [panel ID]
	DM-RS for PUCCH
or SRS or PRACH
	Spatial-relation

	3
	DL RS(a CSI-RS resource or a SSB) + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	4
	DL RS(a CSI-RS resource or a SSB) 
and SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	5
	SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]

	6
	UL RS(a SRS for BM) 
and SRS resource + [panel ID]
	DM-RS for PUSCH
	Spatial-relation
+ [port(s)-indication]




Companies’ inputs/comments (if any):
	LGE
	For Part1, we think that there is no big technical difference between Alt1 and Alt2. For commonality for BC and non-BC UEs, and considering potential impacts on other aspects and future extension, we prefer Alt2.

For Part2, we slightly prefer AltB because AltA has limitations to share a same DL RS for multiple UE Tx panels as explained in our contribution [R1-1906731].

	Intel
	We think a unified solution should be defined for BC/NBC UE.
Based on MPUE-Assumption3, UE would not report that it can support more than 1 SRS resource sets with the same time domain behaviour, even if it is a NBC UE.
For Part 1, we are ok with Alt2 in principle, but the exact terminology on “panel-specific ID” needs to wait for decision for issue 2.4.

For Part 2, we support AltA, and we do not quite understand AltB, does it mean to configure the panel ID by RRC or DCI? 

	ZTE
	For Part 1, we share the same views with LGE and Intel that a unified solution for BC and NBC cases is recommended. 

For Part 2, UL TX beam is generated per a UE panel, and meanwhile UL Tx beam is determined according to higher layer parameter spatialRelationInfo, which means that, in order to have a distinct UL beam indication, the UE panel ID should be provided together. Therefore, the UE panel ID is introduced into the spatialRelationInfo for the joint indication of panel ID and beam ID.
· Besides, for SRS set for beam management, the same panel ID should be configured for all SRS resources in a set. 
One question for AltB in Part 2: which signalling for associating PUCCH/SRS resources with Panel ID is used, RRC only or RRC+MAC-CE? 

	Samsung
	The above categorization seems to have mixed several issues together while inadvertently (or perhaps intentionally?) focusing on the SRS-based (SRI-based) panel ID for specific purposes. For instance, whether panel ID should be included in DL beam reporting (this has not been agreed) should be treated separately from the definition of panel ID (whether SRS-based indication should be reused or a new panel ID using spatial relation/TCI can be used instead). 
We suggest that the FL rearrange the categorization and separate issues that should be treated separately. Otherwise meaningful progress would be difficult.
For example, we can try to down select the panel ID definition (cf. previous agreement with 4 options) for each of the relevant channels/signals (SRS, PUSCH, PUCCH, and later, perhaps PDCCH-ordered PRACH).

	OPPO
	Regarding Part 1: first please note that rel15 already support panel-wise measurement as specified in 214, SRS for beam management, SRS in same set can be not be transmitted at a given time but SRS in different sets may be sent simultaneously.  Based on that specification, it is up to UE implementation to map the SRS resources on his Tx panels. 
Regarding Part2: specification in rel15 also can support that.  For a PUCCH or SRS, the RS ID configured in the spatialrelationinfo implicitly indicate the panel information, which is known to the UE and is not necessary to be known by the gNB.  If a SRS configured in spatialrelationinfo, the UE knows which Tx beam on which panel is used. If a CSI RS or SSB is configured in spatialrelationinfo, which can only happen in the case of beam correspondence, the UE also knows which Tx beam on which panel to be used based on the downlink measurement and its implementation.  Similar mechanism is used for PUSCH. Therefore, Configuring a SRS resource set ID or some Panel ID is redundant and provide no new information.  Furthermore, configuring such a ID in addition to RS ID that is already in the spatialrelationinfo could cause error case from the UE perspective. Think about one example, a SRS and a panel ID are configured in spatialrelationinfo, there would be two possible cases: case 1: the panel ID is same to the panel where the configured SRS is sent, then no new information provided by this panel ID; case 2: the panel ID is not same to the panel where the configured SRS is sent, then the UE would be confused on which Tx beam shall be used.   

	CATT
	Our general view is that panel/beam is signalled in a package jointly, not separately, which reflects the UL spatial property. A single ID is to be used to identify the spatial filter property including both the panel and the beam. 

Part 1: 
For non-BC UE:
· Alt1: First, this is implementation and doesn’t need to be standardized, so what is the proposal intended for? Second, other mapping schemes are possible in our understanding (e.g. different SRS in the same set are mapped to different panels) which is entirely up to UE implementation, so nothing needs to be agreed here IMO. 
· Alt2: Don’t see the need of introducing a new panel ID. SRS resource ID is sufficient. 
BC UE:
· Alt-1 /2: Don’t see the need. The motivation is unclear to us. 
Part 2:  
First of all, it’s unclear what fundamental differences there are between these two alternatives. Secondly, it is unclear why PUCCH/SRS is discussed but PUSCH is not discussed. In principle a unified solution is desirable for PUCCH/SRS/PUSCH.  

	Ericsson
	We fail to see the benefit of discussing part 1 before part 2 is agreed. The WA states what the ID should be used for. Discussing further details about part 2 would seem sufficient. And of course, then all options need to be on the table.
For part 2, it would seem to us that the panel ID from the NW side would be a scheduling identifier. One obvious solution in that case would be to include the panel ID in DCI, to be used for SRS/PUSCH

	Sony
	As for Part 1, for the NBC case in which SRS resource set for BM should be configured for UL beam sweeping, we think the SRS resource set for BM can be mapped to Tx panel. For the BC case in which SRS-based UL beam sweeping is not necessary, but it seems that the SRS resource set for BM can be configured only for identifying Tx/Rx panel at UE. In this sense, it is still unified solution and hence we support Alt.1 at least for NBC case. 

As for Part 2, we also failed to interpret the difference between Alt.A and Alt.B. So maybe it’s better for FL to further clarify on how to use SpatialRelationInfo of PUCCH resource or SRS resource

	Panasonic
	For Part 1, we agree with LGE regarding the commonality between Alt. 1 and Alt. 2 and okay to support Alt. 2. For part 2, we are okay to support Alt. B

	Fraunhofer
	We agree with Samsung that the proposal mixes several issues together. The usage of the panel identifier for indicating panel-specific PUSCH/PUCCH/SRS transmission and the reporting of UE panel information in the beam report should be addressed in two separate proposals.

	Lenovo, Motorola Mobility
	For Part 1, we believe it is best to have a unified solution for NBC and BC UE. To use SRS resource ID as panel ID works for BC UE but may not work for NBC UE. Because SRI is associated with certain spatialRelationInfo, it reflects beam property instead of panel property. To use a new panel specific ID works for both BC and NBC UE, so we support Alt 2. 

For Pat 2, we support Alt B. Because panel ID is panel specific instead of beam specific, it is inappropriate to configure it as part of spatialRelationInfo (Alt A). It is better to configure it as part of the RRC resource configuration and separate from spatialRelationInfo. 

	Nokia
	For part 1 we consider Alt-2 would be needed. Regarding part two we share the same view with Ericsson that all the possible options should be on table, not only the configuration but also dynamic signalling option. 

	MTK
	For Part 1, a unified (BC/Non-BC) design is preferred. 
Some combinations from Part1 and Part2 seems not logical. E.g., SRS resource set ID (Alt1 in Part1) is configured in each target SRS resource (AltB in Part2) 

	LGE
	Some responses from our side:
@Intel&ZTE, our understanding on AltB is at least based on RRC configuration (because for example PUCCH resource configuration is given by RRC) and open to MAC CE option additionally.
@Samsung&Fraunhofer, the intension of the proposal with two parts is just not to lose our focus on where we are on discussion and which part we are discussing, under the whole operational aspects, consisting mainly of the categorized two parts:
· Part1 (to support UE-panel differentiation at gNB), which seems essential as pre-requisite anyway at gNB-side to determine sub-sequent UE Tx panel indication (as Part2) for a UL Tx. 
· Part2 (Indication of a UE Tx panel for a UL channel/RS, based on information obtained via Part1). 
For the efficient discussion purpose, of course, I fully agree that we need to try one by one.
@CATT, based on your views, I created Alt3 on BC UE cases, which will be discussed as well separately. For PUSCH, more fundamental issue has been already captured in Issue#3.6, so that I think unless we first agree on Issue#3.6 the baseline behaviour on PUSCH seems to follow an indicated SRI(s) as in Rel-15 and maybe no new issue remaining, which is already discussed similarly in multiple Tdocs.
@Ericsson&Nokia, it is a bit hard for me how to capture your mentioned option as “to include the panel ID in DCI”. Are you considering this option even for PUCCH? Since PUCCH beam indication is only supported by RRC+MAC CE in Rel-15 via spatial relation info, I need to clearly understand how the DCI option works in details at least for PUCCH, SRS for CB/non-CB/AS (even for periodic/semi-persistent type of SRS).
@Sony, AltA is the panel ID is included/added in spatial relation info, and AltB is the panel ID is assigned on PUCCH resource configuration at least by RRC. 
@MTK, I think your mentioned combination can be also logical, if I put some more words in your example as follows as just illustration purpose:
SRS resource set ID for BM (Alt1 in Part1) is configured in each target SRS resource for CB/non-CB/AS (AltB in Part2)
So, in this case, “SRS resource set ID for BM” is just used as a panel indicator, which is aligned with the intension of Alt1, I think. 


	ZTE2
	Regarding LG’s response, from our perspective, the flexibility of panel indication and timeline issue of panel activation/deactivation by UE and panel indication by gNB should be considered, due to the fact that UL panel can be dynamically activated or deactivated by UE side as agreed.

Besides, regarding Alt-3 “No support of enhancement on DL beam reporting in which UE panel-related information is also reported” for CB case in Part-1, we fail to understand how the panel-specific UL transmission works in the case of CSI-RS/SSB based UL beam indication if no information about panel is provided. In general, UL power control and TA parameters are panel-specific, and, if no enhancement for panel-info in DL beam reporting, does it mean that gNB shall always assume that all DL RSs to be reported are associated with different UE panels in beam correspondence case? If so, gNB can NOT configured different CSI-RS/SSBs as spatial relation references for SRS resources in a set, and the UL performance and overheads for signalling and resource become serious issues. 

Due to the same reason, we fail to understand the system design for CSI-RS/SSB based UL beam indication in beam correspondence case if Alt-C is supported. From our perspective, it is very important scenario to support the enhancement for MPUE-Assumption 3 which was agreed last meeting.

	Mitsubishi Electric
	For Part 1, we prefer Alt 2 for both use cases

	Qualcomm
	Support SRS resource set ID as the panel ID for UEs both with and without beam correspondence, as unified solution. The SRS resource set can be for BM or for CB/NCB, and multiple SRS resource sets can be introduced for CB/NCB in R16.

Support panel ID implicitly indicated by SRS resource set ID for the SRS as the spatial relation RS for the target PUCCH/SRS resource. Explicit panel ID indication is not needed.

	Huawei, HiSilicon
	Thanks for the good (lengthy) discussions. In principle, we support to introduce a new panel-specific ID, which can be configured in spatial relation or assigned for a target RS resource or resource set. We also suggest to continue the discussions based on the alternatives we listed in RAN1#AH1901, instead of starting from something new. 

	vivo
	Thanks for the discussion. Our views are listed above.

One general comment: this issue is related to issue 2.5. They could be discussed together.




Issue#2.2: Panel-selective PUSCH transmission

As pointed out in multiple Tdocs including [2], [4], [6], [13], [24], Rel-15 supports that only up to 2 SRS resources can be configured for CB-based UL, which seems a restriction for dynamic panel/beam selection for PUSCH transmission. Therefore, the following proposal is given, where the exact value of X is FFS.

Proposal: In Rel-16, support configuring up to X SRS resources for codebook based UL
· FFS on the value of X, where X≥4
· FFS on whether to increase the number of SRS resource sets for codebook based UL 

· Support (4 companies): OPPO, CATT, Qualcomm, LGE
· Not support (1 company): Intel,
· Discuss later (9 companies): ZTE, Samsung, Ericsson, Sony, Lenovo, Motorola Mobility, Nokia, Huawei, HiSilicon

Proposal: Decide in later meetings whether or not to increase the maximum number of SRS resources and/or SRS resource sets that can be configured for CB-based UL for supporting dynamic panel switching.

Companies’ inputs/comments (if any):
	Intel
	We think to increase the total number of SRS resources would increase the overhead of SRI field in DCI. Since MAC CE can be used to change the beam for SRS, to increase this number seems unnecessary.

	ZTE
	The discussion for this issue should be de-prioritized, considering Rel-15 framework for PUSCH still works well for codebook transmission in this multi-panel case. When the requirement for more than 2 panels has been reached as the consensus in the future, we can review this issue later in this WID.

	Samsung
	We agree with Intel and ZTE. Before the panel ID definition is finalized for all the relevant channels/signals, it is premature to discuss this “X” factor.

	OPPO
	Overall, we are ok with increasing the number SRS resources configured for CB PUSCH to increase the flexibility and thus reduce the Beam switch latency. 

	CATT
	In principle OK with the FL’s proposal. 

	Ericsson
	Postpone this discussion until the panel ID discussion has been finalized.

	Sony
	Agree with Intel, ZTE and others, we can discuss the trade-off between UL scheduling flexibility and DL overhead after the panel ID is fixed.

	Lenovo, Motorola Mobility
	We agree with Samsung.

	Nokia
	Same view as Ericsson. 

	MTK
	Discuss this issue later.

	Qualcomm
	Support X>2 SRS resources for CB, on the condition that X is UE capability. 
Support Y>1 SRS resource sets for CB, where Y is UE capability.

	Huawei, HiSilicon
	Similar to ZTE, Samsung, Ericsson, Sony, Lenovo, Motorola Mobility, Nokia, MediaTek, we suggest to postpone this discussion.  

	
	

	
	

	
	

	
	

	
	



Issue#2.3: Panel-selective PRACH transmission

In multiple Tdocs including [1], [4], [13], [14], [15], [23], it is suggested to support at least PDCCH-ordered PRACH with an ID for a panel in addition to PUCCH, PUSCH, and SRS in the working assumption made in RAN1#96bis. However, it seems companies need to thoroughly check more details per different PRACH usage, so that the following proposal is given for this meeting.

Proposal: Down-select in next meetings one or multiple alternatives from the following, where different alternative may be applied to different PRACH usage for the case of supporting multiple alternatives:
· Alt1. The Tx panel for PRACH transmission is selected by UE, and UE does not report the Tx panel ID used for the PRACH transmission. 
· Alt2. The Tx panel for PRACH transmission is selected by UE, and it is supported that UE reports the Tx panel ID used for the PRACH transmission.
· Alt3. The Tx panel for PRACH transmission is configured/indicated by gNB.

Companies’ inputs/comments (if any):
	Intel
	Support Alt3 for PDCCH ordered PRACH and Alt1 for other PRACH. However, we are not sure what the use case of Alt2 is. Why/how to report panel ID for PRACH by UE?

	ZTE
	Supported Alt-3, which should NOT be restricted for PDCCH-order PRACH only, considering the case of TRP-specific beam recovery and handover.

Regarding Alt-1, gNB can NOT achieve panel-specific TA estimate which is necessary for panel-specific UL transmission.
Regarding Alt-2, we have the same questions as Intel. 

	Samsung
	This issue can be postponed until more clarity is seen for panel ID definition.

	OPPO
	Support Alt1: the UE knows which panel is used for PRACH transmission and then the UE knows how and where the resulted TA shall be applied.
Alt2 and Alt3: There is no motivation for the gNB to know the panel ID information.  

	CATT
	OK to further study alt-1 and alt-3. Not sure what alt-2 implies. 

For alt-3, it’s desirable if the network can somehow control the spatial source on which PRACH is transmitted (to probe the uplink channel, similar to SRS). If the function is needed for SRS, we don’t see why it’s not needed for PRACH.

	Ericsson
	It would seem that Alt-1 does not have any specification impact. We propose to postpone the discussion until the panel ID use case becomes more clear.

	Sony
	Generally support Alt.1 which can be up to UE implementation as OPPO mentioned above.  

	Panasonic
	We agree with Ericsson to wait for the discussion on panel ID before down-selecting here.

	Docomo
	Agree with Intel.

	Lenovo, Motorola Mobility
	We support Alt 1, which is UE implementation and does not have any spec impact. We can discuss Alt 3 after panel ID is decided. 

	Nokia
	Same view as Samsung.

	MTK
	Given the use case of PDCCH ordered PRACH, Alt1 is more reasonable and up to UE implementation.

	Qualcomm
	Support both Alt. 1 and 3, depending on scenarios.

Alt. 1 is UE to select panel for PRACH,  and can be applied to PRACH initiated by UE, e.g. for initial access and BFR. But Alt. 1 has no spec impact.

Alt. 3 is gNB to select panel for PRACH, and can be applied to PRACH scheduled by gNB, e.g. for PDCCH order, PSCell addition, handover. In those cases, gNB can select a desired panel to refresh the corresponding TA or to avoid interruption of ongoing UL traffic on another panel.

	APT
	Agree with Intel

	Huawei, Hisilicon
	Support Alt-2 and Alt-3.

	LGE
	Need more discussion on different usages of PRACH considering different PRACH configurations. For PDCCH-ordered PRACH, we support Alt-3 but we need further study how to support this feature (e.g. RRC or DCI). At least for BFR PRACH, we support Alt-2 because gNB should know which UE panel the UE have used for sending BFRQ after the beam failure (e.g. keeping the same panel as used before or changed to a new panel).

	
	

	
	

	
	



Issue#2.4: Definition of UE Tx panel

In multiple Tdocs including [4], [13], [14], [20], [23], [24], it is discussed how to define UE Tx panel at least for discussion purposes. The following proposal can be a starting point of discussions.

Proposal: At least for RAN1 discussion purpose, the definition of “panel” is given as one or multiple as combination of below depending on different UE implementation.
· Unit of antenna group to control its Tx beam independently
· Within a panel, one beam can be selected and used for UL transmission.
· Across different panels, multiple beams (each selected per panel) may be used for UL transmission
· Unit of antenna group to control its transmission power independently
· Unit of antenna group to control its transmission timing independently

Companies’ inputs/comments (if any):
	Intel
	We are ok with this in principle, but we think it is better to say “antenna port(s) group (APG)” instead of “antenna group”. We have agreed that we should avoid disclosing UE architecture, so APG looks better.

	ZTE
	Support this proposal with the following modification for clarification. From our perspective, antenna group is a general terminology for describing the character of UE panels, compared with APG.

Proposal: At least for RAN1 discussion purpose, the definition of “panel” is given as one or multiple as combination of below depending on different UE implementation.
· Unit of antenna group to control its Tx beam independently
· Within a panel, only one beam can be selected and used for UL transmission.
· Across different panels, multiple beams (each selected per panel) may be used for UL transmission
· Unit of antenna group to control its UL transmission power independently
· Unit of antenna group to control its transmission timing advance independently
Besides, for the UEs which are not capable of MPUE-Assumption 3, the behavior should fall back to Rel-15 behavior i.e. SRS resources in different SRS resource sets with the same time domain behavior in the same BWP may be transmitted simultaneously.

	OPPO
	Do not see such a definition can help our discussion. How to implement panel, how to formulate and control those Tx beam on one or multiple panels, and how to control/allocate power critically depend on each UE’s particular hardware implementation.  The specification only defines some logic function and features and how to map those functions/features to its hardware shall be up to UE’s implementation. 

	Ericsson
	Suggest to aim for a more functional description of a panel: it is an independent scheduling entity, similar to a CC. This is in line with the WA. 
Limitations in “independent” would be a UE capability.

	Sony
	Generally, thanks to the effort, we are supportive to give UE panel a clear and suitable definition.  

	Panasonic
	We are okay to support this proposal

	Fraunhofer
	Agree in principle. Similar to Intel, we would like to replace ‘Unit of antenna group’ with ‘A group/set of antenna ports’

	Lenovo, Motorola Mobility
	We second Ericsson’s opinion. Panel definition should be a functional description for the purpose of scheduling, not UE implementation. 

	Nokia
	In principle support the proposal. 

	Samsung
	This definition could be instrumental if the “antenna/port group” represents a unit that can be independently controlled via signalling. Similar to Ericsson’s scheduling entity, we can also consider UL beam indication entity (if UL beam indication is used) which is a bit more specific than (although a subset of) scheduling, as well as UL PC entity.

	Mitsubishi Electric
	Is there relationship between “antenna group” and panel?

	Qualcomm
	Each panel should have independent beam control, i.e. their active spatial relations can be totally independent. This will avoid redundant beam training by restricting each panel to have independent set of analog beams.    

Each panel should also have independent power control, since different panels may have different path loss.

	APT
	We have the following concern: if we agree with the proposal, it basically means that NW can decide how many panels UE has since NW can always configure multiple power control parameters for a same physical panel.

	Huawei, HiSilicon
	Similar to OPPO, we do not see how the proposed definition can help the discussions. The term of ‘panel’ already exists in RAN1 specs and also the WID. 
Also, a question from our side is, what is the relation between UE ‘panel’ that is being discussed here and the ‘receiver branch’ mentioned in the definition of SS-RSRPB in 38.215?

	
	

	
	



Issue#2.5: On UE panel activation/deactivation status

In many Tdocs including [1], [2], [4], [14], [17], [23], [27], it is expressed that the necessity of the common understanding on UE panel activation/deactivation status is important to gNB side, to utilize it for UL transmission assignment and related behaviors, although the detailed views seem to be categorized into two options:
· Option 1: Support UE to report the activation/deactivation status of UE panel(s)
· Supported by vivo, Qualcomm, Intel, 
· Option 2: Support UE to report the activation/deactivation status of UE panel(s) and gNB to indicate the activation/deactivation of a specific panel(s)
· Supported by ZTE, China Telecom, KDDI, Qualcomm(but final decision is up to UE), Huawei, HiSilicon

Since Option 1 is a common ground of the identified options, it needs to be discussed to agree it at least.

Proposal: Support UE to report the activation/deactivation status of UE panel(s).
· FFS: Also support gNB to indicate the activation/deactivation of a specific panel(s) to UE.

· Support (10 companies): Intel, ZTE, Sony, Panasonic, Lenovo, Motorola Mobility, Nokia, MTK, KDDI, Qualcomm, 
· Not support (3 companies): OPPO, CATT, Ericsson, 

Companies’ inputs/comments (if any):
	LGE
	Not object the proposal, but it seems that this issue is closely related to the details of UE capability reporting and gNB’s configuration related to multi-panel. For example, it seems that a UE needs to report the total number of Tx panels as a UE capability first (e.g. PID1,2,3,4). In addition, it needs to be clear whether or not a UE can change the mapping between actual UE panels and PIDs, depending on the panel activation/deactivation status. Based on above discussion, we propose to discuss the following proposal before discussing above proposal.
Proposal: UE reports the total number of UE panels N as a UE capability
· gNB can configure up to N panel-specific IDs to UL channels/signals.
· UE shall not change the mapping between panel-specific IDs and actual UE panels regardless of panel activation/deactivation status

	Intel
	Support the proposal. 

	ZTE
	Support the proposal in principle. The activation or deactivation status of UE panel(s) should be carried by panel-specific/group based beam reporting, rather than introducing a new reporting format for the activation or deactivation status of UE panel(s).

	OPPO
	There is no use case or motivation to report the panel information along with beam reporting.  When a UE reports on CRI or SSBRI, the UE knows which Tx beam on which panel is used to measure that. Then later on, when the gNB use that CSI-RS or SSB to indicate the beam for DL or UL transmission, the UE can derive the Tx or Rx beam and panel used to receive or transmit as scheduled.  In other words, the beam reporting of CRI/SSBRI specified in rel15 implicitly contain the panel information at the UE side and which is not necessary for the gNB.


	CATT
	Do not see the benefits. 

	Ericsson
	Agree with Oppo.

	Sony
	Support the proposal.

	Panasonic
	We support the proposal

	Fraunhofer
	The proposal should capture the other possible UE panel information and not just UE panel status that can be included in the beam report – the ID of the receiving UE panel can be reported per DL beam/a group of DL beams, or the ID of all UE panels receiving in the DL can be reported, etc.

	Lenovo, Motorola Mobility
	Support the proposal.

	Nokia
	Share the same view with ZTE.

	MTK
	Support the proposal.

	KDDI
	We think this issue should be considered with multi-TRP transmission function activation/deactivation issue together. In FR2 operation, there is a use case including that if NW is supposed to configure Multi-TRP transmission to UE, NW needs to make UE ready for multi-directional (i.e. multi-panel) reception. In addition, when UE detects degradation of one of the multi-directional received beams, UE had better to report each panel status and deactivation trigger from UE. Therefore, Option 2 is fine for operation, but from view point of progress, at least Option 1 should be supported.

	Qualcomm
	Support UE to report panel activation/deactivation status to gNB, which can therefore select one among them for Tx

Support gNB to indicate which panel to activate/deactivate. However, the final decision should leave to UE, which may have more considerations, e.g. power saving.

	APT
	In general, we support the proposal. However, even with such UE report, should NW still be able to request activate/deactivate subset of UE panels?

	Huawei, Hisilicon
	We updated our position to support Option 2. 

	vivo
	Our original intention is similar as ZTE: with UE providing panel information in beam report panel status would also be provided to the gNB at the same time.

For OPPO’s comment, do you mean the same thing?
 

	
	

	
	

	
	



Other issues
Other listed issues below may or may not be handled in this meeting depending on the allowed on/offline discussion time.
· Power control issues considering UE panels [4], [13], [24]

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.

Agreement@RAN1#96
For signaling overhead reduction on updating/configuring spatial relation for PUCCH, support simultaneous spatial relation update/configuration for multiple PUCCH resources 
· FFS signaling details to be decided in next meeting, including down-selection/merging among the following options
· Spatial relation update for all PUCCH resources in a CC by one MAC CE
· Spatial relation update per Rel-15 PUCCH resource set
· Spatial relation update per group of PUCCH (which might need to be introduced for Rel-16) 
· PUCCH spatial relation info configured in a BWP could be applied across different BWP or different cells
· Other options are not precluded.

Agreement@RAN1#96
In RAN1#96bis, determine whether to support the configuration of 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

Working Assumption@RAN1#96
For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource level
· FFS: Whether this is a UE optional feature
· Note: Qualcomm prefers to have this as a UE optional feature

Agreement@RAN1#96bis
The working assumption made in RAN1#96 is confirmed
For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource level
· FFS: Whether this is a UE optional feature
FFS: Whether above is applicable regardless of the aperiodic SRS target use

Agreement@RAN1#96bis
Simultaneous update/indication of a single spatial relation per group of PUCCH is supported by using one MAC CE 
· As a starting point, the group should correspond to all the PUCCHs in a BWP when a single active spatial relation is applied before and after activation
· If there is no consensus on the details of the grouping, only one group per BWP will be supported in Rel-16 which will correspond to all the PUCCHs in a BWP
Detailed design on the MAC CE is up to RAN2

Agreement@RAN1#96bis
Support the configuration of up to 64 candidate beams for BFR by RRC signalling, without introducing additional MAC CE signalling for down-selecting a subset of beams.
· The total number of RSs for new beam identification and layer 1 RSRP measurement are part of UE capability signaling
This applies per BWP.




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

In the last meeting, the working assumption on supporting MAC CE based spatial relation update for aperiodic SRS per resource level had been made, and it needs to be confirmed with understanding that this feature can be optional as a separate discussion in the later phase of the WI.
In RAN1#96bis, the working assumption made in RAN1#96 had been confirmed to support MAC CE based spatial relation update for aperiodic SRS per resource level, for UL beam management latency and overhead reduction. In this meeting, the captured FFS point whether this is applicable regardless of the aperiodic SRS target use needs to be discussed and resolved.

The following is the status summary from Tdoc reviews:
· Option 1: The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level is applicable to all 4 supported usages as codebook-based UL, non-codebook-based UL, beam management, and antenna switching.
· Support: ZTE, LGE, [Intel](at least for CB/NCB-UL), Ericsson, Nokia/NSB, Panasonic,
· Option 2: The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level is applicable to 3 supported usages as codebook-based UL, non-codebook-based UL, beam management, but for ‘antennaSwitching’ the feature is supported per SRS resource set level.
· Support: Huawei/HiSi,

Considering most companies seem to okay with Option 1, but for the case of ‘antennaSwitching’, there seems two alternatives identified, the following two separated proposals #1 and #2 are given.

Proposal#1: The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level is applicable to at least 3 supported usages as codebook-based UL, non-codebook-based UL, beam management.
· Support: Intel, ZTE, Samsung, OPPO, CATT, Ericsson, LGE, Docomo, Nokia, MTK, Qualcomm
· Not support:

Proposal#2: The supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching
· Alt1: per SRS resource level
· Supported by Intel, ZTE, Samsung, OPPO, CATT, Ericsson, LGE, Docomo, Nokia, MTK, Qualcomm
· Alt2: per SRS resource set level
· Supported by Huawei, HiSilicon

Offline agreement: Decide in RAN1#98 whether to support updating path loss reference RSs for power control for PUSCH and SRS via MAC-CE.
· FFS: Condition that the RS for PL will follows the spatial RS in spatial relation.
· FFS: When the spatial relation of AP-SRS for CB/NCB UL is activated by MAC-CE, UL power control parameters for PUSCH can be activated via the MAC-CE.
Supported by ZTE, Nokia/NSB, Ericsson, Docomo, Qualcomm, Intel,


Companies’ inputs/comments (if any):
	Intel
	Support proposal 1 and Alt1 of proposal 2, to have unified solution for all types of SRS.

	ZTE
	Support proposal 1 and Alt1 of proposal 2.

	Samsung
	We also support proposal 1 and Alt1 of proposal 2 

	OPPO
	Generally we are ok with both proposals. For proposal 2, suggest to go with per resource level for unified solution. 

	CATT
	Save view with Intel, ZTE and Samsung. 

	Ericsson
	Important not to limit the use of ap-SRS. The exact signalling mechanisms (how MAC CE affect the spatial relation of an SRS resource) still needs to be discussed, as Huawei mentions. We do not understand the implications of “per resource level”: to us this is trivially true, since the spatial relations are defined per SRS resource.  

	Docomo
	Agree with proposal 1 and Alt1 of proposal 2

	Nokia
	Support proposal 1 and Alt1 of proposal 2.

	MTK
	Okay with proposal 1 and Alt1 of proposal 2

	Qualcomm
	Support MAC CE based spatial relation update for aperiodic SRS per resource level for all usages, as a unified solution.

	Huawei, HiSilicon
	Support Alt-2 in Proposal#2. 
When A-SRS with antenna switching is used for acquiring DL CSI, the SRS resources within one set are expected to be transmitted with the same Tx beam, as the same Rx beam will be used for DL reception. 
In this case, Alt-2 of Proposal#2 to update spatial relation per resource set provides a further signalling overhead reduction, compared with Rel-15. 

	vivo
	Not against the proposals. 

	
	

	
	

	
	

	
	



Issue#3.2: Simultaneous spatial relation update for multiple PUCCH resources 

In RAN1#96bis, it was agreed to support simultaneous update/indication of a single spatial relation per group of PUCCH is supported by using one MAC CE, where the group should correspond to all the PUCCHs in a BWP when a single active spatial relation is applied before and after activation, as a starting point, unless a consensus on the details of the grouping is further reached. 

The following is the status summary from Tdoc reviews:
· Option 1: Spatial relation update for all PUCCH resources in a BWP by one MAC CE
· Support: Ericsson(even in a CC), Samsung(even in a CC), LGE, Nokia/NSB, CATT,
· Option 2: PUCCH resource group per TRP for multi-TRP case is supported.
· Support: vivo, ZTE, Ericsson, Nokia/NSB, DOCOMO, OPPO(for two groups), 
· Option 3: Spatial relation update per group of PUCCH, where the grouping is explicitly configured by gNB
· Support: ZTE(e.g., by a new bitmap indicating PUCCH resources in MAC CE, or explicit grouping by RRC), QC(by a new bitmap), CMCC, 
· Option 4: Spatial relation update per group of PUCCH, where the grouping is implicitly determined by spatial relation, i.e., applying to PUCCH resources with same spatial relation configured before
· Support: Huawei/HiSi, ZTE, QC,
· Option 5: The PUCCH spatial relation configured in a BWP can be shared across different BWPs/cells
· Support: vivo, Qualcomm

Since Option 3 and Option 4 are details on how to configure PUCCH resource grouping if supported, it seems better to consider adopting Option 2 (supported by 7 companies) first, in consideration that the identified use case for PUCCH resource grouping is for supporting multi-TRP case at least.

Proposal: For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, the following configuration options for the group are supported:
· One group per BWP which corresponds to all the PUCCH resources in a BWP
· Two groups per BWP, each corresponding to different TRP/panel, at least for multi-TRP/panel case
· FFS details on implicit/explicit method on configuring the groups

FL’s suggestion: Discuss in next meetings by considering multi-TRP/panel AI status.

Companies’ inputs/comments (if any):
	Intel
	Two groups part needs to wait for decision from Multi-TRP AI.

	ZTE
	Support this proposal in principle, but more groups should be supported for a single TRP as well. Specifically, taking into account that different TCI states can be configured per CORESET (e.g., up to 3 different active TCI states for three CORESETs, respectively), dynamic switching of spatial relation for different PUCCH transmission is also needed in a single TRP.  

Besides, in order to accelerate the progress of this issue, the above option 1~5 of group-based update of spatialRelationInfo should be captured as candidates in the FL proposal. 

	Samsung
	After offline discussion, we decided to support the following FL proposal. 
Proposal: For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, the following configuration options for the group are supported:
· One group per BWP which corresponds to all the PUCCH resources in a BWP
· Two groups per BWP, each corresponding to different TRP/panel, at least for multi-TRP/panel case
· FFS details on implicit/explicit method on configuring the groups

	OPPO
	Support to use MAC-CE to update single Tx beam for a subset of PUCCH resources in one BWP, instead of updating for all the PUCCH in one BWP. For example, one MAC-CE can update Tx beam for some PUCCH resource in one BWP, and another MAC-CE can update Tx beam for the rest of PUCCH resources in one BWP.
But we do not think we need define or configure grouping of PUCCH here.

	CATT
	Same view as Intel. 

	Docomo
	Support more than one group per BWP.
It is essential for multi-PDCCH based multi-TRP with separate HARQ-feedback in FR2 operation.

	Fraunhofer
	The multi-TRP AI has a parallel discussion on PUCCH resource grouping. This issue needs to wait for the conclusions on that discussion.

	Nokia
	Support at least two groups. FFS for multiple groups per TRP. 

	Qualcomm
	For mTRP case, defining PUCCH group per TRP as one PUCCH group for simultaneous spatial relation update should be discussed after the decision in mTRP session

For single TRP case, support a flexible definition of PUCCH group for simultaneous spatial relation update.  Defining all PUCCH resources per BWP as a group does not work for UE with more than one active spatial relation. 

Support to apply same set of configured spatial relations across multiple BWPs/CCs. Therefore, the seclrkguicbdfkv
ame set of activated spatial relations can be applied to multiple BWPs/CCs. 

In addition, signalling overhead and UE complexity can be significantly reduced if same set of configured TCI states can be applied across multiple BWPs/CCs. So gNB can apply same set of activated TCI states across multiple BWPs/CCs. Otherwise, TCI state activation has to be repeated over multiple CCs, which can be up to 16 CCs as in R15 basic DL CA UE capability.

	Huawei, HiSilicon
	In our view, Option 4 (Spatial relation update per group of PUCCH, where the grouping is implicitly determined by spatial relation, i.e., applying to PUCCH resources with same spatial relation configured before) is general enough to accommodate both the cases with single or multiple TRPs, and such implicit grouping method is preferred as it will be complicated to introduce a new RRC structure like PUCCH group.

	vivo
	We share similar views as Qualcomm for spatial relation info and TCI state sharing across BWPs.
For multiple groups of PUCCH, it is still controversial in M-TRP. Better to wait for their input.

	
	

	
	

	
	

	
	

	
	



Issue#3.3: Enhancements on beam management considering MPE issues

In multiple Tdocs including [14], [23], [24], [25], it is suggested to consider beam management enhancements considering MPE issues, where at least the following two solutions are identified.

Proposal: Down-select in next meetings from the following for beam management enhancements to resolve MPE issues:
· Alt1. Support UE to report CRI/SSBRI where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission, which may be selected by considering MPE impacts.
· FFS on details of the reporting configuration (e.g. separate or joint reporting with existing DL beam reporting)
· Alt2. Support SRI field in the DCI can be used to indicate multiple SRS resources and UE’s autonomous selection of one SRS resource for PUSCH beam determination out of the multiple, considering MPE impacts
· Alt3: Reuse Rel-15 beam specific PHR reporting to determine beam-specific MPE impact transparently, i.e., by difference value between Pc,max (which is calculated based on P-MPR) and the required transmission power.
· FFS: Enhancement on UL beam configuration for virtual PHR. 
· Alt4: No enhancements considering MPE issues in RAN1

Companies’ inputs/comments (if any):
	Intel
	MPE issue is for all uplink signals, therefore Alt2 cannot work. 

We are ok with Alt1 in principle, but we think we can also FFS details on beam reporting content, e.g. UE reports the maximum power reduction for a CRI/SSBRI.

	ZTE
	Our proposed solution for MPE issue in R1-1906251 is added accordingly

Regarding Alt-1, if beam reporting is only based on MPE rather than both MPE and the virtual/real transmission, the UL beam (with low MPE but large path loss) recommended by reporting may be useless, and more UE Tx power is wasted for keeping the same performance. Meanwhile, if going with reporting of MPR as recommend by Intel, the triggering condition of MPR reporting, e.g., based on a real/virtual transmission, should be considered. 

On the other hand, beam specific PHR reporting, i.e., difference between Pcmax and the required transmission power, can well present MPE impact transparently, and a UL beam switching can be indicated by gNB if a low PHR, e.g., 0-dB or negative, is received for the current beam. 
· The real PHR is based on the real Tx transmission, and consequently the beam-specific MPR related MPE can be implied by the real PHR.
· But, in Rel-15, the virtual PHR is based on one default Tx transmission parameter without UL beam configuration, which should be enhanced considering beam-specific MPE impact. 

	Samsung
	We cannot agree to the proposal at this point since the need for such enhancement is not yet clear. As discussed (cf. response to the RAN4 LS), several companies pointed out that implementation based solutions that can circumvent the MPE issue (to avoid significant loss in UL coverage due to lower UL duty cycle and/or power back-off) exist and are being implemented. While some further spec-based enhancement may be possible (on top of UE implementation), given that we have 3 meetings left for this WI, bringing up this issue at this stage is not timely (also considering the progress rate of MB1).

	OPPO
	
Now is not the right time to discuss this issue in RAN1. RAN4 has specified the methods to address this issue in rel15 and they are discussing enhancement for this issue now as agreed in RAN#83.  Before they make solid conclusion, we do not know whether specification in RAN1 is needed or feasible.  

Alt1 does not work because it makes assumption that the UE knows exactly which Tx beam is pointing on human and also the distance to the human body.  Such a complicated environment sensing function can be implemented in UE with sufficient accuracy is still a big question. Furthermore, even assuming a super advanced UE can do that. A Tx beam direction with more power back off could be the best UL tx beam if the Tx power does not reach the maximal allowed power. 
Alt2: it does not work because the gNB must know exactly which Tx beam is used by the UE so that the gNB can use proper UL beam to receive UL transmission.

Alt3 also requires the assumption that made by Alt1.

	Ericsson
	The potential of introducing additional scheduling flexibility seem small. Investigate further if it is really beneficial, or if the RAN4 mechanisms are sufficient.

	Sony
	Agree with Intel. Generally we are supportive to Alt.1 which uses UE reporting to address the MPE issue. Surely the reporting content may need to be enhanced based on Rel.15 when considering MPE. 

	Nokia
	Consider further Alt1 and Alt3. 

	MTK
	Agree with OPPO now is not the right time to discuss this issue.

	Qualcomm
	Support separate DL & UL beam selection for MPE, where DL RS corresponding to UL beam not affected by MPE can be reported by UE.

	Huawei/HiSi
	Similar view as OPPO and MediaTek that this is not a good time to discuss MPE-related issues in RAN1. 

	
	

	
	

	
	

	
	

	
	



Issue#3.4: Extending TCI-state to include SRS resource as a spatial source for a target DL RS

Several companies (e.g. [18], [24], [28]) have pointed out that for UEs capable of beam correspondence, SRS resource should also be included as one of the reference resources (in addition to the ones supported in Rel.15: CSI-RS and SSB). This can reduce the latency incurred by the DL beam indication (UE operations in decoding the DCI which includes the trigger for, e.g. AP-CSI-RS and, possibly with some time offset, receiving/measuring the reference CSI-RS resource).  

Proposal: In Rel.16, support adding SRS resource as one of the reference resources in the TCI state definition for DL beam indication
· FFS: Whether this only applies to UEs with beam correspondence capability

· Support (6 companies): Samsung, CATT, Ericsson, Nokia, ZTE, Docomo
· Not support (5 companies): Qualcomm, MDK, Huawei, HiSilicon, Intel

Companies’ inputs/comments (if any):
	Samsung
	Support this proposal. This is a low hanging fruit with an obvious benefit for latency reduction. At least for UEs capable of beam correspondence. 

	CATT
	Fine with the proposal. 

	Ericsson
	Support. 

	Nokia
	Support.

	MTK
	Need more study since this changes beam management behaviour and could increase UE power consumption. Furthermore, whether this can work independently or still need to rely on DL reference RS based beam management.

	ZTE
	Support

	Ericsson
	Support.

	Qualcomm
	The benefit of SRS in TCI state may not be clear with potential impact on UE power saving. 

Suppose DL BM totally relies on SRS. gNB may trigger A-SRS beam sweep to identify best UE DL Rx beam. Then, MAC-CE activates corresponding TCI states containing selected SRS resources. So the latency saving by DCI+A-SRS over DCI+A-CSI-RS+Report may be negligible compared with the 3ms activation time. 

Also, for given UE DL Rx beam, gNB may need to refine its DL Tx beam constantly. This requires UE to send SRS repetition with higher power consumption compared with current P3, where UE does not need to send anything

Finally, for periodic DL BM based on periodic DL RS, it may have more potential to save UE power, e.g. via event triggered report. However, for periodic DL BM based on periodic SRS, UE may have to send SRS periodically

	Huawei, HiSilicon
	We are concerned about the huge impacts of this proposal, as TCI state is used in many places. We are also not sure why existing TCI state indication for DL and spatial relation indication for UL are not enough, or how introducing SRS in TCI state will help reducing latency/overhead for BM. More discussions are needed before agreeing on this proposal. 

	vivo
	We are open to further study this issue.

	Intel
	The need for this enhancement is unclear. Share the same view with Qualcomm.

	Docomo
	Support

	
	

	
	

	
	

	
	

	
	



[bookmark: _Hlk8417941]Issue#3.5: Define the default QCL of spatial relation for PUCCH / SRS follows to active TCI state
Several companies (e.g. [2], [3], [24], [28]) pointed out that it is beneficial to determine the default QCL assumption of spatial relation follows to an active TCI state or to introduce the possibility to configure a TCI state to a spatial relation. Assuming single beam operation, i.e. NW configures a single beam for all DL/UL channel to a UE based on beam correspondence, if the NW updates TCI state for DL beam by MAC CE, the NW should also update the spatial relation for UL by MAC CE. This UL beam indication is redundant MAC CE overhead for single beam operation. Hence, it is beneficial to define the default QCL of spatial relation for PUCCH / SRS follows to active TCI state. 
Since the default QCL of PDSCH and A-CSI-RS is already specified in Rel. 15, it is straightforward to reuse it for default QCL of spatial relation. For SRS, NW does not typically configure spatial relation for SRS with usage = beamManagement, this case should be an exception. 

Proposal#1: In Rel.16, if spatial relation info for PUCCH is not configured in FR2, the spatial relation for the PUCCH follows to the default QCL of PDCCH

Proposal#2: In Rel.16, if spatial relation info for SRS, except usage = beamManagement, is not configured in FR2, UE assumes the spatial relation for the SRS follows to the default QCL of PDCCH

Note: the default TCI state is same as Rel. 15, i.e. QCL assumption of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot

· Support (4 companies): Docomo, Ericsson, vivo, Samsung
· Not support (2 companies): Qualcomm, Intel
· Study further (3 companies): ZTE, Huawei, HiSilicon, 

The proposals are updated as follows:


Proposal: Study the spatial relation for the PUCCH/SRS to follow a TCI-state/QCL of PDCCH/CSI-RS/SSB if spatial relation info of PUCCH/SRS is not configured in FR2
· SRS with usage set to ‘beamManagement’ is an exception.


Offline proposal: Study beam indication/activation for a group of CCs.
Supported by Qualcomm, Ericsson, ZTE, Nokia, NSB, OPPO, vivo, Intel, Docomo, Huawei/HiSilicon, Sony, 

Companies’ inputs/comments (if any):
	Docomo
	Support both proposal#1 and #2. 

Answer to ZTE (proposal#2): since spatial relation info is configured per SRS resource, the above proposal is only applied to a SRS resource where spatial relation is not configured. If NW wants to indicate UL beam by DCI (SRI field), NW will configure spatial relation to each SRS resource (which is out of the case of this proposal). 

Response to Qualcomm: This proposal is for the case of single beam operation assuming beam correspondence. Since NW can update TCI state to the best by MAC CE, as long as the spatial relation always follows to the best TCI state, only one active UL beam is robustness enough. 
We are open to discuss to reduce overhead of TCI state indication, we think that is separate discussion.

Response to Huawei/HiSilicon: this proposal is assuming beam correspondence. Since supporting of beam correspondence is already agreed as mandatory in Rel.15, we believe it is enough to assume all UE supports beam correspondence (although, the performance requirement of the beam correspondence is up to UE capability)

	ZTE
	Regarding Proposal#1, this issue should be postponed until we have the final design on per-group-based updates for PUCCH resource(s). After that, we can evaluate the necessity of this solution.
Regarding Proposal#2, we have one question for clarification: how to handle the case that more than one SRS resources for non-CB or CB configured in the set, which is to achieve dynamical UL beam indication. 

	Ericsson
	Support. 

	Qualcomm
	First, the proposal 1 & 2 may not be applicable to multiple active UL beams, which is critical to provide enough robustness

In addition, compared with UL beam indication, the overhead issue is more pronounced for TCI state update in multiple CC case, where MAC-CE has to be sent for every CC even if they share the same analog beam. And the # of CCs can be up to 16 for basic DL CA UE capability in R15. This also increases UE complexity. Therefore, we should first consider overhead reduction for TCI state update across multiple CCs.

	Huawei, HiSilicon
	We understand introducing such default assumption can help reducing signalling overhead. Still, we suggest to have more discussions on the real meaning of such default QCL assumption (e.g., whether it is about the Rx and Tx beam only and dependency on UE beam correspondence). 

	vivo
	Support both proposal 1 and proposal 2.

	Intel
	If spatial relation is not configured, UE should drive the beam for DL RS for pathloss measurement. This is the only way to go.

	
	

	
	

	
	

	
	

	
	




Issue#3.6: Support for UL-TCI for UL beam indication

Several companies (e.g. [18], [24], [28]) have pointed out that utilizing the same TCI-based mechanism as DL beam indication is beneficial and more efficient for UL beam indication. Here, “UL TCI” signaling can be included in the UL-related DCI to indicate UL Tx beam assignment to the UE associated with a DL reference RS resource configured via UL TCI state definition – analogous to DL. Therefore, there is no need for using the so-called “target SRS”. This is also relevant to UL MP where the UL TCI field indicates the selected “panel.”

Proposal: In Rel.16, support UL-TCI based signaling for UL beam indication analogous to DL beam indication supported in Rel.15
· For UL MP panel selection, UL TCI can indicate the selected “panel”
· FFS: Whether this only applies to UL codebook-based transmission, or also for UL non-codebook-based transmission

· Support (4 companies): Samsung, Ericsson, Docomo, CATT
· Not support (4 companies): LGE, ZTE, Qualcomm, Intel,
· Study further (3 companies): Huawei, HiSilicon, vivo


Companies’ inputs/comments (if any):
	Samsung
	Support.

	LGE
	One fundamental question is given, e.g., for CB-based UL:  If UL-TCI is only for beam(+panel) indication, and if an UL-TCI state including 1-port BM-SRS resource is dynamically selected in UL grant, how does the UE generate final PUSCH precoder if assuming 2-Tx/4-Tx TPMI is also indicated by the UL grant?
Similar questions are also remaining, e.g., if an UL-TCI state including a DL RS directly.
In short, we think UL scheduling functionality is different from DL case (where the DL precoder generation is UE-transparent and UE does not need to know it), but for UL, however, a clear UL scheduling grant not only for UL beam indication but also for PUSCH/DMRS port virtualization/relation (with the clear linkage with TPMI and transmit rank in UL) is necessary to be given to UE, which has been a design basis in Rel-15 even from LTE.
Therefore, we want to understand the full detailed proposals from the proponents, before jumping to the proposal only talking about beam(+panel) indication aspects in UL.

	ZTE
	Not support

Considering both single and multi-panel cases, we can NOT see any strong motivation for this proposal, i.e., some essential things hardly to be achieved according to current PUSCH transmission framework. Since now, from our perspective, implicit deriving spatial relation info (as well as panel ID) from the associated SRS which is configured with “panel ID” (e.g., through spatialRelationInfo) still can work well in such case.

	Ericsson
	Support the proposal. Compared to UL, the handling of DL spatial properties is far more efficient and aligned across channels, through the use of TCI, which serves as a general mechanism to convey the spatial properties. The TCI states are used as a pool for use of all channels, while still allowing flexible scheduling solutions: RRC-configured, MAC CE activation, and DCI. In comparison, the way of conveying spatial relations for UL are much more scattered and clunky: it is not a coincidence that so much of the Rel-16 work is related to UL, and very little to DL. 

	Qualcomm
	The proposal may be aimed at overhead saving. The overhead issue is more pronounced for TCI state update in multiple CC case, where MAC-CE has to be sent for every CC even if they share the same analog beam. And the # of CCs can be up to 16 for basic DL CA UE capability in R15. This also increases UE complexity. Therefore, it would be beneficial to first consider overhead reduction for TCI state update across multiple CCs.

As for the proposal, the UL TCI may be motivated to save the SRI as proxy for PUSCH beam indication. However, for CB based PUSCH, SRS may have to be Txed for gNB to determine TPMI and rank. For NCB based PUSCH, precoded SRS may have to be Txed for gNB to determine which SRI to select. So the precedent SRS Tx may be needed anyway.   

On the overhead, UL TCI may also need 1 MAC-CE to down select active UL TCIs, which is then dynamically selected by DCI. So the overhead might be similar to SRI based beam indication in R15, where 1 MAC-CE first activates all SRS spatial relations in a set, whose corresponding SRI is then dynamically selected by DCI. So the overhead saving is also unclear.

	Huawei, HiSilicon
	Instead of supporting this directly, we suggest to start from study first, with all possible solutions and impacts listed for companies to consider and share views in the next meeting.  

	vivo
	We are open to further study this issue.

	Intel
	The general proposal of TCI based UL beam selection was discussed 2 years ago, which was not agreed. Now UL beam selection is spatial relation info based for PUCCH/SRS and SRI based for PUSCH. We cannot go back to reconstruct the whole UL beam selection architecture.

We can try some similar concept as TCI based DL beam indication, e.g. to use RRC configured many SRS resources with MAC CE for down-selection. Rel-16 enhancement should be based on Rel-15 framework. 

	
	

	
	

	
	

	
	

	
	

	
	

	
	




Other issues
Other listed issues below may or may not be handled in this meeting depending on the allowed on/offline discussion time.
· Enhancement on Rel-15 beam group based reporting [4], [11]
· L1 event trigger based reporting for fast beam selection [8], [21], [23], [24], [25], [29]
· Support updating path loss reference RSs for UL PC via MAC-CE [4], [24], [28]
· Introduce the possibility to configure multiple QCL sources for TRS [3], [28]
· Support A-TRS can be directly QCLed with an SSB with corresponding TCI [23], [28]

Proposals in Tdoc

[1] R1-1906030	Enhancements on multi-beam operation	Huawei, HiSilicon
Proposal 1: For configuring/updating spatial relation per group of PUCCH resources, instead of applying indicated spatial relation to one BWP or introducing explicit PUCCH groups, study solutions with more flexibility and less RRC impacts (e.g., applying to PUCCH resources with same spatial relation configured before).
Proposal 2: For latency/overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource set level if usage is configured as 'antennaSwitching'. 
Proposal 3: For overhead reduction, study mechanisms to relax the scheduling restrictions over OFDM symbols carrying BM RS like SSB when UE does not perform Rx beam sweeping. 
Proposal 4: Information of UE panel status or status updating need to be reported to gNB.

[2] R1-1906160	Further discussion on Multi-beam operation	vivo
Proposal 1: For multi-TRP case, PUCCH resource group per TRP is supported. 
Proposal 2: The PUCCH spatial relation configured in a BWP can be shared across different BWPs/cells.
Proposal 3: The DL RS configured in the TCI state pool could be used as the spatial relation info for PUCCH.
The TCI state configured in a BWP can be shared across different BWPs/cells.
Proposal 4: 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 5: UE-centric scheme of panel activation/deactivation is supported to save power consumption.
Proposal 6: UE panel ID can be introduced in beam reporting to assist network and UE’s alignment of panel activation/deactivation.
Proposal 7: Redefine non-group based and group based beam reporting which includes SSBRI/CRI + L1-RSRP value + UE panel ID in Rel-16.
Proposal 8: For PDCCH/PDSCH reception, source RS in TCI state is associated with a panel based on UE report. 
Proposal 9: The agreed panel ID does not need to be used for panel-selection-based transmission of PUSCH and PRACH.
Proposal 10: The gNB can indicate multiple SRIs for UL transmission, where UE can autonomously select one of the SRIs for improve coverage.
Proposal 11: An SRS resource set ID can be used as the UE panel ID at least for indicating panel-specific UL transmission.
Proposal 12: Dummy SRS resource set can be configured for UE panel indication.

[3] R1-1906225	Discussion on multi-beam enhancement	NTT DOCOMO, INC.
Proposal 3-1: At least more than one group of PUCCH resources per BWP is supported for spatial relation indication, where a single spatial relation per group of PUCCH resources is updated/indicated by one MAC CE. 
Proposal 3-2: If spatial relation info for PUCCH/SRS is not configured in FR2, UE assumes the spatial relation follows the default TCI state of PDCCH
	- Note: the default TCI state is same as Rel. 15, i.e. QCL assumption of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot
Proposal 3-3: 
•	Low latency beam selection should be specified.
•	Low signalling overhead beam selection should be specified.
Proposal 3-4: 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 3-5: For PDCCH beam selection, updates of the QCL assumption without explicit indication should be supported.
Proposal 3-6: 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:
•	Support Spatial relation cycling across repetitions for PUCCH repetition.
	- FFS flexible indication of Spatial relation cycling across repetitions for PUCCH repetition
•	Conclude to support PUCCH repetition within a slot.	- FFS details.
Proposal 4-2:
•	Support precoder/SRI-cycling across repetitions for PUSCH repetition for both dynamic grant and configured grant
	- Precoders/SRIs for PUSCH repetitions are indicated by DCI from multiple sequences of precoders/SRIs
	- Multiple sequences of precoders/SRIs for PUSCH repetitions are configured by higher layer
•	Support RV sequences {0, 0, 0, 0} and {0, 3, 0, 3} for PUSCH repetitions for dynamic grant
	- For dynamic grant, one of the RV sequences and starting RV value should be indicatable by the scheduling DCI
•	FFS whether the RV sequence and precoders/SRIs are jointly indicated by one field or separately indicated by different fields in the scheduling DCI
Proposal 4-3: Support mini-slot PUSCH repetition as a function of multi-TRP enhancement for URLLC
	- Details of mini-slot PUSCH repetition should be studied in eURLLC WI.
Proposal 4-4: Support at least up to 4 TRPs for multi-TRP for URLLC.

[4] R1-1906237	Enhancements on Multi-beam Operation	ZTE
Proposal 1: UE antenna group identifier (ID), i.e., new ID for UE panel, with the following definition is introduced for indicating panel-specific UL transmission for the UEs capable of MPUE-Assumption3:
· Regardless of associating with the same or different UE antenna group ID, UL signals with different spatial relations can NOT be transmitted simultaneously. 
· UL signals associated with different UE antenna group ID can be associated with the respective timing advance and UL power control parameters.
· Note that the maximum number of UE antenna groups is based on UE capability signaling, and the global ID for UE antenna groups is used for reporting and indication, regardless of panel activation and deactivation.
· For the UEs which are not capable of MPUE-Assumption 3, the behavior should fall back to Rel-15 behavior i.e. SRS resources in different SRS resource sets with the same time domain behavior in the same BWP may be transmitted simultaneously. 
Proposal 2:  UE antenna group ID is reported along with DL RS in the panel-specific beam reporting.
· DL RSs associated with the same UE antenna group ID may NOT be possibly received simultaneously;
· DL RSs associated with different UE antenna group ID can be received simultaneously.
Proposal 3: Study the mechanism of gNB-driven UE panel activation and deactivation for beam or CSI measurement, e.g., wake up antenna groups periodically/aperiodically for measurement to select antenna groups.
Proposal 4: The following working assumption is confirmed with modifications
The agreed ID (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH, PRACH and SRS, among multiple activated panels.
· FFS details, including an explicit/implicit indication of the panel, also considering beam correspondence at UE.
Proposal 5: The following is supported for panel-specific UL transmission.
· Regarding PUCCH transmission, the UE antenna group ID is introduced into the spatialRelationInfo per PUCCH resource.
· Regarding SRS transmission, the UE antenna group ID is introduced into the spatialRelationInfo per SRS resource in a SRS resource set, where the same UE group ID should be configured for any SRS resources.
· Regarding PUSCH transmission, no further enhancement on the UE antenna group ID is required.
· Regarding PRACH transmission, the UE antenna group ID is introduced in DCI format 1_0 for random access procedure initiated by a PDCCH order.
· FFS: other cases, e.g., PRACH for BFR.
Proposal 6:  Down-selection among the following options of grouping PUCCH resources for updating the single spatial relation.
· Opt1: PUCCH resources can be grouped based on the same SpatialRelationInfo, 
· Opt2: PUCCH resources can be grouped or indicated together through a bitmap in the corresponding MAC-CE signal where the bitmap indicates which PUCCH resources the MAC-CE command applies to.
· Opt3: PUCCH resources can be grouped based on the new group ID, which is introduced into PUCCH resource configuration.
Proposal 7: MAC CE based spatial relation is supported to update for aperiodic SRS per resource level
· The usage of the aperiodic SRS can be beamManagement, codebook, nonCodebook, or antennaSwitching.
· FFS: UL power control parameter update for the aperiodic SRS and the associated PUSCH transmissions, if the SRS is used for codebook or nonCodebook. 
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. 

[5] R1-1906275	Discussion of multi-beam operation		Lenovo, Motorola Mobility
Proposal 3: gNB shall explicitly assign an unique ID for each panel and the panel ID will be associated with a set of higher layer parameters, e,g, SRS-Config, PUCCH-Config, PUSCH-Config.
Proposal 4: The received panel ID should be reported along with the L1-RSRP/SINR reporting for the potential multi-panel reception.
Proposal 5: How to indicate the activated panel information to the gNB should be FFS.
Proposal 6: Guard period with at least one symbol should be defined for panel switching or beam switching based UL transmission.

[6] R1-1906288	Discussion on Multi-beam Operation Enhancements	OPPO
Proposal 10: When ≤ 8 TCI states are configured, no activation command is used to map TCI states to DCI codepoints for the dynamic beam indication of PDSCH and the UE can assume the TCI states configured in RRC are mapped to DCI codepoints directly.
Proposal 11: Rel-16 support up to 4 SRS resources for codebook-based PUSCH.
Proposal 12: Grouping of PUCCH resources for spatial relation info indication through MAC CE is supported: 
-	the PUCCH resources in one BWP can be partitioned into two groups. For each group, a MAC CE message can indicate a single spatial relation info for all the PUCCH resources in that group.
Proposal 13: In additional to Rel-15 BFR, study and specify PUCCH-based BFR procedure to reduce the overhead and latency. 
Proposal 14: One SRS resource indicator can be used to indicate the panel-specific PUSCH transmission.
Proposal 15: For UE with multiple Tx panels, support fast turn-off / turn-on of some panel(s) for efficient power consumption

[7] R1-1906346	Considerations on multi-beam enhancements		CATT
Proposal 1: UE hardware implementation should be transparent to gNB. gNB controls UE beam/panel by implicitly controlling the uplink RS resources. 
Proposal 2: Panel/beam selection should be done jointly, which reflects the transmit source of an UL signal.    
Proposal 3: Introduce a BPI field in DCI 0_1 to implicitly indicate the uplink beam/panel for PUSCH, which signals the ID of SRS_BM or SSB/CSI-RS. 
Proposal 4: Introduce a BPI field in the triggering grant for A_SRS_CSI, which implicitly provides the uplink beam for A_SRS_CSI. The BPI signals the ID of SRS_BM or SSB/CSI-RS. FFS whether BPI is the same for PUSCH and A-SRS-CSI in one UL grant. 
Proposal 5: Support dynamic indicating the panel/beam of PUCCH through BPI, where BPI is explicitly carried in DL grant, or implicitly conveyed through TCI of PDCCH/PDSCH. 

[8] R1-1906370	Discussion on multi-beam operation		Spreadtrum Communications
Proposal 1: Study event triggered beam reporting where partial beam failure happens
-	The report at least should include failed beam index, and if new beam could be identified, the corresponding information could also be included.
-	Dedicated PUCCH resource could be configured for the report, or SR triggered PUSCH resources could also be utilized for the report
Proposal 2: Confirm the Working Assumption: The agreed ID (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH and SRS, among multiple activated panels.
Proposal 3: Support to introduce a new ID for indicating panel-specific UL transmission.
Proposal 4: Support Alt.4 for indicating panel-specific UL transmission.

[9] R1-1906399	Discussion on multi-beam operation		NEC

[10] R1-1906446	Enhancements on multi-beam operation	Fujitsu

[11] R1-1906522	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: Update/configure spatial relation per PUCCH group can reduce the MAC CE overhead and UL beam management latency, where PUCCH group can be defined as part of PUCCH resources in one PUCCH resource set.
Proposal 3: The enhancement of group-based beam reporting should be considered in Rel-16 for both multi-panel and multi-TRP transmission.

[12] R1-1906537	Enhancements on Multi-beam Operation	MediaTek Inc.
Proposal 1: Extend number of SRS resource set for codebook/nonCodebook
Proposal 2: The definition of panel ID should take the reporting mechanism into consideration 
Proposal 4: U-3 procedure which allows UE local TX beam sweeping around an indicated spatial relation information is supported for reducing UL beam training overhead.

[13] R1-1906731	Discussion on multi-beam based operations and enhancements	LG Electronics
Proposal 1: To support dynamic panel selection for PUCCH transmission, down-select among the following alternatives:
-	Option 1: Panel is identified from PUCCH-SpatialRelationInfo. 
-	Option 2: Panel is identified from PUCCH resource configuration, e.g., per PUCCH-Resource (or per group of PUCCH resources).
Proposal 2: In term of PUSCH link adaptation based on SRS, 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. Panel identification is based on a SRS resource set level.
-	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. Panel identification is based on a SRS resource level.
Proposal 3: Increase the bit width of the SRI field for codebook-based UL configurable up to 2 or 4 bits for dynamic PUSCH beam/panel controlling flexibility, to at least align with that for non-codebook-based UL.
Proposal 4: Confirm the WA with the following modification:
The agreed ID (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH, PRACH and SRS, among multiple activated panels.
-	FFS details, including an explicit/implicit indication of the panel, also considering beam correspondence at UE.
Proposal 5: At least for RAN1 discussion purpose, the definition of “panel” is given as one or multiple as combination of below depending on different UE implementation.
-	Unit of antenna group to control beam independently
•	Within a panel, one beam can be selected and used for UL transmission.
•	Across different panels, multiple beams (each selected per panel) may be used for UL transmission
-	Unit of antenna group to control its transmission power
-	Unit of antenna group to control its transmission timing
Proposal 6: The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level should have no restriction on applicable SRS usages.
Proposal 7: 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.

[14] R1-1906816	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 report some information to assist gNB to trigger CSI-RS with repetition=ON with UE suggested number of CSI-RS resources.
Proposal 2: To reduce UE beam searching latency, signalling of the QCL information between SSBs should be supported.
Proposal 3: At least for aperiodic SRS for codebook/non-codebook, MAC CE based beam indication is supported.
Proposal 4: For latency reduction, after UE changes spatial relation info of associated aperiodic SRS, UE should change the spatial relation info for corresponding PUSCH/PUCCH, regardless of whether the SRS with new spatial relation info has been transmitted or not.
Proposal 5: 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 6: A UE panel should be defined as an Antenna Port(s) Group (APG), where the pathloss for different APGs could be different.
Proposal 7: Both gNB and UE should maintain the same understanding on UE panel’s activation/deactivation status, where UE can report to gNB that it is going to activate/deactivate a UE panel.
Proposal 8: Send an LS to RAN4 on minimal panel switching delay for both cases that targeting panel is active or inactive.
Proposal 9: It should be supported that UE can report APG index for a SSB/CSI-RS resource in a beam reporting instance.
Proposal 10: 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 11: The working assumption on agreed ID should be updated, where the ID should be a panel selected from all UE panels instead of activated panel, and the ID can be used for PRACH as well. 
Proposal 12: It should be supported that the ID to indicate a UE panel should be configured explicitly in a spatial relation info.

[15] R1-1906851	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 SRS-SetUse as ‘BeamManagement’ can be used for UL panel-specific beam selection.
Proposal 3: The ID of SRS resource set with SRS-SetUse as ‘NCB’ or ‘CB’ can be used for UL panel-specific beam indication, if the maximal number of SRS resource sets can be increased to the number of UE antenna panels.
Proposal 4: Confirm the working assumption on explicit panel-specific indication on PUSCH/PUCCH/SRS and include PRACH with conditions FFS.
Proposal 5: RAN1 needs to study and specify (if necessary) whether a beam can support up to two independent layers, separated by polarization.
Proposal 6: For UL panel-specific transmission, RAN1 clarifies the antenna panel definition considering the capability of analog beamforming.
Proposal 13: It is proposed that companies study most efficient method for a UE to gain access to the polarization properties of the gNB beams.

[16] R1-1906861	On L1-SINR Measurement		InterDigital, Inc.

[17] R1-1906887	Enhancements on multi-beam operation	China Telecommunications
Proposal 1: Introduce a new panel-specific ID which can be associated to a reference RS resource or resource set (such as SRS, NZP CSI-RS, and/or SSB) for UL transmission.
Proposal 2: The agreed panel ID can be used to differentiate separate beams and panel configurations, such as transmission power, panel switching delay.
Proposal 3: The agreed panel ID can be used for indicating a UE Tx panel among multiple activated panels for PUSCH, PUCCH, and SRS transmission.
Proposal 4: 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.
Proposal 5: In Rel-16, panel-specific power control for panel-specific UL transmission(s) is supported.

[18] R1-1906969	Enhancements on multi-beam operation	Samsung
· DL/UL beam indication with reduced latency/overhead:
1. Support using one MAC CE to update spatial relation for all PUCCH resources in a CC and defining group of PUCCHs for MAC-CE-based spatial relation indication is not needed. 
2. 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
3. Introduce the use of SRS for aiding DL beam indication by including SRS resource ID in TCI state definition
4. Support DCI format 0_0 for any SCell in FR2 even when PUCCH resource configuration is absent 
· UL beam indication for multi-panel UE: 
1. On Rel.16 UL MP enhancement for MPUE-Assumption3, 
· Confirm the working assumption, focusing enhancement only for PUSCH, PUCCH, and SRS 
· Specifying different panel ID schemes for different channels/signals should not be ruled out 
· If time permits, some study/work on PDCCH-ordered RACH can be considered
2. At least for UL codebook-based transmission: 
· 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.

[19] R1-1907032	On enhancements for multi-beam operations for NR MIMO in Rel. 16	Panasonic
Proposal 1: For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource level regardless of SRS usage.
Proposal 2: An identifier (ID), agreed in RAN1#95, (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH and SRS, among multiple activated panels.
Proposal 3: 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
Proposal 4: If PUCCH grouping is agreed to be supported in multi-TRP, then similar approach should be adopted in multi-beam operations for simultaneous update/indication of a single spatial relation per group of PUCCH by MAC CE.

[20] R1-1907052	Enhancements on UE multi-beam operation	Fraunhofer IIS/Fraunhofer HHI
Proposal 1: A panel is defined as a set of UE antenna ports that can independently control the direction and power of a UE beam.
Proposal 2: The SRS port(s) of all SRS resource(s) of an SRS resource set map to antenna ports associated with a single panel.
Proposal 3: The maximum number of configurable SRS resource sets supported for ‘codebook’ and ‘nonCodebook’ based SRS, per time-domain behavior, is equal to the number of UE antenna panels.
Proposal 4: The UE shall report the SRS resource set ID(s) or SRS resource ID(s) corresponding to the activated UE panels, or the one or more UE panels/antenna ports used for receiving in the DL, in a DL beam reporting instance to aid the gNB in triggering panel-specific UL transmissions.
Proposal 5: The discussion on grouping of PUCCH resources and the corresponding PUCCH-SpatialRelationInfo update shall be shifted to the multi-TRP agenda item.
Proposal 6: Introduce joint signalling of TCI-state for CORESET(s) and PUCCH-SpatialRelationInfo for a group of associated PUCCH resources via MAC-CE or RRC configuration.
•	The PUCCH resource grouping method shall be decided in the multi-TRP agenda item.

[21] R1-1907156	Enhancements on multi-beam operation	AT&T
Proposal 1: a UE triggered beam management procedure should be studied in NR for overhead reduction
Proposal 2: DL beam reporting enhancements to include receive beam information should be considered for efficiency and overhead reduction.

[22] R1-1907205	Further discussion on Scell BFR and L1-SINR	CAICT

[23] R1-1907290	Enhancements on Multi-beam Operation	Qualcomm Incorporated
Proposal 10: On the panel definition, each panel has independent beam control and power control.
Proposal 11: R15 based power control can be a start point of panel specific power control.
Proposal 12: On the choice of panel ID, each SRS resource set can be associated with a panel.
Proposal 13: The SRS resource set associated with each panel can be for both ‘codebook’ and ‘noncodebook’ based PUSCH transmission. 
- 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 mapping table shall be extended to include SRS resources across SRS resource sets.
Proposal 14: UE to report the activation/deactivation status per panel ID.
Proposal 15: Support panel specific PRACH transmission for PDCCH order, PSCell addition, and hand over.
Proposal 16: Support gNB to request the panel activation/deactivation, which is finally decided by UE, at least when gNB request conflicts with certain UE conditions, e.g. UE power saving.
Proposal 17: For enhanced reliability and robustness, support single DCI transmission over multiple TCI states
Proposal 18: Study and specify PUCCH repetition/ selection across multiple beams for enhanced reliability and robustness
Proposal 19: Study and specify L1 event trigger-based report for fast beam selection.
Proposal 20: Mechanisms to reduce latency in beam selection for CDRX operation shall be studied and specified.
Proposal 23: Support the definition of PUCCH group for any set of PUCCH resources at least within a BWP
- Support at least explicit signalling for the PUCCH group indication
Proposal 24: Besides QCLed with P-TRS, A-TRS can be directly QCLed with an SSB with corresponding TCI states including 
-     'QCL-TypeC' with an SS/PBCH block and, when applicable, 'QCL-TypeD' with the same SS/PBCH block, or
-     'QCL-TypeC' with an SS/PBCH block and, when applicable,'QCL-TypeD' with a CSI-RS resource in an NZP-CSI-RS-ResourceSet configured with higher layer parameter repetition 
Proposal 25: Support same set of configured TCI states applied to multiple pairs of BWP/CC
- If corresponding BWP/CC ID is not specified, the QCL-TypeX RS is located in the BWP/CC where the configured TCI state is applied
Proposal 26: Support one MAC-CE activating same set of TCI state IDs for multiple pairs of BWP/CC
Proposal 27: Support MAC-CE update of QCL for periodic CSI-RS, at least for BFD RS
Proposal 28: MPE issue should be included in the study for Rel-16 Enhanced MIMO
Proposal 29: For 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 satisfying MPE requirements.

[24] R1-1907317	Enhancements on Multi-beam Operation	Nokia, Nokia Shanghai Bell
Proposal 1: 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 required and achievable EIRP point of view to tackle RF exposure issue in FR2.
Proposal 2: 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 3: Introduce an antenna group ID to represent a panel. The antenna group ID is defined as follows:
•	UL signals, e.g. SRSs, associated to the same antenna group ID cannot be transmitted simultaneously
•	UL signals, e.g. SRSs, associated to the different antenna group IDs can be transmitted simultaneously
Proposal 4: UE capability signalling supports indicating the space of the identifier that indicates the number of antenna group IDs UE would support.
Proposal 5: Support UE panel aware beam reporting and triggering of UE panel aware beam reporting for panel specific uplink beam selection.
Proposal 6: 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 7: Support associating the antenna group ID to an SRS resource set (and correspondingly to SRS resources within the set).
Proposal 8: Path loss reference indicated by SRI should be associated to the same antenna group ID as the SRS resource set to which the SRI indicated SRS resource belongs.
Proposal 9: Support configuring one and multiple groups of PUCCH resources in a BWP and support spatial update per group of PUCCH where group may comprise:
•	all PUCCH resources in a BWP
•	PUCCH resources across PUCCH resource sets
Proposal 10: Supporting MAC CE based spatial relation update for aperiodic SRS is applicable regardless of the aperiodic SRS target use.
Proposal 11: Support determining spatial QCL source for e.g. CSI-RS for CSI acquisition, CSI-RS 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. A, required changes marked with green color.
Proposal 25: Study the potential of UE event driven/based mechanisms for beam management.

[25] R1-1907343	Considerations on enhancements to multi-beam operation	Apple Inc.
Proposal 1: NR supports beam management enhancement to resolve MPE issue
Proposal 2: Rel-16 NR supports separate beam measurement report for DL and UL beam management
Proposal 3: Rel-16 NR considers relaxation of the UL beam indication requirement by providing a UE with more flexibility in terms of choosing the UL beam.
Proposal 4: Rel-16 NR considers enhancement of the DL beam measurement report to reflect DL/UL discrepancy. Details on enhancement, such as separate ranking, PHR reporting, Tx power back reporting, etc., are FFS.
Proposal 5: NR to support UE event based aperiodic beam measurement reporting. FFS: the detailed events and configurations

[26] R1-1907360	Enhancements on Multi-beam Operations	Asia Pacific Telecom co. Ltd
Proposal 1	A panel is defined as FL Opt-1 candidate, with the following modification:
-	Opt-1: Unit of antenna group to control 1-port beam independently
Proposal 2	To support MPUE-Assumption3 for fast panel switch operation, the following signalling is supported
- NW signaling
-  Indication to select UL transmission panel from currently active panels
-  Indication to request a number of panels to be activated/deactivated based on UE capability
-  UE reporting
-  Report to indicate information of currently activated panels
Proposal 3	 Reuse SRS resource set ID as the panel ID.

[27] R1-1907416	Enhancement on multi-beam operation	KDDI Corporation
Proposal 1: For activation and deactivation of UE’s panel, the following issues need to be considered. 
•	gNB indication about panel activation based on UE reporting 
•	UE triggered panel activation 
•	FFS: Whether the number of UE panels is included in reporting contents
Note: This mechanism takes multi-TRP transmission activation and deactivation function into account.

[28] R1-1907436	Enhancements to multi-beam operation	Ericsson
Proposal 1	Allow MAC CE based updates of spatial relation for aperiodic SRS resources belonging to SRS resource set with SRS-SetUse=‘beamManagement’, ‘codebook’, ‘nonCodebook’ and ‘antennaSwitching’
Proposal 2	Support MAC CE activation of one SRS resource set previously configured using RRC.
Proposal 3	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 4	Support updating with a single MAC CE message the spatial relations of all PUCCH resources across BWPs and CCs in a band.
Proposal 5	Support updating with a single MAC CE message the spatial relations of a group of PUCCH resources across BWPs and CCs in a band.
Proposal 6	Introduce the possibility to use a CORESET when configuring a spatial relation.
Proposal 7	Increase the maximum number of PUCCH pathloss reference RSs to 64.
Proposal 8	Introduce the possibility to activate SRS resource sets using MAC CE.
Proposal 9	Increase the maximum number of PUSCH pathloss reference RSs to 64.
Proposal 10	Introduce MAC CE activation of SRI-PUSCH-PowerControl structures, and state that the SRI points into the activated subset.
Proposal 11	Introduce the possibility to configure several QCL sources for one RS.
Proposal 12	Introduce the possibility to configure an aperiodic TRS with the same TCI states as the periodic TRS.
Proposal 13	Introduce the possibility to configure SRS in a TCI state to indicate ‘QCL-TypeD’.
Proposal 14	Introduce an UL TCI to control the spatial properties of SRS, PUCCH and PUSCH transmissions.

[29] R1-1907444	Enhancements on beam management	Beijing Xiaomi Electronics
Proposal 3: Event-driven UE initiated beam reporting when a part of PDCCH beams fail can be supported.

[30] R1-1907466	On Beam Failure Recovery for SCell	Convida Wireless

[31] R1-1907174 Views on NR multi-beam operations	Mitsubishi Electric
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
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