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1. Introduction

In this FL summary of Enhancements on Multi-beam Operations, the following highlighted two sub-bullets are considered within the 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 a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15

· Specify measurement and reporting of either L1-RSRQ or L1-SINR
The other sub-bullets and evaluation methodology related issues are summarized in other FL summary documents.

2. Work plan and timeline
· RAN1#94b
· Identify and list up possible enhancement areas for both UL and DL. 

· Aim to agree high-level design principle for commonly interested topics for UL multi-panel operations. 
· RAN1#95
· List up possible solutions for each enhancement area for UL multi-panel operations, including down-selection/merging as much as possible. 
· Start performance comparison of potential DL enhancements 

· RAN1#AH ~ RAN1#96b

· Down-select solution(s) to be specified for UL multi-panel operations, and aim to specify details in operations and mechanisms.

· Aim to make a consensus on the necessity of DL enhancements and, if agreed, technical solution(s) to be specified.

· RAN1#97 ~ RAN1#98

· Agree to specify details in operations and mechanisms for UL multi-panel operations, and DL enhancements (if agreed to be specified).

· RAN1#98b ~ RAN1#99

· Remaining details and maintenance issues, if any
3. Multi-beam based UL operations (including latency/overhead reduction in UL)
Based on reviewing the submitted Tdocs shown in Section 5, the following issues and proposals are summarized for efficient offline/online discussions in RAN1#94bis meeting, 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#1: Mechanism for identifying and utilizing UE’s panel usages for DL and UL, suggested by [1], [2], [10], [14], [20], [22], [23], [24], [25].
In Tdoc [24], it is explained that Rel-15 specifications are transparent to UEs’ panels to a large extent. For instance, using independent DL RX and UL TX beam selection could lead to a situation that the total number of required panels for DL and UL is higher than what would be required if the gNB was aware which UE panels would be used for both TX and RX and could thus optimize DL and UL beam selection so that UE would be able to use minimum number of active panels at a time.
[FL Note]: Considering the first meeting for Rel-16, it seems beneficial to agree the following principle for further designs.

Proposal 1: Companies are encouraged to evaluate and study further mechanism(s) to have and utilize synchronized information between gNB and UE about UE’s panel usage at least in UL (and DL as FFS), e.g., by

· Option 1: Introduce UE panel-specific identifier (or relying on existing RS resource or resource set ID, e.g., SRS resource/set ID), to be used by gNB’s signalling and/or UE’s reporting
· Option 2: Support activating or deactivating UE antenna group/panel(s)
· Option 3: Introduce UE trigger/request of UL BM for panel switching
· Other options are not precluded.

Companies’ inputs:

	ZTE
	Agree and support Option 1 and Option 2

· Taking into account that group-based reporting is used for supporting multi-panel usages, we can consider extending group based reporting to support UE panel-specific identification for both DL and UL. 

· We think it is more appropriate to discuss this in MIMO session since panel activation and selection should be discussed together.  MIMO delegates are more familiar with this matter. 

	LGE
	Agree in principle

	Intel
	Agree and support Option 1

	OPPO
	Agree and support Option 1 and Option 2

	InterDigital
	Agree in principle and support Option 1

	DOCOMO
	Agree in principle and support Option 2

	Xiaomi
	Agree and support Option 1

	Huawei/HiSilicon
	Agree in principle for the UL part and support Option 1/2
1. As the objective says UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection, we think the DL part may not fit into the current scope of Rel-16 MIMO. Clarification is required before RAN1 agree to list this for study.

2. Instead of going straight to potential solutions, we suggest to align the understanding of Rel-15 design (e.g., whether UE panel activation/deactivation is supported in Rel-15 or not, as pointed out by CATT) and then discuss and possibly converge on use case and design target/principle in the 1st meeting.

BTW: Option 1 and 2 are not mutually exclusive and Option 2 may even require Option 1 as pre-requisite.

	Nokia
	Agree and support Option 1 and Option 2

	Ericsson
	Performance benefits need to be established. UE power consumption is handled in the SI on UE power consumption.

	CATT
	Similar views as Ericsson. Rel.15 already supports panel activation/deactivation to a certain extent. Use cases and performance gains need to be studied first. 

	vivo
	For Option 1, SRS resource set for BM already imply the corresponding panel. No more IDs are necessary.

Mechanism for UE power consumption can be discussed in power control session.

	Samsung
	Agree with the principle of proposal 1 and support Option 1 

	MediaTek
	For Option 1, similar view as CATT and vivo, panel-specific beam selection based on SRS has been already support in Rel-15. To introduce explicit UE panel-specific identifier, additional benefit should be identified.

We also add Option 3, in consideration that UL counterpart of Issue#11 should be discussed as well.

	Apple
	Rel-15 already introduced group-based beam reporting which, as we understand, supports multi-panel implementation in a transparent/flexible way. We prefer to first strive to support the feature in a transparent way, without explicitly signalling the panel related ID. We think it is more beneficial to design the spec. from functionality perspective, i.e. whether UE supports simultaneous Tx or Rx with multiple beams, instead of implementation perspective, i.e. how many physical antenna panels UE contains 

	Mitsubishi Electric
	Agree with the principle and support Option 1. UE panel specific identifier will be useful for beam management. 

	Lenovo/

Motorola Mobility
	Agree with CATT. Panel activation/deactivation is already supported in R15 to a certain extent. Use cases and performance gains need to be studied first.

	Qualcomm
	Agree and support Option 1. Activating/deactivating UE panels should be handled in power saving session

	Panasonic
	Agree and support both option 1 and option 2

	
	

	
	

	
	

	
	


Issue#2: Supporting simultaneous multi-panel UL transmission for PUSCH, suggested by [1], [2], [3], [5], [12], [14], [22], [23], [24], [25].
In Tdoc [2], it is explained that Rel.15 only supports signaling one UL TX beam to the UE since only a single SRI field is included in DCI 0_1. Likewise, SRS-Resource is linked to a reference RS via SpatialRelationInfo (which includes only one reference RS ID). However, for UEs with N panels, N different UL TX beams can be “simultaneously” transmitted. By facilitating such functionality, the UE can “simultaneously” transmit via multiple panels for increasing diversity and/or multiplexing.
[FL Note]: The principle of supporting this had been already agreed in RAN1#88bis as follows, so that it should be beneficial and constructive to discuss “how to efficiently support this” with proper details, considering the agreement was not in details, but only for the principle of supporting this:
	Agreements@RAN1#88bis:
· Codebook based transmission for UL is supported at least by following signaling in UL grant:

· SRI+TPMI+TRI, where 

· The TPMI is used to indicate preferred precoder over the SRS ports in the selected SRS resource by the SRI.

· No SRI when a single SRS resource is configured

· The TPMI is used to indicate preferred precoder over the SRS ports in the configured single SRS resource.

· Support indication on selection of multiple SRS resources 

· FFS details


Proposal 2: Companies are encouraged to evaluate and study further mechanism(s) to support multiple UL Tx beam indication for grant-based PUSCH for codebook-based and non-codebook based UL.
· FFS on how to support the indication, e.g., by multiple SRI fields, an extension of the existing SRI field, an explicit indication of selected panel(s), single SRS resource transmitted associated with multiple panels etc.

· FFS on inter-beam co-phasing, relation to TPMI/TRI fields, PC/TA mechanisms, 
· FFS on cases for non-codebook based UL with enhancements, and other possible cases, e.g., for scheduled grant PUSCH.

Companies’ inputs:
	ZTE
	Support in principle

	LGE
	Support in principle

	vivo
	Support in principle

	CATT
	There are several possible transmission schemes in the context of UL multi-panel (e.g. single-panel vs. multi-panel). As discussed in R1-1810556, we prefer to discuss and understand the use case and performance before rushing into any conclusion. So the answer is no.

	Samsung
	Support in principle

	OPPO
	Support in principle

	DOCOMO
	Support in principle

	Xiaomi
	Support in principle

	Huawei
	Although we support in principle, need to discuss and decide whether the detailed FFS points can fit into the current scope of Rel-16 MIMO and also the limited time allocation. Also the main proposal seems to be too strong at this stage (i.e. support one mechanism) without study at first. It may be better to change to “study multiple UL Tx beam indication…”

	Nokia
	Support in principle

	Ericsson
	UE TX power characteristics must be established first: is there a power limitation per panel? Without such a (new) limitation, simultaneous transmission over multiple panels will lead to performance degradation. Note that the agreement from RAN1#88bis was reverted in RAN1#91

	Intel
	We think we should first clarify whether this is within WID’s scope.

	vivo
	Some refinement of the wording highlighted yellow.

	MediaTek
	We think the same discussion should apply to both codebook and non-codebook based UL transmission.

	Apple
	Compared to multi-beam simultaneous Rx, it is more complicated to support multi-beam simultaneous Tx. Given the limited time, we should also consider the prioritization of different features, i.e. simultaneous DL vs UL, codebook vs non-codebook. 

	Lenovo/Motorola Mobility
	Support in principle

	Qualcomm
	Support in principle

	
	

	
	

	
	

	
	


Issue#3: Increased flexibility to control PUSCH spatial relation, suggested by [19], [2], [4], [5], [10], [14]
In Tdoc [19], it is explained based on Rel-15 that it is possible to update the spatial relation using MAC CE for semi-persistent SRS, but the same level of flexibility does not exist for other types of SRS (i.e., for aperiodic, periodic).

[FL Note]: Considering the first meeting for Rel-16, it seems beneficial to agree the following principle for further designs.

Proposal 3: Strive to design Rel-16 with increased flexibility to control PUSCH spatial relation even for single-beam based PUSCH transmission cases, e.g., by
· Option 1: Introducing the possibility to configure a list of spatial relations for periodic and/or aperiodic SRS resources which are subsequently activated or indicated before they are used)
· Option 2: Increasing either the number of SRS resource sets or the number of SRS resources that can be configured in a SRS resource set for codebook based UL.
· Option 3: Allowing PRACH from initial access as a source of UL Tx beam for PUSCH, at least in the early stage after RRC connection
· Other options are not precluded.

Companies’ inputs:

	Ericsson
	Agree and support Option 1 and Option 2

	LGE
	Agree in principle

	MediaTek
	Agree and support Option 2. We are okay with option2 if it is applied to multi-beam case. We are more conservative it is for single-beam.

	CATT
	Agree in principle and support Option 3

	Intel
	Agree and support Option 1. For option 2, we would like to understand why to increase number of SRS resource sets can help. For option 3, it seems this has already been supported in Rel-15? 

	OPPO
	Agree and support Option 2

	Nokia
	Support

	vivo
	Option 1 and option 3 are for latency reduction, they may need to be studied first before specification. Scope-wise, they are not at the same level as Option 2.

	Samsung
	Agree and support Option 1 (in principle, as long as activation/indication does not yet imply a particular signalling mechanism, either L1 or L2, since this needs to be studied carefully) 

	Apple
	We think, at least for UEs with beam correspondence, it is also a cleaner design to use TCI in UL DCI to indicate PUSCH beam which makes the design for UL and DL unified.

	Huawei/HiSilicon
	Option 1 is not clear enough. The proposed solution seems already possible in Rel-15 by RRC configuration. Is the proposal to configure/indicate spatial relation for P/AP SRS by MAC-CE/DCI? In this case, why SP-SRS is insufficient?

	ZTE
	Support Option 1 and Option 2.

	Lenovo/Motorola Mobility
	Support Option 2

	Qualcomm
	Support Option 1. For Option 2, one A-SRS resource if associated with A-CSI-RS can indicate up to 64 UL beams. So it may not need to increase SRS resource #. 

	
	

	
	

	
	

	
	


Issue#4: Increased flexibility and reliability to control PUCCH spatial relation, suggested by [19], [2], [4], [21]
In Tdoc [19], it is explained based on Rel-15 that a PUCCH can be RRC configured with up to 8 spatial relations. One such spatial relation can be either an SRS or a DL reference signal, either a CSI-RS or an SSB. Typically, more than 8 DL signals, e.g., SSBs, will be used to cover one cell. If these DL signals are used as spatial references, RRC reconfiguration will be needed as the UE moves across the cell.
[FL Note]: Considering the first meeting for Rel-16, it seems beneficial to agree a principle for further designs like the following.

Proposal 4: Strive to design Rel-16 with increased flexibility and reliability to control PUCCH spatial relation compared to Rel-15, e.g., by

· Option 1: Increase the maximum number of configured spatial relations for PUCCH, e.g., to 64
· Option 2: PUCCH repetition/selection/transmission across multiple beams for enhanced reliability
· Other options are not precluded.
Companies’ inputs:

	Ericsson
	Agree and support Option 1. Option 2 belongs to multi-TRP

	MediaTek
	Agree and support Option 2

	LGE
	Agree in principle

	Qualcomm
	Agree and support Option 2

	Nokia
	Agree and support Option 1

	CATT
	Agree to support option 1. Option 2 is to be discussed under multi-TRP.

	Docomo
	Support option 2

	OPPO
	For option 1, performance gain should be studied firstly. UE has less Tx beam than gNB. Thus the benefit of a larger number than 3 is unclear.

	Intel
	We think it is better to clarify whether Option 2 is in the WID’s scope. For option 1, we are not sure whether it can help to reduce overhead and latency. In Rel-15, PUCCH spatial relation info is selected per PUCCH resource level, which is quite flexible, and gNB can indicate SRS beam to update PUCCH beam, which is similar to PUSCH. So the key issue is how to reduce SRS beam indication latency.

	Vivo
	Refinement of option 2 highlighted yellow

	Samsung
	Agree with the principle of proposal 4 (increased flexibility/reliability for PUCCH spatial relation), but currently is unconvinced if option 1 and/or 2 can resolve the issue.

	Apple
	Agree with the goal in principle. Since it is the first meeting, we should not limit the solutions to two only, we can add “Other options not precluded” (

	Huawei/HiSilicon
	Instead of going straight to solutions, we suggest checking the performance of Rel-15 design and align the understanding among companies, such that the necessity of having increased flexibility/reliability can be better justified.

In our understanding, Option 2 does not fall into the current scope of Rel-16 MIMO. Clarification is required before RAN1 agree to list this for study.

	ZTE
	Support Option 1 and Option 2.

	Qualcomm
	Support both Option 1 and Option 2

	Panasonic
	Support Option 2, although it should be discussed in multi-TRP

	
	

	
	

	
	

	
	


Issue#5: Improving flexibility/controllability of BM SRS beam sweeping, suggested by [10], [2], [4], [20], [24]
In Tdoc [10], it is explained based on Rel-15 that it has been specified that when spatial relation info is configured, UE shall use the indicated Tx beam to transmit SRS. When spatial relation info is not configured, UE has no information which Tx beams should be applied to the SRS resources. If the number of Tx beams are large, a large number of SRS resources would be required, which could take too much overhead.
[FL Note]: Considering the first meeting for Rel-16, it seems beneficial to agree a principle for further designs like the following.

Proposal 5: Strive to improve flexibility and controllability of BM SRS beam determination and sweeping compared to Rel-15
· Details FFS, e.g., 
· Option 1: Introduction of additional signalling to control SRS beam sweep behaviour (e.g., repetition ON/OFF, local sweep related parameter, wide beam and narrow beam association)
· Option 2: Panel specific SRS beam sweeping/repetition, e.g., taking multi-panel capability into account
· Option 3: UE aided UL beam selection based on DL RS due to safety emission limits
· Option 4: Increasing supported max number of spatialRelationInfos
· Option 5: Enhancing that SRS can be a spatial source for any DL RS
· Option 6: UE indicates the preferred UL beam management procedure (U1/U2/U3) and/or number of SRS resources needed for UL BW, etc.

Companies’ inputs:

	Intel
	Agree in principle. But for option 1, repetition ON/OFF is supported in Rel-15 by configuring the same spatial relation info for different SRS resources.  

	LGE
	Agree in principle

	MediaTek
	Agree in principle. In particular, we support Option 1 and Option 3.

	InterDigital
	Agree in principle

	Nokia
	Support Options 3, 4, 5. Bullets should be own proposals. 

	Ericsson
	Support Options 4, 5. 

	CATT
	Support Options 1, 2, 4.

	vivo
	Support Option 1.

	Samsung
	Agree with the principle of proposal 5

	Fraunhofer IIS/HHI
	Agree in principle. Further discussion on enhanced signaling is also needed when beam-reciprocity is partially absent. Example use cases for FR2 and FR1 implementations are described in our tdoc [17].

	Apple
	Support in principle Option 3 and added option 6: UE indicate the preferred UL beam management procedure (U1/U2./U3) and/or number of SRS resources needed for UL BW, etc. 

	Huawei/HiSilicon
	In our understanding, only Option 2 fits into the current scope of panel-based UL beam selection. For other options, we suggest discussing them under latency/overhead objective and not to list them for study unless clear gain on latency/overhead is expected. 

	ZTE
	Support Option 1, 2, 4, 5For our perspective, repetition ON/OFF has been supported in Rel-15 as mentioned by Intel. But we can study local sweep related parameter and wide beam and narrow beam association, e.g., support of less stronger relation than the current spatial relation, and association of SRS resource sets with different beam-width. 

	Qualcomm
	Support Option 3 and Option 1 except repetition which is in R15. 

	
	

	
	

	
	

	
	


4. Overhead and latency reduction for DL BM
Based on reviewing the submitted Tdocs shown in Section 5, the following issues and proposals are summarized for efficient offline/online discussions in RAN1#94bis meeting, 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#6: Additional mechanism(s) to reduce overhead and latency for DL BM, suggested by [2], [9], [10], [12], [18], [19], [20], [22], [23], [24]
[FL Note]: Since majority of companies showed the necessity and benefits to enhance Rel-15 DL BM but the detailed solutions are quite diverging at this moment, it seems constructive to agree the following high-level principle to be effective on exploiting more details and comparisons of solutions in next RAN1 meetings.

Proposal 6: Study further following options to reduce overhead and latency for DL BM to enhance Rel-15 DL BM, and details are to be discussed in next RAN1 meetings.
· Option 1: Support DL beam measurement granularity of less than 1 symbol, e.g., by IFDMA based signal structure for CSI-RS for BM
· Option 2: Introduce a simplified mechanism to configure several QCL sources for a common RS, e.g., several QCL sources are associated with the RS in the same port or resource
· Option 3: a UE triggered/assisted BM procedure, e.g., request via a reserved UL resource 
· Option 4: Simultaneous measurement of multiple CSI-RS resources with multi-panel capability
· Option 5: BM reporting during IA procedure or just after RRC connection completion

· Option 6: Event based beam reporting on PUCCH/PUSCH

· Option 7: the use of SRS for aiding DL beam indication by including SRS resource ID in TCI state definition
· Option 8: Flexible reconfiguration of resources for new beam identification for intra-cell movements 

· Option 9: Relaxing scheduling restriction on symbols carrying SSB for L1-RSRP computation

· Option 10: Aperiodic beam measurement/reporting based on multiple resource sets.

· Other options are not precluded.
Companies’ inputs:

	Intel
	Agree and support Option 1 and Option 3

	Ericsson
	Agree and support Option 2

	Apple
	Agree and support Option 3 and Option 6

	AT&T
	Agree and support Option 3

	InterDigital
	Agree and support Option 4

	LGE
	Agree and support Option 4

	DOCOMO
	Agree in principle. Other options are not precluded.

	Xiaomi
	Agree and support Option 3 & Option 5

	Nokia
	Agree and support Option 2 and Option 7 (Note. Option 7 is also discussed under Proposal 5 (Option 5)).

	vivo
	Support Option 1, 3 and 6 (newly added).

	Samsung
	Agree with the principle of proposal 6, support option 7  

	MediaTek
	Support Option 3 and Option 6. But for option 4, this can be achieved by NW configuration by properly considering UE capability.

	Huawei, HiSilicon
	We added our proposals in Option-8/9.

In future discussions, we suggest comparing proposals with evaluations results (using Rel-15 as baseline).

	ZTE
	Support Option 2(some new clarification on common RS), 4 and 10

	Qualcomm
	Agree and support Option 3, Option 5, and Option 6

	
	

	
	

	
	

	
	


Issue#7: Beam diversity for multi-slot PDSCH, suggested by [24], [2], [21]
In Tdoc [24], it is explained based on Rel-15 that UE could be configured with multi-slot PDSCH transmission mode for enhancing reliability. The same transport block (TB) with rank 1 is repeated using different redundancy version in each consecutive aggregationFactorDL slots. Robustness and reliability (URLLC) for the multi-slot PDSCH could be improved by introducing e.g. a beam diversity where different beamformer is applied for the PDSCHs in multi-slot transmission.
[FL Note]: It seems that there are some overlaps for this topic between multi-TRP and multi-beam AIs. From specification point of view, it might have similar/same impact on a UE receiving a multi-slot PDSCH from different TRPs or from different beams of a TRP so that it will be more efficient to handle this issue in multi-TRP AI.
Proposal 7: Beam diversity issues for multi-slot PDSCH are to be considered from both multi-TRP and multi-beam from a single TRP perspectives and strive for unified solution(s) applicable to multiple scenarios and use cases. 

· Note: this issues are to be handled in multi-TRP AI including URLLC aspects.
Companies’ inputs:

	Nokia
	Agree in principle

	LGE
	Agree in principle

	Qualcomm
	Agree in principle

	Ericsson
	Belongs in multi-TRP

	Docomo
	Agree in principle

	OPPO
	Performance needs to be justified, e.g., whether the latency of multi-slot PDSCH can meet URLLR requirements

	Samsung
	Should be addressed in MTRP, not MB1 (echoing Ericsson) 

	MediaTek
	We think the focus should be on the need from the perspective of multi-beam from a single TRP, and check its performance benefit.

	Apple
	As explained by feature lead, we feel this also applies to the case of non-multi TRP due to the slot aggregation feature in Rel-15. We agree in principle and can see potential performance benefit, as first meeting, we can agree on the goal but leave the detailed design for future discussion.

	Huawei/HiSilicon
	To be handled under multi-TRP agenda.

	ZTE
	Agree, but the mechanism of indicating multi-beam pattern for one multi-slot PDSCH can be discussed in Multi-TRP session 

	Lenovo/Motorola Mobility
	To be handled under multi-TRP agenda.

	Qualcomm
	Agree in principle. 

	Panasonic
	Agree

	
	

	
	

	
	


Issue#8: Enhancements on group-based beam reporting, suggested by [1], [6], 
[FL Note]: Considering the first meeting for Rel-16, it seems beneficial to capture study points for further designs on group-based beam reporting.

Proposal 8: Study further Rel-16 group-based beam reporting to be enhanced in terms of overhead and latency reduction, as well as enhanced support for beam indication and reporting for multi-panel UE, compared to Rel-15, e.g., by

· Alt.1: Support more Tx beams and/or more groups to be reported
· Alt.2: The use of multiple (CSI-RS/SSB/potentially SRS) resource sets for beam groups

· Alt.3: Beam selection/grouping rule such as high/low spatial correlation
· Other options are not precluded.
Companies’ inputs:

	ZTE
	Agree and support Alt.1

	Lenovo
	Agree in principle

	Nokia
	Support

	Ericsson
	Performance benefits need to be established.

	CATT
	Same view as Ericsson

	Docomo
	Same view as Ericsson.

	OPPO
	Agree in principle

	Intel
	We think more Tx beams is OK, but more groups would be challenging for UE implementation. We suggest to change the main bullet into “Study further Rel-16 group-based beam reporting to be enhanced in terms of panel-specific beam selection”.

	Samsung
	Agree with the principle of proposal 8 

	MediaTek
	Same view as Ericsson. We can first make Rel-15 group-based reporting operational, before increasing the number of TX beams.

	Apple
	We think this is related to issue 1 and 2 which can be jointly discussed.

	Huawei/HiSilicon
	We added Alt.3 for study. Having explicit rule to guide UE to perform beam selection can help reducing overhead and latency from misaligned interpretation and implementation at gNB and UE side. 

In future discussions, we suggest comparing proposals with evaluations results (using Rel-15 as baseline).

	Qualcomm
	Agree in principle.

	
	

	
	

	
	

	
	

	
	


5. Proposals in Tdoc

[1] R1-1810221
Enhancements on Multi-beam Operation
ZTE
Proposal 1:  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 multi-panel/TRP in Rel-16 NR-MIMO.

· Study pros and cons of Alt1 and Alt2 in multi-panel and multi-TRP case, and subsequently making down-selection or merging accordingly.  
· Study to enhance group based beam reporting considering criteria related to spatial multiplexing. 
Proposal 2:  Aperiodic beam measurement/reporting based on multiple resource sets should be considered for Rel-16 enhancement.  
Proposal 3:  For DL beam indication for multi-beam operation, the Rel-15 agreed framework of supporting one TCI states associating with one or more RS sets should be considered as working assumption for a starting point. 

· Study how to associate one DCI-indicated TCI state with one or multiple RS sets, e.g., through RRC or MAC-CE;

· Study how to save TRS overhead considering the flexibility of beam indication and demodulation performance of PDSCH.
· Study lower latency beam indication and its performance gain
Proposal 4: Support multiple panel/beam transmission for codebook based PUSCH transmission.
Proposal 5:  In order to improve power efficiency for multi-beam/panel operation, it should be considered to support activating or deactivating UE antenna group(s). 

· Study antenna group activation or deactivation mechanism
· Study antenna-group-specific beam measurement/indication 

Proposal 6:  In multi-beam operation, DL/UL simultaneous transmission with different spatial QCL parameters or spatial relation through associating respective antenna groups should be considered. 

· Study mechanism or collision rules of simultaneous transmission, according to UE capability,

· Study method of associating cell group or transmission resources, e.g., MCG/SCG, with antenna group(s).
[2] R1-1810303
Discussion on multi-beam based operations and enhancements
LG Electronics
For multi-beam based UL transmission,
Proposal 1: For UE multi-panel modeling, consider heterogeneous antenna array configuration per panel, in addition to existing bi-directional two panel and cube-type four panel antenna modeling.

Proposal 2: The following scenarios of the multi-panel operation at the UE side should be considered to specify multi-beam based UL transmission and evaluate performance.

-
Panel selection based transmission

-
Synchronous transmission over multiple panels

-
Asynchronous transmission over multiple panels

Proposal 3: Further details based on previous agreements on multiple SRI indication in UL grant for CB-UL should be properly supported in Rel-16 taking into account practical aspects including DCI field size limitation and UE capability on UL coherent transmission.

Proposal 4: Potential enhancements for NCB-UL in terms of supporting multi-beam operations need to be considered, including an extension to configure multiple SRS resource sets with relation to UL scheduling grant, considerations on UL Tx panel switching cases, and related UE capability reporting issues.

Proposal 5: Continue discussion on Rel-15 leftover issues on UL beam sweeping mechanism to efficiently support not only UL beam management, but also DL beam management based on exploiting gNB beam correspondence if applicable.

Proposal 6: Mechanisms for improving robustness of PUCCH beam management need to be considered, including PUCCH beam sweeping and multi-beam PUCCH transmissions especially when multiple CORESETs are configured and active.

For overhead and latency reduction for DL BM,
Proposal 7: In Rel-16, conditions for multiplexing of different RSs/channels are same as Rel-15 for UEs with X=1. For UEs with X>1, by default, multiplexing of different RSs/channels are allowed, and any necessary restrictions should be further investigated.

· X is a UE capability referring to the maximum number of different TCIs or spatial QCL references that a UE can manage in an OFDM symbol.

Proposal 8: From latency reduction perspective, beam-level reliability enhancement for a PDSCH transmission can be considered. 

[3] R1-1810403
Discussion on enhancements on Multi-beam operation

vivo
Proposal 1: For DL and UL beam management latency and overhead reduction, different techniques are evaluated and compared in the following three categories separately:

· Beam measurement 
· Beam report (for DL BM)

· Beam indication

Proposal 2: At least for DL beam management latency and overhead reduction, system level simulation should be conducted to justify the gains of each specified technique over Rel-15 NR baseline.

Proposal 3: UL multi-panel transmission discussion in Rel-16 should at least include the following issues:

· Multi-panel transmission of SRS with per panel beam selection

· Multi-panel transmission of PUSCH with per panel beam selection

· Multi-panel transmission of PUCCH with per panel beam selection

· Simultaneous transmission of multiple UL channels/RS. 

· Power control of multi-panel transmission

Observation: For PUSCH and PUCCH transmission, multi-panel transmission with per panel beam selection would be facilitated if multi-panel transmission of SRS resource with per panel beam selection is supported.

Proposal 4: Multi-panel transmission of SRS resource with per panel beam selection should be firstly discussed to facilitate discussion of other issues. 

[4] R1-1810435
Enhancements on Multi-beam Operation
MediaTek Inc.
Proposal 1: to extend QCL indication to include multiple RS sets, study and down-select from the following alternatives: 1) extend TCI state configuration to accommodate multiple RS sets, 2) combine multiple TCI states and map them to a single DCI code point, 3) extend corresponding DCI bit field to include multiple TCI states.
Proposal 2: to support multi-panel UL MIMO transmission, consider to increase either the number of SRS resource sets or the number of SRS resources in a “codeBook" SRS resource set.
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.
[5] R1-1810556
Consideration on multi-beam operation enhancements
CATT
UL beam management flexibility

Proposal: 

· A UE is configured with M>=1 aperiodic SRS resource sets, or 1 periodic SRS resource set for CSI acquisition.

· Different resource sets have the same time-domain property (e.g. aperiodic, or periodic)

· Each SRS resource set consists of up to N = 2 SRS resources (same as Rel.15). 

· “SpatialRelationInfo” for each SRS in the SRS resource sets is RRC configured, or activated/deactivated by MAC-CE.

· 1-bit SRI in UL grant points to a SRS resource in the latest triggered SRS resource set, for PUSCH beam indication.

· At most one of the M SRS resource sets is triggered at a time (per CC).

· SRS resource triggering field is increased, e.g. 4-bit. 

· Each codepoint is RRC configured to be associated with a set of A-SRS resource sets (across/within a CC).

Per-Panel Beam Selection

Proposal: 

· Discuss the deployment scenarios, UL transmission scheme, and amount of flexibility needed for UL panel selection enhancements.  

[6] R1-1810572
Discussion of enhancement for multi-beam operation
Lenovo, Motorola Mobility
Proposal 1: The group based beam reporting should be enhanced in NR R16. 

Proposal 2: Multiple beam interference should be considered during beam selection and scheduling for multiple UEs with each UE serving by different beams simultaneously.

[7] R1-1810598
Discussion on beam failure recovery for SCell
Fujitsu
[8] R1-1810644
Considerations on Multi-beam Operation
Sony
Proposal 1: RAN1 should specify the beam management mechanism for short time duration BWP.

Proposal 4: For multi-beam operation in FR2, NR supports the multi-beam indication for PDSCH by extending the TCI index field in DCI. 

Proposal 5: It is proposed that companies study most efficient method for a UE to gain access to the polarization properties of the gNB beams. 

[9] R1-1810688
Multi-beam Operation Enhancements
AT&T
Proposal 1: Faster Tx/Rx beam alignment should be studied to reduce overhead and decrease latency in the beam management framework

Proposal 2: a UE triggered beam management procedure should be studied in NR for overhead reduction

[10] R1-1810791
On beam management enhancement

Intel Corporation
Proposal 1: to reduce downlink beam measurement overhead and latency, less than 1 symbol beam sweeping granularity should be supported.

Proposal 2: To reduce UE beam searching latency, signalling of the spatial correction information of SSB beams should be supported.

Proposal 3: Lower layer signalling based uplink beam indication for SRS should be supported to reduce uplink beam management latency.

Proposal 4: Introduce indication of the partial spatial relation info for SRS to support local Tx beam search for the UE and reduce overhead for uplink beam management.

Proposal 5: For UL panel specific beam selection, it should be supported that UE can report antenna port(s) group index for each downlink reference signal resource.

Proposal 6: It should be supported that gNB can indicate UE antenna port(s) group index in a spatial relation info where SSB/CSI-RS is configured.

Proposal 7: A metric indicating possible power offset for the Tx beam due to safety emission limits should be supported. Send LS to RAN4 asking whether such indication would be helpful to address safety emission limits. 

[11] R1-1810805
Discussion on Beam Failure Recovery
NEC
[12] R1-1810886
Enhancements on multi-beam operation
Samsung
· DL/UL beam indication with reduced latency/overhead:
1. Revisit Rel.15 features and assess possible reduction in reconfiguration signaling requirement for DL/UL beam indication (for data and control channels)  
· Streamline options/states (e.g. the number of CSI-RS resources, QCL associations) defined in RRC and/or use L1 control signaling instead
2. Introduce the use of SRS for aiding DL beam indication by including SRS resource ID in TCI state definition
· UL beam indication for multi-panel UE:
1. Introduce a mechanism to support multiple UL TX beam indication such as multiple SRI fields (or at least some extension of the existing SRI field)
[13] R1-1810938
Non-uniform quantization for differential L1-RSRP measurement
MTI
Proposal 1
Support to add the non-uniform quantization tables for L1-RSRP measurement and reporting in Rel-16, meanwhile to keep the uniform quantization tables of Rel-15 for coexistence.  

Proposal 2
Support the non-uniform quantization tables for L1-RSRP measurement and reporting, if the feature of using differential reporting for more than 2 RSRP values is supported in Rel-16.
[14] R1-1810971
Discussion on Multi-beam Operation Enhancement
Guangdong OPPO Mobile Telecom.
Proposal 1: Study the relevant scenario(s) and determine whether the activation command of MAC CE can be avoided in the identified scenario(s) for the dynamic beam indication of PDSCH.

Proposal 2: Study and determine whether or not NW can configure more than 2 SRS resources for codebook-based PUSCH.

Proposal 3: For UE with multiple Tx panels, study and specify the potential mechanisms for efficient power consumption

· E.g., signaling to support fast turn-off / turn-on of some panel(s)

Proposal 4: For UE with multiple Tx panels, study and specify the beam indication signaling for PUSCH transmitted from one or multiple panels.

Proposal 5: For UE with multiple Tx panels, study and determine whether or not there are some issues regarding timing advance based on solid evaluations.

[15] R1-1811002
Discussion on multi-beam operation

Spreadtrum Communications
[16] R1-1811049
Consideration on measurement and reporting of L1-RSRQ/L1-SINR
CMCC
[17] R1-1811086
Discussion on signaling of beam correspondence
Fraunhofer IIS, Fraunhofer HHI
Proposal 1: Reporting the UE capability with respect to the degrees of beam correspondence shall be studied.

Proposal 2: The signaling of beam correspondence information along with beam management feedback and the gNB behavior in response to partial beam correspondence signaling shall be studied.
[18] R1-1811125
Consideration of beam measurement and reporting enhancement
Apple Inc.
Proposal 1: NR to support UE event based aperiodic beam measurement reporting.

FFS: the detailed events and configurations

Proposal 2: NR to support UE report to assist gNB configuring beam manage procedure (P1/P2/P3/U1/U2/U3)

FFS: (1) Detailed channels/mechanism to send such report from UE and (2) detailed events and triggering conditions

Proposal 3: NR to support UE request for the number of resources for P3/U3 (P1/U1) beam management procedure

Proposal 4: NR to consider supporting of UE to request the preferred configuration of periodic and Aperiodic beam measurement/reporting

[19] R1-1811188
Enhancements on Multi-beam Operation
Ericsson
Proposal 1
Increase the maximum number of configured spatial relations for PUCCH to 64.

Proposal 2
Introduce the possibility to configure a list of spatial relations for SRS resources, which are subsequently activated or indicated before they are used.

Proposal 3
Support updating PUSCH spatial relation without RRC involvement.

Proposal 4
Reduce the signalling overhead by enabling simultaneous updating of many QCL associations and spatial relations. Furthermore, ensure that RRC signalling is not required to support intra-cell mobility.

Proposal 5
Introduce methods to update the QCL source of periodic CSI-RS without using RRC.

Proposal 6
Study ways to facilitate autonomous updates of the QCL associations in the UE.

Proposal 7
Study ways to configure several QCL sources for one RS.

Proposal 8
Do not introduce support of simultaneous transmission over multiple UE antenna panels.

[20] R1-1811223
Discussion on multi-beam operation enhancements 
InterDigital, Inc.
Proposal 1: Support UE assistant information to provide multi-panel capability related information for SRS configuration. 

Proposal 2: Study simultaneous measurement of multiple CSI-RS resources with multi-panel capability for low latency beam selection.

Proposal 3: Study simultaneous transmissions of multiple SRS resources with multi-panel capability for low latency beam selection.

[21] R1-1811278
Enhancements on Multi-beam Operation
Qualcomm Incorporated
Proposal 3: For enhanced reliability and robustness, support single DCI transmission over multiple TCI states.

Proposal 4: Study and specify PUCCH repetition/ selection across multiple beams for enhanced reliability and robustness
Proposal 5: Study and specify multi-TCI transmission for data channels.

Proposal 6: Enable beam report in Msg3 for improvement in latency and performance. 

Proposal 7: Study and specify L1 event trigger-based report for fast beam selection.
Proposal 8: For Rel-16, study UE aided UL beam selection.
Proposal 9: Mechanisms to reduce latency in beam selection for CDRX operation shall be studied and specified.

[22] R1-1811349
Discussion on multi-beam enhancement
NTT DOCOMO, INC.
DL beam selection

Proposal 2-1: 
· Low latency beam selection should be specified.
· Low signaling overhead beam selection should be specified.
UL beam selection

Proposal 3-1: 
· Simultaneous UL multi-analog beam transmission using multi-panel should be supported.
Proposal 3-2: 
· An indication of multiple SRIs corresponding to UE’s multi-analog beams should be supported.
Proposal 3-3: 
· Extending UL codebook should be considered to support efficient high rank transmission for UL multi-analog beam transmission.
Proposal 3-4: 
· Detailed mechanism to turn off/on the UE’s Tx panel(s) should be further studied.
[23] R1-1811393
Enhancements on beam management
Beijing Xiaomi Electronics
Proposal 1: UE can report the beam measurement results during initial access procedure or just after RRC connection completion to reduce latency.

Proposal 2: NR should further study the necessity of event-driven UE initiated beam reporting and specify the details of event(s).

Proposal 3: In order for multi-panel UL beam selection, panel information should be configured for each SRS resource or SRS resource set.
[24] R1-1811408
Enhancements on Multi-beam Operation
Nokia, Nokia Shanghai Bell
For Enhancements on beam selection to reduce latency and overhead:

Proposal 1: Support common spatial relation info configuration (RRC) and MAC activation command across all the PUCCH resource sets for PUCCH.
Proposal 2: Support max number of spatialRelationInfos to be 64 for uplink signals and channels for Rel16 UEs.
Proposal 3: Support determining spatial QCL source for e.g. CSI-RS for CSI acquisition, CSI for RLM, PUCCH and SRS for codebook/non-codebook from the activated TCI state of the certain CORESET when TCI state (downlink) or spatial relation info (uplink) is not explicitly configured for the resource.
Proposal 4: 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 5: Text proposal to 3GPP TS 38.331 in Annex. A, required changes marked with green color
For Panel-specific UL transmit beam selection:

Proposal 6: Consider mechanism(s) to have synchronized information between gNB and UE about UE’s panel usage both in downlink and uplink which can be utilized e.g. in downlink and uplink beam selection under gNB control.
Proposal 7: Support UE panel based L1-RSRP reporting for beam management.
Proposal 8: Consider enhancements on beam reporting on DL RSs to provide information about which DL RSs are feasible to determine good uplink beams from achievable EIRP point of view.
Proposal 9: Associate SRS resource set to a UE panel.
Proposal 10: Consider beam diversity for multi-slot PDSCH.
For Beam diversity multi-slot PDSCH:

Proposal 10: Consider beam diversity for multi-slot PDSCH.
[25] R1-1811470
Enhancement on multi-beam operation
Huawei, HiSilicon
Proposal 4: For both UL beam management and UL transmission, the selected panel(s) for SRS transmission should be indicated to UE.
Proposal 5: Extend the power/timing control mechanisms in Rel-15 to facilitate multi-panel UL transmission in Rel-16.
Proposal 7: Support configuring up to 64 candidate beams by RRC signalling and then MAC-CE message to choose a subset as active resources for new beam identification in Rel-16.

Proposal 8: Scheduling restriction on OFDM symbols carrying SSBs for L1-RSRP computation applies only when the associated ReportQuantity is configured as “no report” in Rel-16.

[26] R1-1811472
Discussion on enhancements on multi-beam operation
ASUSTEK COMPUTER (SHANGHAI)
[27] R1-1811526
On fast SRS precoder updation
CEWiT

Proposal 1: Both FR1 and FR2 should target same latency in UL/DL beam selection.

Proposal 2: For non-codebook based UL transmission, the delay between the updation of SRS precoder and reception of associated CSI-RS should be configurable.
[28] R1-1810105
Beam management enhancements for latency and overhead reduction
Huawei, HiSilicon
Proposal 1: Support configuring up to 64 candidate beams by RRC signalling and then MAC-CE message to choose a smaller number of them as active resources for new beam identification in Rel-16.

Proposal 2: Scheduling restriction on OFDM symbols carrying SSBs for L1-RSRP computation applies only when the associated ReportQuantity is configured as “no report” in Rel-16.

Proposal 3: Study beam selection rules with more explicit reflection of the purpose of beam training to reduce latency/overhead of BM in Rel-16. 

[29] R1-1810107
Panel-based UL beam selection
Huawei, HiSilicon
Proposal 1: For both UL beam management and UL transmission, the selected panel(s) for SRS transmission should be indicated to UE.

Proposal 2: Consider to extend the number of SRS resource or SRS resource set for codebook and non-codebook based UL transmission if UE has multiple panels.

Proposal 3: PUSCH transmission on multiple panels should be supported in Rel-16.
Proposal 4: Consider to extend power/timing control signalling to enable multi-panel based UL transmission.
Proposal 5: The knowledge of UL panel on/off/switch should be fully aligned between gNB and UE with implicit or explicit mechanism in Rel-16.

Proposal 6: Consider how to support panel-specific UL sounding resource and procedure in Rel-16 in order to facilitate panel-specific beam selection/transmission, starting from SRS resource set defined in Rel-15.
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