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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

Based on reviewing the submitted Tdocs for this meeting, the 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.

Multi-panel transmission for PUSCH

In previous RAN1 meetings, two controversial views on the panel-specific beam selection for PUSCH have been identified. One is to support only a single panel selection for PUSCH in Rel-16. Another is to support PUSCH transmission from one or multiple panel(s) at least for obtaining higher reliability. Since the decision between the two is critical for the progress of this agenda, FL’s suggestion is to decide on one of the two alternatives within this meeting as early as possible. 

Summary of Tdocs on this issue: Evaluation results from 5 companies including LLS, SLS, and some intermediate performance metrics submitted in this meeting:
· Results showing the performance gain of simultaneous transmission across multiple panels (STxMP)
· ZTE[2]:
· For LLS, in terms of average spectral efficiency,
· for 1-TRP Rx case, average 11.87% performance gain of STxMP over 1-best panel selection Tx, and 
· for 2-TRP Rx case, average 19.99% performance gain of STxMP over 1-best panel selection Tx are achieved.
· LGE[14]: 
· For LLS, positive throughput gains are observed all over the considered SNR points, and especially for low SNR region, above 70% throughput gains are observed.
· For LLS, approximately 2.8 dB SNR gains are commonly observed at 0.1 BLER point among some selected different MCS values, which shows clear benefits and importance of supporting STxMP at least for reliability/robustness, e.g., for URLLC traffic.
· For SLS, significant cell edge throughput gain (119.7%) of 2-panel STxMP over the best 1-panel selection based UL transmission (as baseline) is observed.
· NTT DOCOMO[25]:
· By showing an intermediate metric of RSRP difference from two UE panels, obtained from initial SLS, it is observed for 3-sector/cell evaluation that approximately 
· 60% UEs show the metric is smaller than 5dB, and 
· 85% UEs show the metric is smaller than 10dB.
· Also, suggest to focus on low CDF range for practical importance of reliability for STxMP, emphasizing that 5% of users show less than 0.5dB RSRP differences.
· Results showing marginal or negative performance gain of STxMP
· Huawei/HiSilicon[1]:
· By showing an intermediate metric of RSRP difference from two UE panels, obtained from initial SLS, it is observed for 3-sector/cell evaluation that approximately 
· 3070% UEs show the metric cross-UE-panel RSRP difference is smaller larger than 5dB, and 
· 6040% UEs show the metric cross-UE-panel RSRP difference is smaller larger than 10dB.
· Ericsson[30]:
· [bookmark: _Toc534787586]For SLS with 2-TRP Rx case, comparing dual-panel transmission with best-panel transmission, the pathgain to the serving cell(s) is better if only the best panel is used.
· For SLS with 2-TRP Rx case, at low/medium load, the best performance is achieved when only the best panel is used.
Observations:
· In terms of RSRP differences, DOCOMO[25] and Huawei/HiSilicon[1] show different results over the comparable simulation setups. 
· Although reported result percentages are quite different as above, when we focus on low SNR UEs (as recommended by DOCOMO) it is obvious that the second-best panel can be utilized for enhancing robustness, e.g., for URLLC traffic.
· Note added by Huawei/HiSilicon: In our understanding, the reason for having different observations is that in DOCOMO’s simulations, a UE can connect to more than one TRP at the same time, while we did not make such assumption. In our view, the RSRP difference provided in our contribution shows that in most cases, simultaneous transmission from two UL panels is not suitable due to large difference on received RSRP(s).
· In terms of LLS and/or SLS results, 
· LGE[14] showed performance benefits of STxMP for both LLS and SLS, focusing on 1-TRP Rx case.
· ZTE[2] showed performance benefits of STxMP for LLS, presenting both 1-TRP Rx and 2-TRP Rx cases.
· Ericsson[30] showed negative gain of STxMP for SLS, focusing on 2-TRP Rx case.

Based on the above discussions, the following with some clarifications is proposed.
Proposal: Decide one of the following alternatives.
· Alt1: Support PUSCH transmission from one best panel and STxMP
· Support of STxMP is a UE capability
· Note: STxMP stands for simultaneous transmission across multiple panels.
· Alt2: Support PUSCH transmission from one best panel only
· FFS on whether any enhancements are needed compared to Rel-15

Based on Tdoc review and companies’ preferences below, it is shown that “super-majority” companies support Alt1, mainly because Alt1 is a super set of Alt2 (higher flexibility at gNB scheduling, i.e., gNB can always use Alt2 if gNB wants), provides higher reliability at some UEs (e.g. for URLLC/V2X/IAB cases), and also provides improved throughput at some UEs (e.g. for cell-edge UEs selectively utilizable at gNB scheduling). Therefore, FL’s suggestion is to agree on Alt1.
· Alt1 (26 companies): Support PUSCH transmission from one best panel and STxMP
· ZTE[2], Lenovo, Motorola Mobility[10], AT&T[12], LGE[14], Mitsubishi[15], Nokia, Nokia Shanghai Bell[18], Spreadtrum[19], InterDigital[21], MTI[22], Xiaomi[23], Qualcomm[24], NTT DOCOMO[25], Samsung[27], CMCC[11], Fujitsu, NEC(for URLLC), APT, Panasonic, Sony, KDDI, Fraunhofer IIS, Fraunhofer HHI, ASUS, Deutsch Telekom
· 
· Alt2 (6 companies): Support PUSCH transmission from one best panel only
· Huawei/HiSilicon[1], Ericsson[30], CATT, Intel, OPPO

Companies’ inputs/comments (if any):
	Ericsson
	As the provided results are diverging, and only a few companies are providing results, we believe it is too early to agree on this issue now.

	Fujitsu
	Support Alt-1.

	Huawei/HiSilicon
	In our understanding, simultaneous multi-UE-panel PUSCH transmission is out of the current scope. To be specific, the last part of current objective ‘that facilitates panel-specific beam selection’ has restricted RAN1 work to specify UL beam selection that facilitates panel-specific beam selection. It is clear that simultaneous multi-UE-panel PUSCH transmission itself does not facilitate panel-specific beam selection. 

During offline discussions, some companies mentioned that in their understanding, simultaneous multi-UE-panel transmission was in the scope of discussion when the WID was approved and this didn’t mean it was agreed as a scheme to be specified. Based on this understanding, it is clear simultaneous multi-UE-panel transmission has not been agreed as a scheme to be specified and hence precluded by current specifying objective. 

Furthermore, supporting simultaneous multi-UE-panel PUSCH transmission will increase UE power consumption and implementation complexity, which is already quite large in FR2. For hand-held devices, with multiple UE panels placed at different sides on one device, it is very likely that some of the UE panels will be facing human body. It is dangerous to rush to simultaneous multi-UE-panel PUSCH transmission, with which the risk of violating MPE requirement will be increased. In addition, there are also other UE implementation restrictions such as accuracy of inter-panel calibration and feasibility of cross-panel power sharing to be better understood, which requires RAN4 involvement. 

Summary: Simultaneous multi-UE-panel transmission is out of scope and RAN1 should focus on UE panel selection and mechanisms that facilitates panel-specific beam selection.

	NEC
	Support Alt.1 in principle. But we believe it is better to limit STxMP to URLLC only.

	Spreadtrum
	Support Alt.1 

	Intel
	Share the same view with Ericsson. There is no power control enhancement in WID, where only beam selection for a UE panel is included, so the evaluation should be based on Rel-15 power control scheme. 

	ZTE
	Support Alt.1

From our evaluation results, it can be observed that:
-  Performance of STxMP significantly outperforms UE panel selection, i.e., best panel only case, regardless of single or multi-TRP cases.
-    Multi-panel simultaneous transmission can be increasingly enhanced by introducing more TRPs for UL transmission.
Even based on Huawei’s results, i.e., single TRP case, we wonder why we should ignore some potential multiplexing or diversity gains from about 30% UEs, who experience less than 5 dB RSRP difference on the two UE panels. Through flexibly switching transmission scheme between best panel only and STxMP, the gain can be substantial to these UEs. 

It is more desirable to fully consider the compatibility of using best panel only and STxMP, e.g., how to design the identifier of indicating UE panel, and how to achieve spatial relation and QCL association between DL RS and UL RS for all panels or only portion of indicated panel. Consequently, from our perspective, the best way-forward solution is to confirm STxMP firstly and then study one unified design of supporting both best panel only and STxMP.

	APT
	Support Alt 1. Alt 2 could be the special case of Alt 1   so we do not see strong reasons to restrict it

	CATT
	Alt-2. 

Regarding alt-1, it is unclear if “support” means implementation-based solution with Rel.15 mechanism, or if standard-non-transparent enhancement for STxMP in Rel.16. Our understanding is that STxMP is already supported in Rel.15 in a spec transparent manner, e.g. the virtual panel on which SRS is mapped to may consist of one or multiple physical panels. If non-transparent enhancement is to be introduced in Rel.16, a clear understanding on the benefit and use cases is needed, e.g. if each UL panel is transmitting to a different gNB Rx panel. 


	CMCC
	Support Alt 1.
STxMP transmission is beneficial for multi-TRP scenario, where different panel can be connected to different TRPs, especially for cell edge UEs.

	Panasonic
	Support Alt. 1, useful for URLLC and cell edge UEs

	Lenovo, Motorola Mobility
	Support Alt 1. 
STxMP transmission can enhance the reliability as well as user throughput. 

	OPPO
	We share the same view as Ericsson. Limited simulation results are shown. Moreover, some assumptions on panel position at UE side in the simulations are not practical for real UE design, e.g., the back-to-back panels. Thus, some simulation results supporting SMxTP do not reflect the real performance.

	Samsung
	In general, we are supportive of Alt1. At the same time, we are sympathetic to companies who would like to see more evaluation results before committing in specifying features for STxMP. At the very least, it will help us understand relevant use cases or scenarios for STxMP – and the corresponding features.

	Sony
	Support Alt.1. It still keeps the door open for the UE that is only able to transmit with single antenna panel, not to mention the performance gain provided by many companies. 

	Nokia
	Same view as Samsung. 

	Qualcomm
	Support Alt. 1. Support STxMP for PUSCH, especially for UE at cell edge with URLLC. Simultaneous PDSCH reception has been supported by mTRP. STxMP for PUSCH is more critical for URLLC due to lower UL Tx power   




Follow-up issue on the agreed ID (@RAN1#95) including panel-specific power control aspects

	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



In Tdoc [14], it is explained what can be supported based on Rel-15 and what cannot be supported in the current specifications, to have commonality of potential issues for enhancements:
· (1) On Rel-15 SRS-based UL BM, it seems natural that each UE panel corresponds to each configured “SRS resource set”, since multiple SRS resources (corresponding to different beams) are TDMed within a SRS resource set (corresponding to a panel), and different SRS resources in different sets (panels) can be transmitted simultaneously as in TS38.214.
· (2) On Rel-15 SRS power control, it would also be natural that each UE panel corresponds to each configured “SRS resource set”, since power control parameters such as PO, alpha, DL RS for PL are all configurable for each SRS resource set qs in TS38.213.
· (3) In RAN1#95 meeting, the following clarification table on FG 2-30 was agreed, which implies Rel-15 UE can report its capability as up to 4 SRS resource sets (which can correspond up to 4 panels) per supported time domain behavior, which can be transmitted simultaneously.
	Agreements@RAN1#95:
· Add the following clarification to FG 2-30 that limit the number of SRS resource sets per supported time domain behaviour.
	Maximum number of SRS resource sets across all time domain behaviour (periodic/semi-persistent/aperiodic) reported in 2-30
	Additional constraint on the maximum number of SRS resource sets per supported time domain behaviour (periodic/semi-persistent/aperiodic)

	1
	1

	2
	1

	3
	1

	4
	2

	5
	2

	6
	2

	7
	4

	8
	4





For codebook-based UL in Rel-15, however, a single beam selection for PUSCH from up to two UE panels (via 1-bit SRI in DCI) is supported well for UEs having common PA across panels, but is NOT properly supported for Ues having independent PA per panel (which has more practical importance) due to Rel-15 SRS PC parameter setting only applicable per SRS resource set level. Similar observations are present for non-codebook-based UL as well in Rel-15. Based also on similar discussions/analysis from other Tdocs such as [10], [24], one of following enhancements needs to be made in Rel-16.

Proposal(Updated proposal shown below the table): For codebook based UL and non-codebook based UL, support one of the following alternatives to achieve panel-specific power control for panel-specific UL transmission:
· 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.
· Supported by CATT[7], Fraunhofer[8], Lenovo, Motorola Mobility[10], LGE[14], Qualcomm[24], ZTE(only for codebook), OPPO, Qualcomm
· 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.
· Supported by ZTE (only for non-codebook),
· Alt.3: 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) resource or a SRS resource set for both codebook based UL and non-codebook based UL, and support independent PC parameter setting for each panel-specific ID.
· Supported by Huawei/HiSilicon[1], Ericsson[30], ZTE, Samsung, Qualcomm
[Note] Any update on each company’s position above is appreciated. 

Companies’ inputs/comments (if any):
	Mitsubishi Electric
	In the texts Alt. 3 “panel-specific ID” may be too restrictive since it could mean that a fixed ID is assigned for the panel. One of the main motivations for Alt. 3 is not to expose the number of panels at UE. Instead of “a new panel-specific ID”, “a new ID for a panel” may be more suitable. With the text change, we can support Alt. 3.

	Ericsson
	In our understanding, the discussion in RAN1#95 was not limited to power control. Furthermore, as the PUSCH Tx power is controlled separately from the SRS Tx power, how would alt1 and alt2 provide a solution to the PUSCH power control?

	Fujitsu
	Support Alt.3

	Nokia
	Alt1 would be needed for a straightforward extension to support panel specific power control with each panel having own PA(s). Upon that an identifier, Alt3, is needed that is associated to one or multiple SRS resource sets that are associated to the same panel.

	Huawei/HiSilicon
	We suggest following the agreement in RAN1#95 to discuss how to indicate panel-specific transmission first (e.g., to reuse existing specification or introduce new ID), instead of combining the discussions with other aspects. 

Regarding the statement that “a single beam selection for PUSCH from up to two UE panels (via 1-bit SRI in DCI) is supported well for Ues having common PA across panels”, the related mechanism can also be interpreted as UL beam selection within one UE Tx panel, where a common PA is applicable.
Question: If these two configured SRS resources come from two Tx panels (e.g., from different SRS resource sets), can gNB be assured that UE will keep these panels active and ready to switch between them?

Question to Alt-1: Is the intention to say that one SRS resource set corresponds to one UE Tx panel? Should we make this clear in the proposal? When multiple (e.g., 2) periodic SRS resource sets and multiple (e.g., 2) aperiodic SRS resource sets are configured, how does gNB know which periodic SRS resource set and which aperiodic SRS resource set correspond to the same UE Tx panel, given that it is possible for UE to turn off some of its panels (RAN4)? Also, will these SRS resource sets be separated in time?
Comment to Alt-3: Our proposal is not restricted to associating one panel-specific ID to one SRS resource set. For example, one panel-specific ID can be indicated for one periodic SRS resource set and one aperiodic SRS resource set, with which NW/UE can use this ID to configure/inform the status of the corresponding panel. 

General Question: Why SRS for BM is left out from this proposal, while the main objective is for beam selection?

By the way, the suggested rewording from Mitsubishi is fine to us. 

	Spreadtrum
	Alt.3

	Intel
	We think to define an antenna port(s) group ID is better than SRS set ID to indicate a beam for a UE panel, which is clearer. To use a set to imply a UE panel would restrict some other possible configurations in gNB side, since there are some other parameters that are configured in a resource set.
The proposal could be re-formulated, e.g. 
“Support gNB to indicate an UE antenna port(s) group ID for a spatial relation info indication to facilitate beam selection for a UE panel.”

	ZTE
	How to define the panel specific identifier (ID) agreed in RAN1#95 should have a higher priority than the detailed solution, which is totally up to the definition of this ID. We also think that this ID is not only for power control, it is also for beam indication and beam correspondence i.e. association between UL and DL panel.

If we go with Alt1/2, we support Alt1 for codebook based transmission but Alt2 for non-codebook based transmission.  In Rel-15, we have some design for supporting STxMP through indicating up to 4 SRS resources from up to one SRS resource set, which can be transmitted simultaneously. The motivation of supporting multiple SRS sets for non-CB based UL is not clear to us. In other words, for our perspective, Alt-1 is only related to codebook based transmission.

Regardless of supporting which alternative, we need to support association between UL panel and DL panel, e.g., using resource set ID or antenna group ID. 

	CATT
	Alt-1, with SRS resource set ID.  

We prefer to keep the long-standing 3GPP principle of not specifying implementation-related factors, so “panel ID” should be avoided.  “SRS resource ID” is the preferred option. Also, we note that several objectives in the WID (e.g. overhead reduction vs. panel-specific beam selection) can be addressed with a common framework in alt-1. 


	OPPO
	Share the same view as CATT. In Rel-15, we design UL beam management based on the assumption that SRS resource set can be associated with a panel. That’s the reason why we support simultaneous transmission of different SRS resource sets during Rel-15 discussion.

	Samsung
	We propose to decouple (at least for decision making) the issue of panel ID and UL PC (per-panel). 
For panel ID, we propose to define an UL TCI which can be linked with reference RS resource or resource set (not limited to SRS, can also include CSI-RS and SSB). Therefore, Alt3 is reworded. 
Panel-specific UL PC is also fine.
[Also captured from a note:] In general, I think this topic should be split into two parts: 1) mechanism for panel ID, 2) how/whether panel-specific UL PC is done. Note 2 can be an implication of 1, but 1 should be settled first.

	Sony
	Support Alt.1 and apply SRS resource set ID to specifically control UE antenna panel. It seems like the most straight-forward way with least standard impact when compared with other Alternatives.

	CEWiT
	Support Alt 3. 

	Qualcomm
	Support Alt. 1 and Alt. 3. In addition, support panel-specific power control to handle different path loss between panels  



Observation: It seems that supporting # companies for Alt1 and Alt3 are similar. From power control perspective, Alt1 may be sufficient with minimum specification impact. On the other hand, if the usage of the ID is extended to other aspects, e.g. Tx panel indication for SRS/PUCCH/PUSCH, UL timing control per panel, DL beam reporting, Alt3 can be a more efficient way. Therefore, down-selection between the two is recommended after identifying other usages of the ID. 

Proposal: For codebook based UL and non-codebook based UL, down-select one of the following alternatives until RAN1#96bis to achieve at least panel-specific power control:
· 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.
· Note: the agreed ID for a panel corresponds to an SRS resource set
· Support(10 companies): CATT[7], Fraunhofer[8], Lenovo, Motorola Mobility[10], LGE[14], Qualcomm[24], ZTE(only for codebook), OPPO, Sony, Qualcomm
· Alt.3: Introduce a new ID for a panel which can be associated to a reference RS resource or resource set, and support at least independent PC parameter setting for each ID for a panel.
· The reference RS shall include SRS at least
· FFS on whether the reference RS can be a DL RS 
· FFS on the usage of the new ID other than UL power control, e.g.
· Tx panel indication for SRS/PUCCH/PUSCH
· UL timing control per Tx panel
· DL beam reporting to indicate the applied Rx panel (for beam correspondence UEs)
· Support(11 companies): Huawei/HiSilicon[1], Ericsson[30], ZTE, Samsung, Mitsubishi Electric, Fujitsu, Spreadtrum, Intel, CEWiT, Qualcomm


[Nokia] Next step in multi-panel UL transmission would be to consider how to support UE to let gNB know some panel information for each beam (DL and UL). However, this important topic is not captured here even though it’s considered by companies, for instance [11, 13, 16, 18]. Companies are raising need for beam reporting based on which gNB would know the panel ID which UE uses to receive a SSB/CSI-RS resource.
[Fraunhofer] Addressing Nokia’s comment with the addition of section 2.4
[FL note]: Although this topic is primarily captured in Section 4.2 (Enhancements on group-based beam reporting) considering similar DL beam reporting aspects (e.g., see Alt.2 of Section 4.2), it seems also fine to capture this issue in Section 2.4 (UE panel indication in DL beam/CSI report to facilitate panel-specific UL Tx) as suggested by Fraunhofer, with understanding this is not limited to “beam-group based reporting” only. 

UE panel activation/deactivation mechanism

According to the agreed ID (@RAN1#95) that can be used at least for indicating panel-specific UL transmission, one of observed use cases of using the ID is to be used for information exchange between gNB and UE regarding UE panel activation/deactivation mechanism, based on multiple Tdocs such as [1], [2], [3], [6], [21], [25], [29]. Since the details of the proposals can be categorized into two major different approaches and there exist other negative observations, the possible proposal to be down-selected in this meeting or until the next RAN1#96 meeting is suggested as follows.

 Proposal(Updated below): Down-select one of the following alternatives
· Alt.1: 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.
· Alt.2: Not support gNB indication on UE’s panel activation/deactivation, but support UE’s own decision on some of UE’s panel activation/deactivation with informing this to gNB.
· Alt.3: UE’s panel activation/deactivation is purely up to UE implementation.
Companies’ inputs/comments (if any):
	Mitsubishi Electric
	Support Alt. 1

	NTT DOCOMO
	Support Alt. 1

	Ericsson
	Support Alt.3. Note that power saving mechanisms should not be discussed in this WI: there is a separate WI for that.

	Fujitsu
	Support Alt-1. Enabling both gNB indication and UE’s own decision on UE panel activation/deactivation can maximize the benefit of UE side multi-panel operation.

	Nokia
	Support in principle Alt. 1 but it should be clarified better what is meant by UE’s own decision on some of UE’s panel activation/deactivation. 

	Huawei/HiSilicon
	Support Alt-1 for better interoperability. 
Do not support Alt-3. 

	NEC
	Support Alt.1, and do not Alt-3.

	Spreadtrum
	Support Alt.1

	Intel
	Support Alt 2. Since gNB does not know UE antenna structure and receiving status, it is not easy for gNB to indicate UE panel’s activation/de-activation. This issue should be handled by UE. But UE can provide some information to gNB to avoid potential misunderstanding. 

	ZTE
	Support Alt.1 in principle. UE can send request signals of panel activation or deactivation to gNB (based on some rules which should be studied), but gNB can have control on the action of UE panel activation or deactivation e.g., gNB response for this request.  

	APT
	Alt 1. We also wonder how does Alt 2 works if gNB is not allowed to signal UE of panel activaition/deactivation after gNB receiving UE feedback information.

	InterDigital
	Support Alt. 1. To some extent, we agree with Ericsson that this issue should be discussed in power saving AI.

	CATT
	Alt-3.  Similar views as E///.

	Panasonic
	Support Alt. 1

	Fraunhofer
	Support Alt. 2 or 3. The gNB may schedule transmissions from specific panel(s) based on a said identifier but activation/deactivation of the same shall be left to UE’s decision (FFS on reporting the same to the gNB).

	Lenovo, Motorola Mobility
	Support Alt 1. 

	OPPO
	Support Alt-3. 

	Samsung
	The need for supporting anything beyond Alt3 is unclear. At this point we support Alt3.

	Sony
	Assuming that we are allowed to present our view on UE panel activation/deactivation in this item, we agree with Intel and then are supportive to Alt.2. In addition, for Alt.1, we also observe that there could be confliction between gNB’s indication and UE’s own decision which RAN1 may need to further handle. 

	CEWiT
	Support Alt. 1 

	ASUS
	Support Alt. 1

	LGE
	Alt-3. Similar view as Ericsson, based on RAN1#95 agreements on UE power saving as follows:
Agreements:
The UE assistance information for the power saving schemes for further studies are as follows,

·  UE assistance information/feedback to assist network in configurations for UE adaptation
· UE preferred processing timeline parameters, e.g., K0, K1, K2 values
· UE preferred BWP information/configuration
· UE preferred antenna configuration, including MIMO layers, antenna panel awareness information
· UE assistance/feedback on the DRX configurations/parameters
· UE preferred BWP provided to assist network in BWP switching
· UE request on SCell/SCG activation/de-activation/configuration
· UE preferred PDCCH monitoring parameters/search space configuration/maximum number of blind decoding

Other UE assistance information for the power saving schemes is not precluded.


	Qualcomm
	Support Alt. 3. In addition, panel activation/deactivation should be discussed in power saving session.  


Observation: Based on inputs from several companies, it is found that related discussions/agreements are on-going in UE power saving agenda (as captured above), and panel activation/deactivation seems better fit to “UE power saving” rather than “panel-specific beam selection” from WID objective perspective.

Proposal: UE’s panel activation/deactivation is discussed in UE power saving agenda.
· Note: this does not preclude using explicit ID for indicating UE panel (if agreed to be specified) for panel activation/deactivation.


UE panel indication in DL beam/CSI report to facilitate panel-specific UL Tx
In Tdocs [8], [9], [11], [13], [18], the issue of indicating the panel/port-group receiving said DL beams to the gNB in the DL beam report is discussed. In the above subsections, the issue of UE panel-specific transmission was discussed from the UL perspective. The gNB may schedule UL transmissions from specific panels by distinguishing panels/port-groups with the help of an existing higher-layer parameter or by the introduction of a new identifier. Considering the problem from a DL perspective, the gNB may obtain the knowledge of which specific panels/port-groups at the UE are ‘good’ for transmission from the UE along with DL beam/CSI report. 
To facilitate UL panel-specific transmission, indicating the panels/port-groups receiving the reported DL beams would help the gNB in sounding the UL channel using only the SRS resources corresponding to the specific UE panels/port-groups that it decides to be ‘good’ from the DL beam report. Moreover, panel-specific information from the UE for various DL beams also helps in configuring SpatialRelationInfo for various SRS resources.

Proposal: To facilitate panel-specific UL transmission, the UE includes in a beam report instance, the identifier corresponding to the panels/port-groups receiving the DL beam(s) to be reported.
· Note: The identifier to be used for panels/port-groups and the format of the beam report with the identifier are FFS.

Companies’ inputs/comments (if any):
	Nokia
	We consider that UE panel aware beam reporting for panel specific uplink beam selection by including the (panel) identifier to the reported beam measurement result should be supported. 

	ZTE
	Support this proposal (Above wording is revised for making it clear).

From our perspective, this panel aware beam reporting is very useful for achieving panel-specific UL beam management (both beam-selection and STxMP approaches) through configuring the panel/antenna group-ID information in the report.  

	
	

	
	

	
	



Enhancements on UL transmit beam selection to reduce latency and overhead

Based on reviewing the submitted Tdocs for this meeting, the 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.

Spatial relation update for AP/P-SRS via MAC CE

In Tdocs [13], [14], [25], [30], it is suggested that MAC CE based beam indication for periodic and/or aperiodic SRS should be supported to reduce uplink beam management latency and overhead, where it is already supported for only semi-persistent SRS in Rel-15.
Recalling back the decision made on only SP-SRS for spatial relation updates via MAC CE, it had not been intentionally agreed only for SP type of SRS, but it was primarily because SP-SRS itself can be activated/deactivated by MAC CE such that spatial relation info also can be naturally updated with the MAC CE message.
At the late stage of Rel-15 specification completion phase, this issue had been raised to be applicable also for at least AP-SRS, since AP-SRS should be naturally more dynamic in beam indication than SP-SRS, but unfortunately spatial relation for AP-SRS is only configurable by RRC.
Now, in Rel-16 discussions for further enhancements on top of Rel-15, it seems reasonable to align this spatial relation updating at least for AP-SRS and also possibly for P-SRS as well.

Proposal(Updated below): For UL beam management latency and overhead reduction, agree either one of the following alternatives on top of Rel-15 specifications.
· Alt.1 (7 companies): Support MAC CE based spatial relation update for both aperiodic and periodic SRS in Rel-16.
· Supported by NTT DOCOMO[25], Lenovo, Motorola Mobility, Samsung, Intel, LGE, CEWiT
· Alt.2 (7 companies): Support MAC CE based spatial relation update for aperiodic SRS in Rel-16.
· Supported by Ericsson [30], ZTE, Intel, Samsung, LGE, Nokia, CEWiT
· Alt.3 (4 companies): Do not introduce MAC CE based spatial relation update for aperiodic and periodic SRS in Rel-16.
· Supported by Huawei/HiSilicon, NEC, InterDigital, Qualcomm
Observations:
· MAC CE based spatial relation update for semi-persistent SRS is already supported in Rel-15.
· For MAC CE based spatial relation update for aperiodic SRS,  Support: 11 vs. Not support: 5
· For MAC CE based spatial relation update for periodic SRS,   Support: 7 vs. Not support: 8

Updated proposal based on companies’ views/preferences is given as follows.
Proposal: For UL beam management latency and overhead reduction, support MAC CE based spatial relation update at least for aperiodic SRS in Rel-16.
· FFS whether to support MAC CE based spatial relation update also for periodic SRS

Companies’ inputs/comments (if any):
	Huawei/HiSilicon
	Given that SP-SRS is mandatory, we don’t see the need to support updating spatial relation for P-SRS by MAC-CE. 

	NEC
	Support Alt.3. 

	Intel
	Support Alt 1 and Alt 2, but slightly prefer Alt 1 to create a unified way for beam indication for SRS.

	ZTE
	Support Alt.2. It is weird that the latency of updating spatial relation of ap-SRS is larger than sp-SRS. To save overhead and align the latency of PUCCH and PUSCH beam indication, MAC-CE should be introduced at least for ap-SRS. 

	InterDigital
	Alt-3.

	Samsung
	MAC CE based spatial relation update should be supported at least for AP-SRS (Alt2). Alt1 is slightly preferred.

	LGE
	Support Alt.1 and Alt.2.

	Nokia
	Support in principle Alt.2.

	CEWiT
	Support Alt 1 and Alt 2

	Qualcomm
	Support Alt. 3. In R15, spatial relation of AP-SRS can be dynamically updated by SP/AP-CSI-RS or SP/AP-SRS. Also, no need MAC-CE based update for P-SRS, given it is already supported for SP-SRS



Increasing the max number of configured spatial relations for PUCCH

In Tdoc [14], [28], [30], it is suggested to increase the maximum number of configured candidate spatial relations for PUCCH by RRC over 8 (which is the current maximum configurable number in Rel-15), because this limited current maximum number of 8 may be insufficient considering to cover one cell such that it may require frequent RRC reconfigurations as UE moves across the cell. 
Therefore, increasing the max number of configurable spatial relations for PUCCH can be considered in Rel-16 to improve flexibility to control PUCCH spatial relation as well as reducing unnecessary control overhead and latency. 
Besides, the suggested maximum number from Tdocs was either 16 or 64, where the former was suggested to avoid unnecessarily increasing the maximum limit, in consideration that the intension of adopting maximum 8 spatial relations for PUCCH in Rel-15 was not to fully cover one cell region, but to configure reasonable candidate RSs appropriate for the UE considering complexity at the UE side on the number of beams to keep tracking. Note, in any case, MAC CE signaling will indicate one down-selected RS for an actual beam for the PUCCH. 

Proposal: For UL beam management latency and overhead reduction in controlling PUCCH spatial relation, agree either one of the following alternatives on top of Rel-15 specifications.
· Alt.1 (12 companies): Enhance the maximum RRC configurable number of spatial relations for PUCCH to be 64.
· Supported by Ericsson[30], KDDI[28], NTT DOCOMO, Huawei/HiSilicon, ZTE, CATT, Lenovo, Motorola Mobility, Samsung, Nokia, Qualcomm
· Alt.2 (4 companies): Enhance the maximum RRC configurable number of spatial relations for PUCCH to be 16.
· Supported by LGE[14], KDDI[28], NTT DOCOMO, [Intel],
· Alt.3 (2 companies): The maximum RRC configurable number of spatial relations for PUCCH is 8, which is the same as Rel-15.
· Supported by ,OPPO, [Intel],
Observation: Based on inputs from companies, it seems a clear majority on supporting Alt1.
Proposal: For UL beam management latency and overhead reduction in controlling PUCCH spatial relation, the maximum RRC configurable number of spatial relations for PUCCH is increased to be 64.

Companies’ inputs/comments (if any):
	Huawei/HiSilicon
	Support Alt-1. Note that the related UE capability in Rel-15 already supports a range of {4, 8, 16, 32, 64, 96}!!
A similar and interesting thing is, for Rel-15 beam failure recovery, the maximum number of configured RS for new beam identification (on one CC) is limited to 16 by 38.331, while in UE capability reporting, a value range of {1..128} (across all CCs) is supported and UE is mandated to report 32 for FR2. To allow NW to configure more than 16 RS for new beam identification on one CC, we propose increasing the maximum number of configured RS for new beam identification on one CC to 64 (UE can still report 32 during capability reporting). 

	Intel
	We understand the intention, but the total number of spatial relation info configured for both PUCCH and SRS should be restricted. Otherwise, UE may need to be ready to be configured with >1k spatial relation info.

	ZTE
	Support Alt.1. The same flexibility of DL and UL control channel should be supported. According to the similar channel information between DL and UL channels, e.g., in beam correspondence/reciprocity, it is very difficult for gNB to pre-determine a smaller pool for UL channel over DL one.

	Lenovo, Motorola Mobility
	To support up to 64 spatial relation info for PUCCH will make UL beam matching the DL beam spatial indication.  

	OPPO
	Support Alt.3.  Compared to gNB, less antennas are used at UE side due to the limited space. UL Tx beams will be less than DL Tx beams.  Thus is not need to support the same number of spatial relation information configuration for DL and UL.

	Nokia
	Support Alt.1. 

	Qualcomm
	Support Alt. 1



PUSCH beam indication by CRI/SSBRI in DCI

In Tdoc [3], [27], it is suggested to support a UL-DCI field for PUSCH beam indication by CRI/SSBRI, in addition to the Rel-15 supported mechanism by SRI field to indicate a SRS resource for both PUSCH beam indication and antenna virtualization, over which the indicated TPMI is applied to determine PUSCH precoder for codebook based UL.
Such Rel-15 mechanism by SRI field in DCI has a basic functionality of supporting proper UL link adaptation based on measuring such SRS transmission to make a UL scheduling decision including UL MCS determination at the gNB side. 
It is observed, however, the proposal for newly introducing an additional mechanism to directly indicate CRI/SSBRI in UL grant to schedule corresponding PUSCH has not been proved on how to pre-determine an appropriate UL MCS at gNB, since gNB needs to know at least uplink interference characteristic by measuring SRS for PUSCH scheduling, but it is unclear whether/how the proposal handle this and how much gains/benefits are expected with this, compared to Rel-15 baseline.
In that regards, it can be suggested that until next RAN1#96 meeting, interested companies are encouraged to elaborate the full details on the proposed mechanism with showing the benefits and pros/cons analysis to decide whether/how to support in Rel-16.

Proposal: NR to consider an additional PUSCH scheduling mechanism by indication of CRI/SSBRI in UL DCI for PUSCH beam indication.
· Candidate mechanism details are to be submitted until RAN1#96 including at least
· How to pre-determine an appropriate UL MCS at gNB with proper link adaption
· Expected benefits and pros/cons analysis compared to Rel-15 baseline
· Whether SRS resource/set configurations are needed for measuring UL interference at gNB and, if so, its inter-relationship with the indication by CRI/SSBRI
· Dimension of PUSCH ports and PUSCH DMRS ports, as well as port virtualization aspects
· Decision on whether/how to support the mechanism should be made until RAN1#96bis

Observation: Based on inputs from companies, it seems that views are quite diverging, and many companies point out that benefits of directly indicating CRI or SSBRI in UL-DCI is not clear. Given the situation, it would need more time for this issue.

[bookmark: _GoBack]Companies’ inputs/comments (if any):
	Ericsson
	Agree

	Huawei/HiSilicon
	Is the proposal to include CRI/SSBRI in UL grant directly or to introduce something like TCI in UL grant?
It is noted that in Rel-15 SRI in DCI cannot point to SRS resources for BM. So, a question is, should SRS resource for BM be included for the discussions as well?

	NEC
	We share the same view with Huawei. It can be many details (and also work load) behind this.

	Intel
	We cannot understand the benefit. Maybe some discussion is needed.

	ZTE
	Benefits of directly indicating CRI or SSBRI in UL-DCI is not clear, taking into account that we can use spatial relation info to achieve association between CSI-RS/SSB and SRS (and hence the corresponding PUSCH).

	InterDigital
	We don’t see any benefit from this as well

	CATT
	This requires further study. 


	Lenovo, Motorola Mobility
	The benefit is not clear, especially if the max number of UL spatial relationship is increased to 64. 

	OPPO
	Share the same view as ZTE

	Samsung
	Benefit is unclear. 

	Sony
	We agree with ZTE that currently the motivation behind introducing CRI/SSBRI for indication PUSCH Tx beam is not clear. So why not the proponent(s) first show the benefits to convince the group to study/specify it? 

	Nokia
	Further study is seen beneficial.

	Qualcomm
	No need additional CRI/SSBRI for PUSCH beam indication. In R15, if SRI in DCI 0_1 corresponds to SP/AP-SRS, its spatial relation can be dynamically updated to indicate a large number of beams associated with different DL RSs. 




MPE related issue and enhancements

In Tdoc [13], [17], [20], it is suggested to support a mechanism to cope with potential MPE (Maximum Permissible Exposure) issues. This had been discussed in the last RAN1#95 meeting, and after that, interested companies have been better understanding on how this is correlated to RAN4 issues and have submitted corresponding Tdocs [3], [6] to avoid potential overlap between different working groups if any. This seems a right way in consideration that RAN4 currently includes this topic in their official agenda item and has a consideration to potentially send an LS to other working groups if needed.

Proposal: To avoid overlap with on-going RAN4 work, MPE discussion in RAN1 will not be started before RAN1 receives RAN4’s corresponding LS to ask for RAN1 discussions.

Companies’ inputs/comments (if any):
	NTT DOCOMO
	Agree

	Ericsson
	We do not see any risk in overlapping with RAN4 work: RAN1 can introduce mechanisms to handle situations where some of the UE panels cannot utilize will their nominal max transmit power.

	Spreadtrum
	Agree

	Intel
	Share the same view with Ericsson. In Rel-15, we observed both RAN1 and RAN4 handled some overlapped issues, e.g. RRM. 
In Rel-15, RAN4 has concluded to use allowed maximum output power reduction and uplink duty cycle to handle MPE issue according to CR R4-1816751 and LS R4-1816756. But this could result in uplink link failure since the power back-off for FR2 could be so large. Therefore for uplink beam selection, such restriction should be taken into account in Rel-16, and we think it is better that UE can report information related MPR for each beam to gNB.
We think we can list possible beam reporting enhancement to facilitate beam selection for a panel, e.g. to define beam reporting for UL beam selection, beam reporting with MPR, beam reporting to provide UE panel info, and so on.

	ZTE
	We are open to this issue. 

From our perspective, transmission performance is determined by both MPE and parameters for a UL transmission, e.g., whether the required Tx power is beyond the Pcmax.

Consequently, we need to study whether current power control solutions, e.g., PHR reporting, and some further solutions from RAN4 in Rel-15, if any, can handle this issue or not before Rel-16 enhancement.  

	Fraunhofer
	Agree with Ericsson

	OPPO
	Support the proposal.  The solutions discussed in RAN1 were still under discussion in RAN4. Thus we don't need to repeat the same discussion at the same time. An additional risk is the potential conflicting solutions among RAN1 and RAN4. 

	Samsung
	Agree with the proposal from the FL. Starting the discussion in RAN1 at this point is too early, 

	Nokia
	Agree with Ericsson. 

	vivo
	Agree with the FL

	Qualcomm
	MPE can be studied in parallel in RAN1 with focus on beam selection based solutions, which are different from power backoff based solutions investigated in RAN4   




Enhancements on SRS Tx beam sweeping

In Tdoc [3], [13], it is suggested to support UL local beam sweeping mechanism for SRS to reduce UL beam refinement overhead and latency. Related to this enhancement issue, however, it seems needed to check whether a basic “full” Tx beem sweeping behavior in Rel-15 for UL beam management is clearly supported by gNB indication and configuration to UE. It became critical due to the recent RAN plenary decision on beam correspondence as follows.
In RAN#82 plenary meeting, a WF on beam correspondence was endorsed, where UE shall mandatorily report its capability on FG 2-20 (Beam correspondence) via either one of the following:
· UE that fulfills the beam correspondence requirement without the uplink beam sweeping shall set the bit to 1
· UE that fulfills the beam correspondence requirement with the uplink beam sweeping shall set the bit to 0, and for this case, FG 2-30 (Uplink beam management) shall be set to 1 as mandatory

For the latter case above, UL beam management based on properly beam-swept SRS transmissions shall be conducted and be able to controlled by gNB. In Rel-15, however, whether UE performs “full” Tx beam sweeping on SRS transmissions for BM is totally up to UE implementation, which unfortunately cannot guarantee to the network the above latter case of UEs to do proper SRS Tx beam sweeping in a way of gNB’s expectation and intension of corresponding SRS resource/set configurations for UL BM. Since related issues are still under discussion in Rel-15 maintenance AI, it may be desired to hold this enhancement topic in the scope of Rel-16, until those Rel-15 CR issues are resolved.

Observation: For further progress on this issue for SRS Tx beam sweeping enhancements in the scope of Rel-16, Rel-15 UL BM behavior should be first clarified in the following cases, which are allowed in Rel-15.
· Case1: When a SRS resource set for BM is configured, where none of SRS resources in the set has spatial relation info. ( can be used for “full” Tx beam sweeping? Can gNB be ensured for UE to do so?)
· Case2: When a SRS resource set for BM is configured, where some of SRS resources in the set has no spatial relation. ( can be used for what meaningful use case?, e.g., “local” sweeping already possible? Can gNB be ensured for UE to do so?)

Companies’ inputs/comments (if any):
	Ericsson
	Do not bring up Rel-15 again.

	Nokia
	Agree with Ericsson

	Huawei/HiSilicon
	If the number of configured SRS resource/set(s) are different from the number of beam/panel(s) at this UE, how to achieve the so-call ‘full’ sweeping?
Rel-15 specs mandate UE to use exactly the same beam for receiving SSB/CSI-RS or transmitting SRS to transmit corresponding SRS. It is of interests to relax such restriction to allow UE to transmit (NW to measure) UL beams that is spatially adjacent to previous UL beam or on a given UE Tx panel. 

	NEC
	Share the same view with Ericsson. 

	Spreadtrum
	Agree with Ericsson

	ZTE
	It is clear for Case1 in Rel-15 but Case2 can be considered as an error case. The only thing missing in Rel-15 is to support local beam sweeping, and we need to study the candidate mechanisms of supporting wide beam and narrow beam association solution for Rel-16 directly, i.e. how to support association between resource(s) in the resource set in Case1 and other multiple SRS sets for local beam sweeping.

	InterDigital
	Agree with ZTE

	OPPO
	Agree with Ericsson

	Samsung
	We do not think this issue is urgent (to be discussed)

	Qualcomm
	We think both cases should not be discussed again in R15 due to lack of gNB control. We support gNB guided SRS Tx beam sweeping in R16. 




Enhancements on DL transmit beam selection to reduce latency and overhead

Based on reviewing the submitted Tdocs for this meeting, the 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.

UE Rx beam sweeping latency reduction 

	Agreement: 
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.



In Tdoc [13], [14], [27], [30], it is suggested to consider as a compromise a small improvement of the Rel-15 specification to add a RRC parameter to let UE know whether there are other signals multiplexed in the same symbol with CSI-RS for BM which has already IFDMA structure by Rel-15 specifications.
Recalling back the intensive discussions on “sub-time unit” for BM RS, it was the time in the middle of on-going CSI-RS design discussions actively happening, so that such proposal to introduce “sub-time unit” may have significant impacts to the entire Rel-15 CSI-RS design, e.g., separately specifying CSI-RS for CSI acquisition (as in the current Rel-15) from CSI-RS for BM with different structure.
Now, Rel-15 CSI-RS for BM is specified with the same/unified CSI-RS structure, except CSI-RS for BM can only be configured with 1 port or 2 ports, and especially for 1-port CSI-RS resource for BM a density parameter can be configured among candidate values of {0.5, 1, 3} which already has a comb-structure in the frequency-domain. Hence, the repeated time domain waveform can be utilized for UE Rx beam sweeping latency reduction under 1 symbol duration, only when gNB lets UE know simply whether there are other signals multiplexed in the same symbol with the CSI-RS for BM, i.e., without knowing this information UE cannot be ensured to perform multiple Rx beam searches within 1 symbol.
Based on the above, it is suggested to consider a revised/updated proposal to move forward to achieve UE Rx beam sweeping latency reduction, as well as achieve low-latency P-1 procedure (with granularity of <1 symbol) together, when configuring repetition=“OFF” with FDMed CSI-RS resources, as a huge BM latency/overhead reduction into Rel-16 without any further specification impacts.
Also found is an evaluation result [13] showing negligible performance loss due to the low-latency UE Rx beam sweeping.

Proposal: For latency and overhead reduction for DL beam management, it is supported that
· No new CSI-RS design and no new term such as ‘sub-time unit’ or ‘sub-symbol’ are introduced in Rel-16.
· Add an RRC parameter to let UE know whether there are other signals multiplexed in the same symbol with CSI-RS for BM.

Companies’ inputs/comments (if any):
	NTT DOCOMO
	Agree

	Ericsson
	Disagree – do not introduce any such parameter 

	Nokia
	Agree first bullet but disagree the second bullet (would restrict scheduling of other UEs in the symbol). 

	Huawei/HiSilicon
	Question: Other signals are for this UE or broadcast signals? Given that there is a scheduling restriction on symbols carrying CSI-RS with repetition ON in Rel-15, do we still need this additional functionality?

	NEC
	Share the same view with Nokia. We do not need to re-discuss this in Rel.16.

	Spreadtrum
	Agree with Nokia.

	Intel
	Support this proposal. Could not understand Nokia’s concern, gNB can select either multiplex the signal with CSI-RS or not. The only thing to do is to let UE know whether UE can do a fast beam selection or not. 

	ZTE
	Fine with the first bullet only.

	CATT
	Fine with first bullet only. 

	Lenovo, Motorola Mobility
	Agree with Nokia. 

	OPPO
	Agree with Nokia

	Samsung
	Fine with the proposal (seems to be a good middle ground)

	Sony
	Agree with Nokia that only the first bullet is fine to accept. 

	LGE
	Support the proposal, agreeing with Intel’s view.

	CEWiT
	Support the proposal

	Qualcomm
	Not support this proposal. 




Enhancements on group-based beam reporting

In Tdocs [2], [11], it is suggested to continue discussions based on Rel-15 agreements (@RAN1#AH1701, @RAN1#88, @RAN1#89 as shown below) regarding group-based beam reporting to reduce latency and overhead for DL BM.
	Working assupmtions:@RAN1#AH1701
· Support at least one of these two alternatives of beam reporting:
· Alt 1:
· UE reports information about TRP Tx Beam(s) that can be received using selected UE Rx beam set(s).  
· where a Rx beam set refers to a set of UE Rx beams that are used for receiving a DL signal
· Note: It is UE implementation issues on how to construct the Rx beam set.  
· One example: each of Rx beam in a UE Rx beam set corresponds to a selected Rx beam in each panel.
· For UEs with more than one UE Rx beam sets, the UE can report TRP Tx Beam(s) and an identifier of the associated UE Rx beam set per reported TX beam
· NOTE: Different TRP Tx beams reported for the same Rx beam set can be received simultaneously at the UE.
· NOTE: Different TRP TX beams reported for different UE Rx beam set may not be possible to be received simultaneously at the UE
· Alt 2:
· UE reports information about TRP Tx Beam(s) per UE antenna group basis
· where UE antenna group refers to receive UE antenna panel or subarray 
· For UEs with more than one UE antenna group, the UE can report TRP Tx Beam(s) and an identifier of the associated UE antenna group per reported TX beam
· NOTE: Different TX beams reported for different antenna groups can be received simultaneously at the UE.
· NOTE: Different TX beams reported for the same UE antenna group may not be possible to be received simultaneously at the UE
· FFS: How UE antenna group or Rx beam set is captured in the specification

Agreements@RAN1#88:
· Confirm the working assumption on group based beam reporting made in RAN1 Jan. NR Adhoc Meeting, with the following update:
· Further discussion for possible down-selection or merging, especially taking into account overhead
Agreements@RAN1#88:
· NR supports the following beam reporting considering L groups where L>=1 and each group refers to a Rx beam set (Alt1) or a UE antenna group (Alt2) depending on which alternative is adopted. 
· For each group l, UE reports at least the following information:
· Information indicating group at least for some cases
· FFS: condition(s) to omit this parameter e.g. when L=1 or Nl=1
· Measurement quantities for Nl beam (s)
· Support L1 RSRP and CSI report (when CSI-RS is for CSI acquisition)
· FFS: the details of RSRP/CSI derivation and content
· FFS: Other reporting contents, e.g., RSRQ  
· FFS: Configurability between L1 RSRP and CSI report
· FFS: whether or not to support differential L1 RSRP feedback
· FFS: How to select Nl beam(s) e.g max Nl beams in terms of received power being above a certain threshold or in terms of correlation less than a certain threshold
· Information indicating Nl DL Tx beam(s) when applicable
· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, beam selection rules for assisting rank selection for MIMO tx, etc.
· This group based beam reporting is configurable per UE basis.
· This group based beam reporting can be turned off per UE basis e.g. when L=1 or Nl=1
· NOTE: No group identifier is reported when it is turned off 
· FFS: how L is determined. e.g. by network configuration or UE selection or UE capability e.g. how many beams can be received simultaneously
· FFS: how is configured using the CSI framework to support multi-panel or multi-TRP transmission
Agreements@RAN1#89:
· The following beam grouping criteria are considered:
· A1 (based on Alt 1): Different TRP TX beams reported for the same group can be received simultaneously at the UE. 
· A2 (based on Alt 2): Different TRP TX beams reported for different groups can be received simultaneously at the UE.
· Down selection of the beam grouping criteria by next meeting


As shown above, the beam-group based reporting related issues had been intensively discussed in Rel-15, although the finally specified behavior in Rel-15 is supporting up to 2 reported beams which can be received simultaneously (i.e., which can support UEs with up to 2 panels). 
Considering the last RAN1#95 meeting agreements on the clarification table on FG 2-30 (shown in Section 2 of this document), implying Rel-15 UE can report its capability as up to 4 Tx panels, it seems reasonable at least to enhance in Rel-16 to support up to 4 reported beams (4 Rx panels) which can be received simultaneously (as Alt.1 below). Or, RAN1 can consider to agree further enhancements based on ‘Alt.2 in working assumption made in RAN1#AH1701’ with some updates to be more appropriate in the scope of Rel-16 (as Alt.2 below).

Proposal: For group-based beam reporting, agree either one of the following alternatives in this meeting or until RAN1#96 meeting.
· Alt.1: The maximum possible number of reported beams for group-based beam reporting is increased to 4 (which can support up to 4 UE Rx panels, improved twice from Rel-15).
· Supported by CMCC[11],
· Alt.2: Based on ‘Alt.2 in working assumption made in RAN1#AH1701’, it is supported that UE can report information about TRP Tx beam(s) per UE Rx panel.
· For UEs with more than one UE Rx panel, the UE can report preferred TRP Tx beam(s) and information on the applied UE Rx panel per reported Tx beam
· Note: Different Tx beams reported for different UE Rx panel can be received simultaneously at the UE.
· Note: Different Tx beams reported for the same UE Rx panel cannot be received simultaneously at the UE.
· FFS: More than one Tx beam can be reported per UE Rx panel in one reporting instance.
· FFS: How UE Rx panel is captured in the specification.
· Supported by ZTE[2], CMCC[11], 
· Alt.3: No further optimization of group-based beam reporting specified in Rel-15 (which can support up to 2 UE Rx panels).
· Supported by Ericsson, CATT, Samsung, Qualcomm
[Note] Any update on each company’s position above is appreciated. 

Companies’ inputs/comments (if any):
	Nokia
	Alt2. would be beneficial e.g. for panel-specific UL transmission (report having applied UE Rx panel per reported Tx beam).

	Huawei/HiSilicon
	Comment to Alt-1:
In our understanding, the discussions in simultaneous reception over CC/BWP(s) in Rel-15 assumed there is only one active UE panel/beam.
With this in mind, we are not sure whether the two reported RS correspond to two UE Rx panels in Rel-15 group-based reporting. It is better to have a common understanding on this first.
Question to Alt-2:
Is this about UE-panel-specific DL beam selection?


	Intel
	We think beam reporting should provide panel info for UE in panel selection mode. So non-group based beam reporting can be enhanced with additional UE panel info.

	ZTE
	Alt 2. 

Group-based reporting is very important for supporting multi-panel or multi-TRP simultaneous transmission. From our perspective, Rel-15 group based reporting only can handle up to two UE panels and up to two TRPs/TRP-panels cases with a strong restriction, i.e., only one TX beam to be reported per UE panel. Taking into account the gNB flexibility of DL beam scheduling, we need support more than one Tx beams per UE panel.

Regarding Huawei’s first question, it is clear in Rel-15 spec that simultaneous reception can be done by using multiple receive spatial filters.  These spatial filters can correspond to multiple Rx panels which is transparent (or not explicitly defined) in the Rel-15 spec.  We should discuss the potential Rel-16 enhancements based on this understanding.  Regarding the second one, from our perspective, it is not only related to UE panel selection for single panel reception, but also related to DL simultaneous reception across multiple UE panels in single/multi-TRP scenarios.

	CMCC
	In FR2, the blockage seriously affects the transmission performance. Multi-panel or multi-TRP is an important method to improve the performance by providing more transmission paths. 
The group based reporting with up to 2 reported beams can support UEs with at most 2 panels, however, for UEs with more than 2 panels, the enhancement of group-based beam reporting should be considered. 
Besides, the existing beam reporting scheme in Rel-15 needs to be further enhanced to support beam reporting for multi-TRP transmission. One method is to support the beam grouping criteria A2 discussed in Rel-15, in which different TRP TX beams reported for different groups can be received simultaneously at the UE, and the different groups can correspond to different TRPs.

	Qualcomm
	Need to understand how this interacts with mTRP




UE-assisted/triggered DL BM enhancements for latency and overhead reduction

As shown in Tdocs [3], [12], [14], [19], [20], [23], [24], [28], growing interest in this topic has been observed to consider UE-assisted/triggered DL BM enhancements to reduce latency and overhead for BM. However, some proposals seem to have lack of details in terms of potential specification impacts, showing benefits, and pros/cons analysis, also observed with some non-MIMO issues heavily correlated (e.g., initial access related proposals) and inevitable higher-layer specification supports which might not be easy to properly considered in other working groups.
In that regard, it can be suggested that until RAN1#96bis meeting, interested companies are encouraged to elaborate full details on the proposed mechanism with clear necessary specification impacts, showing the benefits, and pros/cons analysis to decide whether/how to support in Rel-16.

Proposal: NR to consider UE-assisted/triggered DL BM mechanisms for latency and overhead reduction.
· Candidate mechanism details are to be submitted until RAN1#96bis including at least
· Which parts or functionalities of Rel-15 specifications needed for enhancements 
· Expected benefits and pros/cons analysis compared to Rel-15 baseline
· Decision on whether/how to support the mechanism should be made until RAN1#97

Companies’ inputs/comments (if any):
	Huawei/HiSilicon
	Support

	NEC
	Support in principle. But more details may be needed.

	Spreadtrum
	Support

	Intel
	Support

	ZTE
	Some further discussion on triggering condition and request/reporting signalling are necessary.  It can be considered together with power saving or PUCCH based BFR.

	InterDigital
	Support

	CATT
	Fine with the proposal if “consider” is changed to “study”.

	Lenovo, Motorola Mobility
	Support 

	LGE
	Support

	Nokia
	Same view as CATT.

	KDDI
	Support

	Qualcomm
	Support L1-Event triggered BM report to avoid full beam failure by maintaining beams proactively. As described in [24], L1 events can be introduced similar to L3 events with triggering conditions configured, e.g. top N beams have changed. 
In addition, results based on blockage model in TS38.901 showed that the top N beams seldom fail simultaneously, which can be exploited to update each beam individually.





Proposals in Tdoc

[1] R1-1900018	Enhancements on multi-beam operation	Huawei, HiSilicon
Proposal 1: For latency reduction, study mechanisms to reduce RRC reconfiguration via introducing new MAC-CE/DCI indications for BM and to reduce beam training latency via defining clear beam selection rules. 
Proposal 2: For overhead reduction, study mechanisms to reduce the transmission of periodic beam-sweeping signals and to relax the scheduling constraints over the OFDM symbols carrying BM RS like SSB when UE does not perform Rx beam switching. 
Proposal 3: RAN1 introduces a new ID to represent a virtual UE Tx panel, with the common understanding that it does not imply any specific UE antenna implementation. 
Proposal 4: Consider to incorporate UE Tx panel identifier to SRS resource configurations for UL BM and CB/NCB-based UL transmission, as well as timing/power control signaling.
R1-1900843:
Proposal 2: Support configuring up to 64 candidate beams by RRC signalling and then MAC-CE message to choose a subset as active resources for new beam identification in Rel-16. 
Proposal 5: DMRS based beam management should be considered to reduce overhead in Rel-16.
Proposal 6: QCL relationship between FR2 CCs should be maintained based on UE feedback to enable cross-carrier beam management for overhead reduction.
Proposal 7: For overhead reduction, study mechanisms to relax the scheduling constraints over the OFDM symbols carrying BM RS like SSB when UE does not preform Rx beam switching. 
R1-1900844:
Proposal 1: Simultaneous multi-UE-panel transmission is out of scope in Rel-16 and RAN1 should focus on UE panel selection and mechanisms that facilitates panel-specific beam selection in Rel-16.
Proposal 4: Introduce new or extend the existing capability signalling in Rel-15 to inform gNB about the number of Tx panels equipped at one UE and for each Tx panel to inform the number of different Tx beams that can be generated on this Tx panel. 
Proposal 5: Design dynamic mechanisms to align the understanding of UE Tx panel status (on/off/switch) between gNB and UE with the new UE Tx panel identifier.

[2] R1-1900088	Enhancements on Multi-beam Operation	ZTE
Proposal 1: Down-select the following options of specifying an identifier (ID) which is used for indicating panel-specific UL transmission.
· Opt-1: SRS resource set ID
· Only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant;
· SRS resources in different SRS resource sets can be transmitted simultaneously.
· Opt-2: UE antenna group ID
· Different UL RS resources, which have different spatial relations and are associated with one same UE antenna group ID, can NOT be transmitted simultaneously. 
· Different UL RS resources associated with different UE antenna group ID can be transmitted simultaneously. 
· Specify this identification to support association between UL panel and DL panel.
Proposal 2: Simultaneous UL transmission across multiple UE panels should be supported in Rel-16.
Proposal 3: At least for codebook based PUSCH transmission, one SRI codepoint in DCI can be associated with one or more SRS resources through one MAC-CE signaling
· One SRS resources with usage =’codebook’ can be associated with panel ID, e.g., SRS resource set ID or UE antenna group ID, besides spatial relation info.
· FFS: non-codebook based PUSCH transmission.
Proposal 4: In order to support multi-panel operation, the following aspects should be considered for UL beam management.
· Mechanism of supporting wide beam and narrow beam association, e.g., UL RS resource-set level association, configuration of spatial granularity level for UL RS or UL RS resource-set.
· Mechanism of associating one UL RS resource with one “panel ID”, e.g., SRS resource set ID or UE antenna group ID.
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:  Study using Rel-15 beam specific PHR framework to handle the MPE issue and if required, specify enhancements to the beam specific PHR framework
Proposal 7:  In order to support UL multi-beam/panel operation, it should be considered to support panel-specific UL power control. 
· Study mechanisms of configuring multiple power control parameters and associating them with one single UL transmission.
Proposal 8:  Extension of Rel-15 group based beam reporting should be considered to support more Tx beams and/or more groups to be reported according to the requirements for supporting DL and UL multi-panel/TRP in Rel-16 NR-MIMO.
· Study to enhance group based beam reporting considering criteria related to spatial multiplexing. 
Proposal 9:  For DL beam indication for multi-beam operation, the framework of supporting one TCI states associating with one or more RS sets should be supported in Rel-16. 
· MAC CE should be enhanced to associate (and combine) up to 2 RS sets with one DCI-indicated TCI state.
· Study how to save TRS overhead considering the flexibility of beam indication and demodulation performance of PDSCH. 
Proposal 10:  Sub-time unit for beam management is NOT supported at least in Rel-16.

R1-1900093:
Proposal 1:  Aperiodic beam measurement/reporting based on multiple resource sets should be considered for Rel-16 enhancement.
Proposal 2: It should be supported that the default beam of PDSCH is different from the beam of CORESET.
Proposal 3: Two TCI states can be configured for a CORESET. One is for PDCCH detection, another is for the default beam for PDSCH.
Proposal 4: The TCI field in the DCI can be used to inform other information when the offset between DCI and corresponding PDSCH is less than the threshold.
Proposal 5: Within one CSI-RS resource set, default configurations of some parameters for some CSI-RS resoruces can be supported, such as parameter qcl-InfoPeriodicCSI-RS, scramblingID and freqBand.
Proposal 6:  The PUCCH resources can be grouped based on beam, PUCCH resources within one group share the same beam. The MAC-CE is used to replace one old beam by a new beam for a PUCCH resource group associated with the old beam.

R1-1900096:
Proposal-1: panel specific power control should be supported in Rel-16.
Proposal-3: simultaneous transmission of UL channels/signals should be considered for power control in Rel-16.

[3] R1-1900138	Discussion on multi beam operation.	vivo
Proposal 1:
· A common candidate TCI state pool can be shared by all the DL channels/RSs of all the cells in the same band.
· The source RSs indicated by the candidate TCI states for DL can be shared by UL channels/RSs.
· CORESET#0 QCL assumption can be used as default QCL for other DL/UL channels/RSs beam indication to reduce the RRC configuration overhead.
· The association among the CORESETs can be configured through UE Rx panel information for default QCL assumption of other channels/RSs on the same UE panel.
Proposal 2:
· Overhead reduction for signaling of beam indication RS and pathloss reference RS can be considered.
Proposal 3:
· Support the functionality of aligning the gNB’s and UE’s understanding on the panel used for DL beam measurement.  
Proposal 4:
· The event based beam reporting is supported in NR for overhead reduction.
Proposal 5:
·  Support CSI-RS resource set index being reported for beam reporting.
Proposal 6:
· Support SRS resource for beam management being used for UL grant.
· Support UL beam indication by CRI/SSBRI in DCI 
Proposal 7:
· Multi-panel/multi-beam SRS resource transmission with per panel/beam selection should be firstly discussed to facilitate discussion of other issues. 
Proposal 8:
· For SRS for beam management, NR support UL local beam sweeping by flexible configuration for SRS and UE panel ID indication based on UE capability to reduce UL beam refinement overhead.
Proposal 9:
·  For UE panel activation and deactivation ,  the following issues should be further discussed:
· Panel identification;
· Network and UE alignment of panel activation/deactivation;
· Impact to DL control/data reception, DL CSI measurement and DL beam management;
· Impact to UL data/control transmission, SRS for beam management, SRS for codebook and non-codebook transmission.
Proposal 10: 
· Support per port spatial relation information configuration for SRS resources for codebook.
· For UL grant of multi-panel PUSCH transmission, support to reuse current DCI signaling as much as possible.
Proposal 11: 
· Support to associate multiple SRS resources with a single PUCCH resource to enable multi-panel PUCCH transmission. 
Proposal 12: 
· MPE discussion in RAN1 should not start before Rel-15 RAN4 discussion is fully concluded.

R1-1900143:
Proposal 1: URLLC requirement for UL transmission under multi-TRP should be satisfied for both ideal and non-ideal backhaul cases.
Proposal 2: For non-coherent UL transmission for multi-TRP scenarios targeting URLLC requirement, the following issues need to be discussed:
· UE monitoring behavior of multiple PDCCH possibly scheduling multiple PUSCH simultaneously
· Simultaneous transmission of multiple PUCCH/PUSCH
· Power control related issues
· Association of PDCP duplicated packets to different TRPs
Proposal 3: Send LS to RAN2 to notice them of the intention of PDCP duplication on different TRPs and the possible differentiation of TRPs with CORESET ID.
Proposal 4: Discussion of simultaneous UL transmission should at least cover the following cases:
· PUCCH + PUCCH at both FR2 and FR1
· PUCCH + PUSCH at both FR2 and FR1
· PUSCH + PUSCH at both FR2 and FR1.

[4] R1-1900218	Enhancements on multi-beam operation	MediaTek Inc.

[5] R1-1900257	Enhancement on multi-beam operation	Fujitsu

[6] R1-1900294	Discussion on Multi-beam Operation Enhancements	OPPO
Proposal 1: Study the relevant scenario(s) and determine whether the activation command of MAC CE can be avoided in the identified scenario(s) for the dynamic beam indication of PDSCH in order to reduce the signaling overhead and latency.
Proposal 2: Study and determine whether or not NW can configure more than 2 SRS resources for codebook-based PUSCH.
Proposal 3: No support of sub-time unit for beam management RS shorter than 1 OFDM symbol.
Proposal 4: 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 5: For UE with multiple Tx panels, PUSCH from single panel is the starting point
· Study and, if needed, specify the mechanisms for PUSCH from multiple panels.
Proposal 6: If PUSCH from multiple panels is specified, this feature should be reported as an optional UE capability.
Proposal 7: For UE with multiple Tx panels, Rel-16 at least supports the beam indication signaling for PUSCH transmitted from one panel.
Proposal 8: For UE with multiple Tx panels, study and determine whether or not there are some issues regarding timing advance based on solid evaluations.
Proposal 20: Postpone RAN1 discussion on MPE issues until RAN1 receives RAN4’s corresponding LS which asks RAN1 to support/design additional mechanism.

[7] R1-1900340	Enhancemnets on multi-beam operation	CATT
· Extend the number of SRS resource sets (for CSI) beyond 1, with 2 SRS resources per set, where 1-bit SRI in UL grant points to a SRS resource in the latest SRS resource set.
· Extend SRS triggering bitfield beyond 2-bits. 

[8] R1-1900359	UE panel-specific UL transmission	Fraunhofer IIS, Fraunhofer HHI
Proposal 1: The implicit selection of UE panels using SRS resources for UL transmission shall be studied and extended to ‘codebook’ SRS usage.
Proposal 2: If the higher-layer parameter ‘SRS-Config’ is configured, the ‘SRS-ResourceSetId’ or ‘SRS-ResourceId’ value(s) or an index whose codepoints map to those values can be considered as possible candidates for reporting UE reception information along with the DL CSI or beam report. The reported SRS resource or resource set IDs may be used by the gNB for scheduling UL sounding of specific SRS resource set(s) from particular panel(s)/port-group(s) or as recommendations for ‘SpatialRelationInfo’ configuration.

[9] R1-1900378	Considerations on multi-beam operation	sony
Proposal 1: Specify the beam management mechanism for short time duration BWP.
Proposal 2: Specify a resource configuration for the joint DL/UL beam management.
Proposal 3: Specify a resource configuration using linkage between DL/UL resource/resource set.
Proposal 4: In Rel-16, an identifier (ID) that can be used at least for indicating panel-specific DL transmission is supported.
Proposal 5: The ID of SRS resource set for ‘beam management’ purpose should be used for UL panel-specific beam indication.
Proposal 6: UE capability signaling is introduced for panel-specific UL/DL transmission.
Proposal 7: Expand SRS sequence number or sequence length to distinguish SRS resources configured in each antenna panel.
Proposal 10: For multi-beam operation in FR2, NR supports the multi-beam indication for PDSCH by extending the TCI index field in DCI.
Proposal 11: It is proposed that companies study most efficient method for a UE to gain access to the polarization properties of the gNB beams.

[10] R1-1900387	Discussion of multi-beam operation		Lenovo, Motorola Mobility
Proposal 1: gNB shall explicitly assign an unique ID for each panel and one panel ID will be associated with higher layer parameters PUSCH-Config/PUCCH-Config/SRS-Config IE.
Proposal 2: SRS resources within one SRS resource set transmitted by one panel are defined as an SRS resource group with a group ID, where the panel ID is the group ID. All SRS resources belong to the same group share the same panel-specific configuration parameters.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 3: The gNB could group the SSB and CSI-RS into different DL RS sets based on the panels, with the panel ID as the DL RS set ID.
R1-1900388:
Proposal 1: Both single-PDCCH and multiple-PDCCH based PUSCH transmission with multi-panel/TRP should be supported.
Proposal 2: More than one SRS resource sets can be configured for UE with multiple panels for codebook based UL transmission, and two separated SRI field should be included in the UL grant.
Proposal 3: The SRI indication for non-codebook based PUSCH in Rel-15 can be extend for the PUSCH transmission with multi-panel.
Proposal 4: Two codeword based codeword-to-layer mapping schemes showed in Table 1  for codebook based UL transmission should be introduced to support UL multi-panel transmission.
Proposal 5: Two separated TPMI should be contained in the UL grant to schedule a two coddeword based PUSCH transmission.
R1-1900944:
Proposal 1: For multiple UE-panel transmission, specification should support independent configuration of all power control parameters corresponding to different UL beam indications from different UE panels. No new procedure is needed for configuration and indication of power control parameters compared to Rel-15 design.
Proposal 2: For multiple UE-panel transmission, no increase is needed for the number of OL/PL/CL power control parameters maintained at the UE compared to Rel-15.
Proposal 3: Unless RAN4 indicates otherwise, RAN1 assumes panel-specific Pcmax,b,f,c for multiple UE-panel transmission, which is defined separately for each UE transmitting panel based on Rel-15 specifications.
Proposal 4: For multiple UE-panel transmissions that overlap in time and are power-limited, power sharing mechanisms among UE panels need to be considered, whose baseline can be the priority rules for power scaling or dropping in CA power control as in Rel-15. 
Proposal 5: For multiple UE-panel transmission, PHR format including the number of PHRs per serving cell and definition of virtual PHR needs to be considered. 

[11] R1-1900419	Enhancements on Multi-beam Operation	CMCC
Proposal 1: To support panel-specific UL transmission, gNB should know the panel ID in which UE uses to receive a SSB/CSI-RS resource.
Proposal 2: The enhancement of group-based beam reporting should be considered in Rel-16 for both multi-panel and multi-TRP transmission.

[12] R1-1900450	Enhancements on multi-beam operation	AT&T
Proposal 1:  An ID representing a group of beams should be considered for UL Tx/Rx beam selection 
Proposal 2: Simultaneous UL transmission across multiple panels should be considered for UL beam management enhancements.
Proposal 3: A UE triggered beam management procedure should be studied in NR for overhead reduction

[13] R1-1900503	On beam management enhancement		Intel Corporation
Proposal 1: To reduce downlink beam measurement overhead and latency, sub-time unit based beam measurement and selection should be supported, and it should be supported that gNB can let UE know whether there are other signals multiplexed in the same symbol with CSI-RS.
Proposal 2: To reduce UE beam searching latency, signalling of the spatial correction information for SSB should be supported.
Proposal 3: MAC CE based beam indication for periodic and aperiodic SRS should be supported to reduce uplink beam management latency.
Proposal 4: Introduce indication of the partial spatial relation info for SRS to support local Tx beam search for the UE and reduce overhead for uplink beam management.
Proposal 5: For UL panel specific beam selection, to enhance beam reporting should be with a higher priority than beam indication.
Proposal 6: It should be supported that UE can report its antenna port(s) group index for a SSB/CSI-RS resource in a beam reporting instance.
Proposal 7: With regard to power emission safety, it should be supported that in a beam reporting instance, UE can report the maximum power reduction when the corresponding SSB/CSI-RS is configured in a spatial relation info.
Proposal 8: To support beam indication in a panel-selection manner should have a higher priority than simultaneous multi-panel transmission.

[14] R1-1900623	Discussion on multi-beam based operations and enhancements	LG Electronics
Proposal 1: To properly support UEs having independent PA per panel for codebook and non-codebook based UL, agree either one of the following:
· Alt.1: Support configuration of up to X SRS resource sets (X>1) for the same time domain behaviour (periodic, semi-persistent, or aperiodic) for both codebook based UL and non-codebook based UL.
· Alt.2: Support independent PC parameter setting for different SRS resource(s) within a single SRS resource set for both codebook based UL and non-codebook based UL.
Proposal 2: Support simultaneous transmission across multiple panels (STxMP) in Rel-16, and further details on multiple SRI indication in UL grant for CB-UL should be investigated taking into account practical aspects including DCI field size limitation and UE capability on UL coherent transmission.
Proposal 3: It needs to be avoided by the specification to explicitly control UE behaviors on panel activation/deactivation unless clear benefits and critical use cases are recognized. 
Proposal 4: Enhance the maximum configurable number of spatial relations for PUCCH to be 16, to improve flexibility in controlling PUCCH spatial relation.
Proposal 5: Higher-layer signaling optimizations including proposal on simultaneous spatial relation update for all PUCCH resources should have lower priority especially when the functionality is not to be changed compared to Rel-15.
Proposal 6: Discussion on the enhancement on SRS beam sweeping/repetition in the scope of Rel-16 needs to be resumed after stabilizing Rel-15 UL BM related maintenance, since in RAN#82 the UL BM procedures are endorsed as mandatory for UE who reports FG 2-20 (Beam correspondence) set to ‘0’ as required with UL beam sweeping.
Proposal 7: Mechanisms for improving robustness of PUCCH beam management need to be considered, including PUCCH beam sweeping and multi-beam PUCCH transmissions.
Proposal 8: For overhead and latency reduction required for RX beam selection,
· No new CSI-RS design and no new term such as ‘sub-time unit’ or ‘sub-symbol’ are introduced in Rel-16.
· Add an RRC parameter (e.g., up to 2 bits under NZP-CSI-RS-config IE) to indicate the existence of other NZP-CSI-RS resource(s) configured for other UE(s) on the symbols of the given NZP-CSI-RS.
Proposal 9: Consider UE-assisted BM enhancement feature such as Tx beam change request by UE to reduce BM latency and overhead, rather than UE-initiated trigger-based new BM mechanism. 
R1-1900628 with evaluation results

[15] R1-1900634	Views on multi-beam operation	Mitsubishi Electric Corp
[bookmark: P1]Proposal 1: Support an ID (e.g., panel ID or group ID) to partition beams for UL
[bookmark: P2]Proposal 2: Support a mechanism to allows simultaneous multi-panel transmission
Proposal 3: Number of group IDs for UL shall be configurable, depending on distance between TRPs/panels or distance between TRPs/panels and UE

[16] R1-1900637	Enhancements on Multi-beam Operation for UL beam management	China Telecommunications
[bookmark: _Hlk534914245]Proposal 1: The total number of UE Tx panels (Mpanel) should be reported to TRP.
Proposal 2: The number of active UE panels (Npanel) could be determined by UE capability and TRP’s configuration jointly to make a compromise on system performance and latency, Npanel <= Mpanel.
Proposal 3: For UL beam management, the UE Tx panel ID information should be reported for TRP measurement to optimize beam selection. 
Proposal 4: The following UL L1/L2 beam management procedures are supported within one or multiple panels:
· U-0: is used to enable TRP measurement on different UE Tx panels to support selection of UE Tx panel(s)
· This is not necessarily useful in all cases, e.g.., when the number of active UE Tx panel is 1.
· U-1: is used to enable TRP measurement on different UE Tx beams in the selected Tx panel(s) to support selection of UE Tx beams/TRP Rx beam(s)
· U-2: is used to enable TRP measurement on different TRP Rx beams to possibly change/select inter/intra-TRP Rx beam(s)
· U-3: is used to enable TRP measurement on the same TRP Rx beam to change UE Tx beam in the selected Tx panel(s) in the case UE uses beamforming

[17] R1-1900664	Discussion on multi-beam operation		NEC
Proposal 5: Do not support sub-time unit scheme for beam management in Rel. 16.

[18] R1-1900692	Enhancements on Multi-beam Operation	Nokia, Nokia Shanghai Bell
[bookmark: _Ref534797453]Proposal 1: Support UE panel aware beam reporting for panel specific uplink beam selection by including the (panel) identifier to the reported beam measurement result.
[bookmark: _Ref534799338]Proposal 2: Support separate measurement configuration and reporting for determining UL TX beam based on DL RSs to provide information about which DL RSs are feasible to determine good uplink beams from achievable EIRP point of view.
[bookmark: _Ref534799381]Proposal 3: SRS resource for codebook/non-codebook based PUSCH is associated to an identifier (panel).
[bookmark: _Ref534799459]Proposal 4: UE capability signaling supports indicating the space of the identifier that indicates the number of panels visible to gNB UE would support. 
[bookmark: _Ref534808005]Proposal 5: Study whether there is need to define a fallback operation and related conditions and mechanisms from configured/activated/triggered multi-panel transmission to single-panel transmission for SRS and PUSCH.
[bookmark: _Ref534799484]Proposal 6: Support gNB to signal multiple SRIs (and TPMI/TRIs) in the scheduling DCI for the codebook based PUSCH transmission. 
[bookmark: _Ref534799492]Proposal 7: Increase the number of SRS resources within the SRS resource set (codebook). 
Proposal 8: Support common spatial relation info configuration (RRC) and MAC activation command across all the PUCCH resource sets for PUCCH.
Proposal 9: Support max number of spatialRelationInfos to be 64 for uplink signals and channels for Rel16 UEs.
Proposal 10: 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 11: 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 12: Text proposal to 3GPP TS 38.331 in Annex. A, required changes marked with green color.
Proposal 13: Adopt Alt2: No support of sub-time unit for beam management RS shorter than 1 OFDM symbol.


[19] R1-1900700	Discussion on multi-beam operation		Spreadtrum Communications
Proposal 1: Not support sub-time unit for beam management RS shorter than 1 OFDM symbol.
Proposal 2: Study event triggered beam reporting where partial beam failure happens
· FFS: the detailed mechanism for partial beam failure event, e.g., reporting content, resources for reporting
Proposal 3: Support to introduce a new ID for indicating panel-specific UL transmission.
Proposal 4: Support simultaneous multiple beams/panels UL transmission.
Proposal 5: Strive unified design for single panel transmission and multiple panel transmission.

[20] R1-1900750	Considerations on beam measurement and reporting enhancement	Apple Inc.
Proposal 1: NR to support UE event based aperiodic beam measurement reporting.
· FFS: the detailed events and configurations
Proposal 2: NR to support UE report to assist gNB configuring and triggering beam manage procedure (P1/P2/P3/U1/U2/U3)
· FFS: (1) Detailed channels/mechanism to send such report from UE and (2) detailed events and triggering conditions
Proposal 3: NR to support UE request for the number of resources for P3/U3 (P1/U1) beam management procedure
Proposal 4: NR to support UE request for the preferred configuration of periodic and aperiodic beam measurement/reporting
Proposal 5: NR to configure multiple SRS resources with different Tx beams corresponding to a same reference RS (e.g. SSB, CSIRS or SRS).
Proposal 6: NR to configure multiple transmit/receive beams with uplink and downlink slot aggregation
R1-1900751:
Proposal 1: Rel-16 NR supports separate beam measurement report for DL and UL beam management
Proposal 2: 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 3: 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.

[21] R1-1900809	On multi-beam operation enhancement 	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 DL multi-beam transmission support when gNB and UE have multiple panels. 
Proposal 4: Study simultaneous transmissions of multiple SRS resources with multi-panel capability for low latency beam selection.
Proposal 5: Study to support association between SRS resources and UE transmit panel for simultaneous transmission of multiple SRS resources.
Proposal 6: Rel-16 NR supports panel turn-off as well as simultaneous multi-beam transmission in UL using the ID for panel-specific transmission. 

[22] R1-1900820	Enhancements on UL Multi-beam Operation 		MTI
[bookmark: _Hlk534625196][bookmark: _Toc534962476]Proposal 1: Reuse SRS resource set ID as the panel ID. Detail is FFS.
[bookmark: _Toc534962477]Proposal 2: Supporting synchronized information between gNB and UE.
[bookmark: _Toc534962479]Proposal 3: Support simultaneous multi-panel UL transmissions.

[23] R1-1900842	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.
Proposal 4:  We prefer to down select from option1, option 2 and option 3 for multiple UL beam indication.

[24] R1-1900906	Enhancements on Multi-beam Operation	Qualcomm Incorporated
[bookmark: ULPanel1]Proposal  NR shall enable mechanism to associate each SRS resource set with a panel for both ‘codebook’ and ‘noncodebook’ based PUSCH transmission. 
Proposal  SRI field in the DCI can be expanded to select multiple SRS resources belonging to multiple SRS resource sets, where each set is associated with a panel.  SRI to SRS resource table mapping shall be extended to include SRS resources across SRS resource sets.
Proposal  Enhancements to power control shall be specified for multi-panel to support asymmetric links.
[bookmark: ULPanel2]Proposal  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 a subset of the indicated SRS resources for UL transmission.  
[bookmark: SubUnitBM]Proposal   NR shall adopt Alt2: No support for sub-time unit for beam management RS shorter than 1 OFDM symbol.
[bookmark: SigReduct]Proposal  For deployments comprising a common beam for both DL and UL, a link can be configured between CORESETS and a set of PUCCH resources, such that TCI update of a CORESET beam, also updates the spatial relation info of the PUCCH resources linked to the CORESET. 
[bookmark: MultiTCI1]Proposal   For enhanced reliability and robustness, support single DCI transmission over multiple TCI states
[bookmark: MultiTCI2]Proposal  Study and specify PUCCH repetition/ selection across multiple beams for enhanced reliability and robustness
[bookmark: MultiTCI3]Proposal  Study and specify multi-TCI transmission for data channels.
[bookmark: PBFR1]Proposal  Study and specify L1 event trigger-based report for fast beam selection.
[bookmark: CDRX]Proposal  Mechanisms to reduce latency in beam selection for CDRX operation shall be studied and specified.

[25] R1-1900979	Discussion on multi-beam enhancement	NTT DOCOMO, INC.
Proposal 3-1: Not “beam measurement” or “beam reporting” but “beam selection” to reduce latency and overhead should be first discussed, as specified in the WID.
Proposal 3-2: 
· Low latency beam selection should be specified.
· Low signalling overhead beam selection should be specified.
Proposal 3-3: UE assumes TCI state of PDSCH is the same as that of the scheduling PDCCH, regardless of whether the time offset between the PDSCH and the PDCCH is within the threshold or not, for reducing signalling overhead and latency for TCI state indication of PDSCH.
Proposal 3-4: For PDCCH beam selection, updates of the QCL assumption without explicit indication should be supported.
Proposal 3-5: For low latency beam selection of PDCCH, allow either of multiple RSs as a source of TRS.
· gNB doesn’t inform UE which of RSs is QCL-D with the TRS.
· gNB can update QCL assumption of the TRS without explicit indication to UE.
Proposal 4-1: Simultaneous UL multi-analog beam transmission using multi-panel should be supported.
Proposal 4-2: An indication of multiple SRIs corresponding to UE’s multi-analog beams should be supported.
Proposal 4-3: To use suitable UE panel(s) with turning-off other panel(s), either NW or UE should provide some information to another one.
Proposal 4-4: For periodic/aperiodic SRS, the activation/deactivation of the SRS resource corresponding to PUSCH spatial relation by MAC-CE should be supported.

[26] R1-1900990	Discussion on enhancements on multi-beam operation		ITRI

[27] R1-1901077	Enhancements on multi-beam operation	Samsung
Proposal: 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
Proposal: Introduce the use of SRS for aiding DL beam indication by including SRS resource ID in TCI state definition
Proposal: Introduce sub-time unit for CSI-RS configured for multi-beam operation.
Proposal: Support DCI format 0_0 for any SCell in FR2 even when PUCCH resource configuration is absent.
Proposal: For Rel.16 UL beam indication, introduce the following features: 
· 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 associated with reference RS resource IDs
· The DCI field used for UL beam indication selects the UL TCI state, either a new DCI field or reusing the existing SRI field
· Mechanism to support multiple UL TX beam indication (STxMP) such as multiple SRI fields (or at least some extension of the existing SRI field) or multiple UL-TCI fields

[28] R1-1901141	Discussion on multi-beam operation		KDDI
Proposal 1: Msg3 beam management for latency enhancements should be specified. 
Proposal 2: DL beam measurement procedure in beam management can be skipped with Msg3 beam management. 
Proposal 3: The maximum number of PUCCH resources should be up to 16 or 64 for overhead reduction. 

[29] R1-1901154	Enhancements on multi-beam operation	ASUSTEK COMPUTER (SHANGHAI)
Proposal 1: NR Rel-16 supports mechanisms for changing UE panel status and indicating related UE panel status. 

[30] R1-1901164	Enhancements to multi-beam operation	Ericsson
[bookmark: _Toc534967577][bookmark: _Toc534987229][bookmark: _Ref528839673]Enable update of the spatial relation of aperiodic SRS with MAC-CE signaling. 
[bookmark: _Toc534987230]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.
[bookmark: _Toc534967579][bookmark: _Toc534987231]Increase the maximum number of configured spatial relations for PUCCH to 64.
[bookmark: _Toc534967580][bookmark: _Toc534987232]Enable simultaneous spatial relation update for all PUCCH resources to reduce signaling.
[bookmark: _Toc534967582][bookmark: _Toc534987233]Introduce the possibility to use a CORESET when configuring a spatial relation.
[bookmark: _Toc525901429][bookmark: _Toc528573133][bookmark: _Toc528954519][bookmark: _Toc534987234]Introduce the possibility to configure several QCL sources for one RS.
[bookmark: _Toc528573131][bookmark: _Toc528954517][bookmark: _Toc534987235]Introduce a semi-persistent TRS which can be configured with an SS/PBCH block as QCL source. 
[bookmark: _Toc534987236]Do not introduce larger SCS to support sub-time unit RSs in Rel-16.
[bookmark: _Toc534987237]Introduce an identifier (UTE) that can be used to support improved multi-panel scheduling uplink.
[bookmark: _Toc528954520][bookmark: _Toc534987238]Do not introduce support of simultaneous transmission over multiple UE antenna panels.
R1-1901201 with evaluation results
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