3GPP TSG RAN WG1 Meeting #95
  




R1-1814122
Spokane, USA, November 12th – 16th, 2018
______________________________________________________________________ Agenda item: 7.2.8.3
Source: LG Electronics

Title: Updated feature lead summary of Enhancements on Multi-beam Operations
Document for: Discussion and Decision
1. Introduction 
In this FL summary of Enhancements on Multi-beam Operations, the first two sub-bullets below are considered within the scope of Rel-16 eMIMO WID:
· Enhancements on multi-beam operation, primarily targeting FR2 operation:

· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15

· Specify measurement and reporting of either L1-RSRQ or L1-SINR
2. UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
Based on reviewing the submitted Tdocs shown in Section 6, the following issues and proposals are summarized for efficient offline/online discussions, where in general a single company proposal has not been prioritized. Note the relevant issues and proposals can be updated, added, or removed, depending on the discussions.

Issue#A: Whether WID revision is needed for “studying simultaneous multi-panel PUSCH TX”
Based on inputs on the summary, question/concern is raised on whether studying simultaneous multi-panel PUSCH Tx is out of scope of this WI, and whether further revision on WID would be needed. 

· Enhancements on multi-beam operation, primarily targeting FR2 operation:

· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
For progress in next meetings, it needs to be clarified whether current WID needs to be revised or not. 

Proposal A: Decide either one of the followings 

· Alt.1: “Studying simultaneous multi-panel PUSCH TX” is in scope of the current WID.
· Alt.2: “Studying simultaneous multi-panel PUSCH TX” is out of scope of the current WID.
· Alt.3: Send an LS to RAN plenary to ask whether “Studying simultaneous multi-panel PUSCH TX” is in scope of the current WID, and if not, whether to include it or not.
Issue#B: Supporting synchronized information between gNB and UE about UE’s panel usage
Based on offline discussions/comments, the following joint proposal is suggested to be agreed by 25 supporting companies
Proposal B: 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, e.g., [gNB may trigger a UL transmission in each panel at the same time], a UE may report panel activation/deactivation status, etc. 

· The ID to be further determined can be, e.g., SRS resource/set ID, a new ID representing a group of antennas, a group of beams, a spatialRelationInfo, a group of DL RS resources or TCI states, and/or a unit of power/timing control.
· [Note: Rel-16 NR strives to support panel-specific UL transmission in a transparent way without requiring UE to disclose its hardware implementation.]
· [Note: UE can have flexibility to decide panel activation/deactivation.]
Supported by (25 companies):

· LGE, Samsung, Ericsson, ZTE, vivo, InterDigital, Nokia, Nokia Shanghai Bell, Intel Corporation, NTT DOCOMO, OPPO, Lenovo, Motorola Mobility, Mitsubishi, AT&T, Fraunhofer IIS, Fraunhofer HHI, Panasonic, Sony, CEWiT, IITM, IITH, Tejas, Huawei,HiSilicon(if “[gNB may trigger a UL transmission in each panel at the same time]” confirmed as in scope)
Issue#1: Supporting simultaneous multi-panel UL transmission for PUSCH 
In RAN1#94bis meeting, the following text regarding UL multi-beam operation has been captured in the Chairman Notes:

For next meeting:

Companies are encouraged to evaluate and study further mechanism(s) to support multiple UL Tx panel/beam indication for PUSCH

· FFS on how to support the indication, e.g., by multiple SRI fields, an extension of the existing SRI field, an indication of selected panel(s), single SRS resource transmitted associated with multiple panels etc.

· FFS on relation to TPMI/TRI fields, PC/TA mechanisms

· Companies to consider specification implications of multiple UL Tx panel/beam support

In Tdoc [21], it is described that simultaneous UL multi-analog beam transmission towards some isolated TRPs would be beneficial to enhance UE’s coverage and throughput performance, which is not properly supported in Rel-15. 
In Tdoc [7], LLS results showed approximately 2 dB SNR gains and throughput gains of using UL 2-panel simultaneous Tx compared to the best 1-panel selective Tx.
Supporting 13 companies (including support in principle) on the proposal below are found as

· ZTE[2], vivo[3], LGE[7](with LLS), Lenovo,MM[11], Samsung[16], Spreadtrum[17], DOCOMO[21](with analysis on R1-1813607), Xiaomi[22], Mitsubishi[25], Qualcomm[26], Nokia, Nokia Shanghai Bell[27]
Companies showed their views on the original proposal on supporting more than one SRS resources to be indicated in UL DCI as follows:

· Supportive(9) (in total, 15 including supports by Tdocs): ZTE, Nokia, Nokia Shanghai Bell, Docomo, Sony, Qualcomm, LGE, Vivo(if ‘SRIs’ are generalized to ‘spatial relations’), Samsung(if ‘SRIs’ are generalized to ‘spatial relations’),
· Not supportive(1): Intel

· Need further evaluation(4): Ericsson, Apple, CATT, OPPO  

Based on inputs from companies, there seems a majority support on this, but even several supportive companies commented that it needs to be clarified on how to support panel identification before making further progress on this. Therefore, it would be better to discuss a newly added proposal B first. For this issue, FL’s recommendation is to gather more evaluation results and/or analysis until next meeting. Original proposal is revised as follows taking companies’ comments into accounts:

Proposal 1: At least for codebook-based PUSCH transmission, continue discussion and evaluate benefits of supporting indication of up to X SRS resources in UL-related DCI for PUSCH transmission, where X>1, in terms of throughput and robustness.
· FFS: whether to support indication of DL RS resources or spatial relation, instead of SRS resources 

· FFS: value of X

Companies’ inputs/comments (if any):
	HW/HiSi
	In our understanding, the text captured in Chairman’s notes in RAN1#94b quoted above is not official guidance and RAN1 has not agreed on studying multiple UL Tx panel/beam indication in Rel-16.
Whether simultaneous multiple UE panel transmission is within the scope of this objective should be clarified. Given that the objective is restricted to ‘that facilitates panel-specific beam selection’, our understanding is simultaneous multiple UE panel transmission is not within the current scope. If needed, some clarifications from Plenary would be helpful. 
Before further guidance from Plenary, at this point, we suggest prioritizing studying panel-specific UL beam selection, in particular, to have and utilize synchronized information between gNB and UE about UE’s panel usage in UL, e.g., Proposal 1 in R1-1811898.

	Vivo
	For UL multi-panel transmission, we envision the possibility of panel selection for normal traffic and simultaneous multi-panel UL transmission from multi-panel transmission for URLLC traffic with ideal and non-ideal backhaul.
However, to facilitate multi-panel transmission, it does not necessarily to indicate multiple SRS resources or even using multiple SRI fields. The original wording is updated as following:
Proposal 1 (for offline discussion): At least for codebook-based PUSCH transmission, it is supported in Rel-16 a UL scheduling DCI can indicate up to X  spatial relations for PUSCH beam indication, where X>1.


	Intel
	We think single SRS is enough. More than 1 SRS resources in DCI would create different DCI formats or increase DCI overhead. (I recall one of our objective is overhead reduction. ()

Before this, maybe we can discuss how/whether to support UE to let gNB know some panel information for each beam, another issues is the emission safety for each beam in a UE panel. We recommend to discuss this reporting info first.

	Ericsson
	The gains of simultaneous UL multi-panel transmission need to be established before any specification work is started.
The single panel transmission specified in Rel-15 still needs to be improved, e.g., wrt TA/PC as captured in the chairman’s notes.

	ZTE
	Support in principle. 
But, PUSCH beam indication is not good wording, due to the fact that we do not have the terminology of beam in the RAN1 spec.  Hence we suggest to make it more general, like: “indicate up to X SRS resources for PUSCH transmission”.
Additionally, “one SRI codepoint in DCI” should be mentioned for clarification.

i.e., At least for codebook-based PUSCH transmission, it is supported in Rel-16 a UL scheduling DCI can indicate up to X SRS resources through one SRI codepoint for PUSCH transmission, where X>1.
· FFS: value of X



	Nokia
	Support in principle. 
We also share views with Intel that we should discuss how to support UE to let gNB know some panel information for each beam (DL and UL). And, we should also discuss UL beam selection that takes into account emission safety for each beam in a UE panel and related reporting mechanism. 

	Apple
	We share similar concern that gains from simultaneous multiple analogy beam UL transmission need to be studied and evaluated. If we decide that it is a useful feature to support in Rel-16. It is beneficial to support the current proposal. However, we think the most useful case could be none-codebook based UL transmission or non-coherent transmission, in that case, multiple DCI design is another alternative without changing SRI content.

	CATT
	We feel the gain of multi-panel joint transmission over single-panel transmission still needs to be validated with more thorough system-level performance valuation, if this is indeed within the WI scope (as pointed out by HW).

Assuming this is to be validated in the future meetings, the proposal can be used a starting point for possible discussion. However the current wording is too restrictive in that some potential solutions are precluded. A proposed rewording is as follows:

Proposal 1: At least for codebook-based PUSCH transmission, it is supported in Rel-16 that up to X spatial relations are available for PUSCH transmission, where X>1.


	OPPO
	The benefits of simultaneous transmission from multiple panels should be justified. There are very limited simulation results in the contribution and they lead to opposite conclusions. Thus a decision should be done based on more solid evaluations. 

	Docomo
	Support.

	Sony
	Support in principle, assuming multi-panel/beam UL Tx is able to provide sufficient gain in certain scenarios. 
Before we agree on “a UL scheduling DCI can indicate up to X spatial relations for PUSCH beam indication”, should we first make progress on panel-specific beam selection? Then we investigate and specify the approach(es) to support multi-panel/beam selection for PUSCH. 


	Samsung
	The formulation of the proposal looks more or less fine after vivo’s suggestion, i.e. replacing SRS resources with spatial relations (which is more general). In addition, some editorial changes were made (the previous syntax looks grammatically awkward and states the obvious, e.g. “Rel.16”). 
Proposal 1: At least for codebook-based PUSCH transmission, an UL-related DCI can indicate up to X spatial relations for PUSCH beam indication, where X>1.
· FFS: value of X
Although we support the direction of this proposal, we sympathize with the comments from, e.g. Huawei, Ericsson, Apple, OPPO, that more system-level evaluation is needed (or at least encouraged) before this proposal can be agreed – or at the very least, to understand the scenarios where X>1 (i.e. simultaneous multi-panel transmission) offers significant gain over X=1 (“panel” selection).


	AT&T
	We think discussion of how to report panel specific beams should be carried out before discussion of simultaneous multi-panel transmission.

	Qualcomm
	Support Proposal 1. Simultaneous Tx is beneficial for robustness of CB based PUSCH. In addition, for improved UE flexibility, UE selection of subset of beams from indicated beams for PUSCH transmission shall also be supported.  

	
	


Issue#2: Identification on UE Tx panel 
In RAN1#94bis meeting, the following note regarding UL multi-beam operation has been captured in the Chairman Notes:

For next meeting:

· Companies to consider specification implications of multiple UL Tx panel/beam support

In Tdoc [27], it is described that an SRS resource set (BM) could be associated to a UE’s panel. In Rel15, UE panels and their usage are transparent to the network – basically there is no definition about a UE panel. However, some hints of UE panel can be assumed in 38.214 as

· “When the higher layer parameter SRS-SetUse is set to 'BeamManagement', only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant. The SRS resources in different SRS resource sets can be transmitted simultaneously.”
[FL note] Observations on Rel-15 specification:

· for SRS with usage=‘BM’, each (out of multiple) SRS resource set may correspond to a UE TX panel, so that panel-specific SRS transmissions for BM with per-panel power control are applicable.

· for SRS with usage=‘CB’ or ‘non-CB’, only one SRS resource set can be configured to a UE while UL Tx power is controlled per SRS resource set in Rel-15, so that dynamic panel-selective PUSCH transmission with per-panel power control may not be applicable.

Therefore, the proposal below captured from multiple Tdocs seems a natural way forward on top of Rel-15 to answer the question on “specification implications of multiple UL Tx panel/beam support”.

Supporting companies (including support in principle) on the proposal below are found as

· LGE[7], AT&T[13], InterDigital[19], DOCOMO[21], Xiaomi[22], Qualcomm[26], Nokia, Nokia Shanghai Bell[27]

Proposal 2: Replaced by Issue#B(Proposal#B) above.

· 
Companies’ inputs/comments (if any):

	HW/HiSi
	In our understanding, the text captured in Chairman’s notes in RAN1#94b quoted above is not official guidance and RAN1 has not agreed on studying multiple UL Tx panel/beam indication in Rel-16.
We noticed that it is proposed in R1-1812468 to remove the following statement from Rel-15 specs.

‘The SRS resources in different SRS resource sets can be transmitted simultaneously.’
If this change is accepted, we will need to discuss further to align our understanding on what is supported in Rel-15. 

We also noticed that it is proposed in R1-1813398 to conclude that UE will apply a single spatial filter on any given symbol in Rel-15. This may also have some impacts on what is supported in Rel-15.
In addition, RAN4 indicated in LS R4-1808542 that UE may turn off panels to save power and 2~3ms will be needed for activating one UE panel. With this input, one question for the proposal above is - Is it assumed here that with multiple SRS resource sets configured, UE should have at least the same number of panels being kept in active status and be ready to be switched among them, as CB/NCB-based UL transmission can be dynamically indicated by DCI? Or, is it assumed here that sufficient time will be given to UE to activate an Tx panel and the previous beam training result on this panel is still considered as valid?

	vivo
	SRS for ‘BM’ is enough to be associated with different panels, why would it be necessary to associate SRS for other purposes also with panels? 

	Intel
	To configure multiple sets could be OK, but this should not be related to UE panels. Instead multi-sets can be used for different time domain behaviour. We think one way is to use spatial-relation info to identify UE panels.

	Ericsson
	Multiple SRS resource sets for beam management should be enough to enable multi-panel beam selection. Introducing multiple SRS resource sets to control PUSCH power seems far fetched. 

	ZTE
	Support.

Taking into account we do not have one clear definition of panel, the following part should be supported for describing panel.

· For UL panel

· Different UL RS resources, which have different spatial relations and are associated with one panel, can NOT be transmitted simultaneously. 

· Different UL RS resources associated with different panels can be transmitted simultaneously. 

Besides, the wording of “panel” may be replaced by “antenna group” as general description in the spec.

In addition, it is beneficial to support panel identification for association between UL panel and DL panel so that the network and UE have the common understanding on the beam correspondence depending on the used panel(s).

	Nokia
	Support in principle. 
One “panel” could be associated to multiple sets to support different time domain behaviour for the resources associated to the same panel. 

Spatial relation info for the SRS resource for CB/NCB can also be a DL RS. If the SRS resources are grouped into panel specific sets, gNB would be able to provide panel indication when configuring spatial relation info (also when DL RS is spatial source) for the SRS resource for CB/NCB. In other words, when the gNB configures spatial relation info for certain SRS resource the panel selection would be determined based on the SRS resource set the resource belongs to. 

	Lenovo/Motorola Mobility
	Multiple SRS resource sets can be defined to correspond to multiple UE panels. It appears it is not necessary to define panel specific information.

	Apple
	Agree with Intel and Nokia that using a physically defined panel in the study would limit UE implementation. It would inevitably lead to UE capability related design (like switching time). It would be more flexible to distinguish simultaneously operable elements by time domain behaviour based definition.  

	CATT
	In general, we are fine with the proposed functionality itself, but it should not be restricted to be for multi-panel transmission. For instance it could be used for overhead/delay reduction. A proposed rewording is as follows:

Proposal 2: In Rel-16, multiple SRS resource sets can be configured to a UE for both CB based UL and non-CB based UL, where a different SRS resource set corresponds to a different UE Tx panel if the UE has multiple Tx panels.  
· The maximum number of SRS resource sets that a UE supports is a UE capability.



	OPPO
	Multiple SRS resource sets can be configured for BM. But for Codebook-based or nono-codebook based UL MIMO, single SRS resource set can also achieve the purpose of panel selection. 

	Docomo
	Support

	Sony
	Agree with vivo that single SRS resource set for ‘CB/NCB’ can support multi-panel/beam operation for PUSCH in Rel.15 in a non-simultaneous way. We don’t think it’s necessary to associated SRS resource sets for ‘CB/NCB’ with panels in Rel.16, unless sufficient gain or benefits can be identified via evaluations.  

	Samsung
	From spec perspective, this should be sufficient: “In Rel-16, multiple SRS resource sets can be configured to a UE for both CB based UL and non-CB based UL”. How multiple SRS resource sets are used (e.g. for multi-panel transmission,) is an implementation issue.

	MediaTek 
	Support configuring multiple SRS resource sets only for non-CB UL. However, associating SRS resource set should not be associated with any specific UE Tx panel.

	AT&T
	We support an indication of a group of beams that can be for example an identification of a UE selected panel 

	Fraunhofer IIS
	Agree with vivo and Sony that an association between panels and SRS resource sets may not be necessary for CB/NCB SRS usage.

	CEWiT, IITM, IITH,   Tejas
	Support in principle.  
Instead of word TX panel “each SRS resource set can be corresponding to different UE Tx panel/antennas groups” would be better wording. 

	Qualcomm
	Support Proposal 2. It is also consistent with R15, where SRS resources from different SRS resource sets for BM can be transmitted simultaneously


Other issues commonly mentioned by multiple companies for further discussion/investigation include:
· Extending power/timing control mechanisms (to be panel-specific) to enable efficient switching/indication among multiple UE panels [1], [2], [3], [7], [26]
· Extending the number of SRS resource or SRS resource set for codebook and non-codebook based UL transmission (e.g., if UE has multiple panels) [1], [4], [7], [8], [27]
· UE antenna group(/panel) activation or deactivation mechanism [1], [2], [12]
· Multi-panel/beam transmission of PUCCH [3], [7]
Companies’ inputs/comments (if any):

	ZTE
	Regarding the first bullet of power control mechanism, taking into account that many companies support this, one high level proposal on “supporting panel-specific UL power control”  can be considered as a starting point for  enhancements of power control dedicated to multi-beam UL operation. 

Recommended proposal:

In Rel-16, panel-specific UL power control is supported for supporting UL multi-beam/panel operation.


	Lenovo/Motorola Mobility
	We should first study how much support R15 spec already provides for multi-panel transmission by using R15 SRS resource/resource set definition. 

	Samsung
	Re “panel-specific” PC or TA, the support for multiple SRS resource sets should first be agreed before these issues can be discussed. 

	Qualcomm
	Support panel-specific power control to handle different path loss between panels

	
	

	
	


3. Overhead and latency reduction on Rel-15 UL transmit beam selection
Based on reviewing the submitted Tdocs shown in Section 6, the following issues and proposals are summarized for efficient offline/online discussions, where in general a single company proposal has not been prioritized. Note the relevant issues and proposals can be updated, added, or removed, depending on the discussions.

Issue#3: Regarding explicit configuration of UL BM procedures
In Tdoc [4], U-3 procedure which allows UE local TX beam sweeping around indicated spatial relation information is proposed. In Tdoc [7], it is suggested that U-3 procedure for UE full Tx beam sweeping procedure should also be explicitly supported at least for initial UL BM. Considering that Rel-15 specification relies on UE implementation regarding this Tx beam sweeping behavior, the following proposal also taking U-2 into account can be considered for UL BM enhancement in Rel-16 in terms of overhead and latency reduction.

Supporting companies (including support in principle) on the proposal below are found as

· vivo[3], MediaTek[4], Intel[6], LGE[7], Apple[15]
Based on inputs on the original proposal, it seems that companies have different understanding on what is supported in Rel-15 and what is not supported in Rel-15 from UL beam management point of view. For the progress of Rel-16, it would be helpful to clarify that point first. Given the fact CR(s) on clarifying UE Tx beam sweeping behavior and counting the number of Tx/Rx beam switches are still under discussion in Rel-15 maintenance, FL’s suggestion is to hold this discussion until those issues are resolved. 
FL’s suggestion: Discussion on the enhancement on SRS beam sweeping/repetition needs to be resumed after stabilizing Rel-15 UL BM related maintenance issues.  
Companies’ inputs/comments (if any):

	HW/HiSi
	It seems a bit hasty to support these three enhancements immediately, and we prefer to see evaluation results before agreeing on them. 
Regarding the 1st sub-bullet, similar idea has been discussed in Rel-15. The inclusion of a set-level RRC parameter, i.e., Apply_Same_SpatialFilter_Mult-SRS-Resource, can be a starting point for further discussions. 

Regarding the 2nd sub-bullet, we are not sure whether we can really mandate UE to apply a different Tx beam for each resource, as the UE may not even have so many different Tx beams. 

Regarding the 3rd sub-bullet, what is the definition of ‘slightly’??

	vivo
	Support the proposal from FL


	Intel
	To indicate local beam search is one way to reduce BM latency. But it looks the first two sub-bullets have already been supported in Rel-15?

	Ericsson
	In our understanding, the two first sub-bullets are already supported in Rel-15. The third sub-bullet may sound attractive, but we fail to see how the NW would know that a local beam sweep and not a global beam sweep is needed. Without that possibility on the NW side, the value of the functionality is questionable.

	ZTE
	We share the same views with Intel. Repetition ON/OFF has been supported for UL beam management in Rel-15, through configuring with or without spatial relation info, i.e., bullet-1&2; but supporting a mechanism of local beam sweeping for beam refinement around one reference beam is still an open issue. Consequently, we need to focus on the bullet-3 only.

Meanwhile, taking into account panel-specific beam management, we need have one sub-bullet of supporting association between one SRS resource set and one group/panel ID.

Recommended proposal:

· In Rel-16, a QCL-like information is applied to different SRS resources in the set, but with slightly different beamforming directions (as U-3 with local Tx beam sweeping)

· One SRS resource set can be associated with one group/panel ID.
· FFS: the group/panel ID can be represent by one DL/UL resource set ID


	Nokia
	We share the view with Ericsson. In addition, how to define (and guarantee) “local” is not clear. 

	Lenovo/Motorola Mobility
	Agree with Ericsson. Bullet 3 needs further discussion. 

	Apple
	For bullet-3, the exact Tx beams for a UE to sweep regarding a reference RS should be UE implementation specific, similar to QCL implementation as mentioned to ZTE. It is the UE’s responsibility to effectively exploit the beam sweep opportunity (similar to the P3 situation). There is no need to quantitatively define this behaviour but certain high level guidance can be discussed. To make room for further discussions, we suggest to start the discussion as below:
· A spatial relation is applied to different SRS resources in the set, but with slightly different beamforming directions (as U-3 with local Tx beam sweeping)
There would be various methods for NW to make decision on the scope of UE Tx beam sweep, which can be further discussed.

	CATT
	Similar views as Ericsson.

	OPPO
	It is a better way to discuss whether or not some specific scheme(s) can be supported, rather than a general concept “local beam sweeping” since this topic was discussed during several meetings in Rel-15.

	Sony
	Agee with Intel that the first two sub-bullets are already supported in Rel.15, if gNB configures properly and UEs behave accordingly. For the 3rd sub-bullet, we better not to put limitations on what belongs to UE implementations, not to mention that ‘slightly’ seems like unclear indication for UE to follow. 

	Samsung
	Agree with Ericsson, Nokia, and Motorola

	MediaTek
	Agree with Ericsson, R15 already supports the first two sub-bullets. For the 3rd sub-bullet, we agree that avoiding full beam seeping in some scenarios is one way to reduce latency from UL BM. However, the definitions of “slightly different beamforming directions” and “local beam sweeping” should be further clarified. Moreover, it should be further discussed how NW knows that a local beam sweep rather than a full beam sweep is needed for UE, and how NW knows that the level of local beam sweeping can be applied.

	Fraunhofer IIS
	Agree with Ericsson. We do not see how the network would ascertain the requirement for a local or a global beam sweep. The spatial Tx filter decision for SRS resources without spatialRelationInfo configuration can be left to UE implementation.

	Qualcomm
	Support gNB guided U-3, where beam sweep range is indicated by gNB to avoid unnecessary interference in un-controlled U-3, e.g. by UE full Tx beam sweep 

	
	


Other issues commonly mentioned by multiple companies for further discussion/investigation include:
· Supporting UL beam indication by CRI/SSBRI in DCI [3], [16]
· Supporting a metric indicating possible power offset for the Tx beam to address safety emission limits [6], [27]
· Increasing the max number of configured spatial relations for PUCCH (e.g., to 64) [20], [27]

· Introducing the possibility to use a CORESET when configuring a spatial relation (e.g., for PUCCH) [20], [26]

· PUCCH repetition/selection across multiple beams [7], [26]

· Simultaneous spatial relation update for all PUCCH resources to reduce signaling [20], [27]
Based on offline session during RAN1#95, the following offline agreement has been reached to be confirmed in online session.
Offline agreement: 
· Regarding issues on UL transmission limited by MPE (Maximum Permissible Exposure),

· RAN1 discussed that, due to human safety reasons, a UE may not be able to transmit in certain directions, or alternatively the maximum Tx power is limited in certain directions. Consequently, when the DL beam traverses the human body, the best UL direction may not correspond to the best DL beam.

· Down-select among the three alternatives.
· Alt.1: RAN1 to study mechanism(s) to properly handle issues on UL beam/panel selection limited by MPE (Maximum Permissible Exposure).

· Note: This mechanism may or may not be implementation-based or existing Rel-15 specification based, which will be further studied.

· Supported by Nokia/NSB, Qualcomm, Intel, LGE, Ericsson, Convida Wireless, Apple, DOCOMO, AT&T, Sony, Samsung

· Alt.2: Send an LS to RAN4 asking RAN4’s understanding and existing works (if any) on issues for UL transmission limited by MPE (Maximum Permissible Exposure) and whether additional mechanisms are needed to address the issues.
· Supported by Huawei/HiSilicon, CATT, ZTE/Sanechips, vivo, OPPO, Spreadtrum, 

· Alt.3: Agree on both Alt.1 and Alt.2

· Supported by vivo, AT&T, Nokia/NSB

Companies’ inputs/comments (if any):

	ZTE
	Suggest that the mechanism of saving RRC/MAC-CE overhead can be discussed later after the mechanisms of supporting multi-beam operation have been discussed clearly.

	Apple
	Sub-bullet 5 study should include both PUCCH and PUSCH, where PUSCH may be benefited more than PUCCH from beam sweeping.

	Qualcomm
	Support the 3rd, 4th, 5th, 6th proposals for overhead reduction

	
	

	
	

	
	


4. Overhead and latency reduction on Rel-15 DL transmit beam selection
Based on reviewing the submitted Tdocs shown in Section 6, the following issues and proposals are summarized for efficient offline/online discussions, where in general a single company proposal has not been prioritized. Note the relevant issues and proposals can be updated, added, or removed, depending on the discussions.

Issue#4: Event-based beam reporting
In Tdoc [26], it is explained that BFR in Rel-15 is triggered when all the beams in the failure detection set fall below a threshold within a timer duration. Instead of waiting till all the beams in the failure detection set fall below a threshold, it is beneficial to look at early indication to the gNB based on L1 events in a subset of the monitored beams. This can enable the gNB to proactively switch to better TCI states ahead of a full beam failure. Using L1-event triggered beam switching, the issue of limited link utilization during the time-consuming Rel-15 BFR procedure can be mitigated.
Supporting companies (including support in principle) on the proposal below are found as

· vivo[3], Apple[15], Spreadtrum[17], Xiaomi[22], Qualcomm[26]
Based on the inputs on the original proposal on supporting L1 event trigger-based reporting for fast beam selection, it seems no clear majority on the number of supporting/no-supporting companies. And, three companies commented that this item may have some overlap with BFR on Scell. In FL’s understanding, if at least one of the CORESETs is still in a good condition, it does not belong to the event called “beam failure” so that this is a separated issue from BFR although the solution may have some commonality in the end. Based on above understanding, original proposal is revised as follows taking companies’ comments into accounts:

Proposal 4: Continue discussions and evaluate benefits of supporting L1 event trigger-based reporting for fast beam selection, in terms of latency and overhead reduction. 

· Note: it is not related to BFR, but in the category of beam reporting.

· FFS the detailed events, configurations including resources for reporting, reporting contents/behaviors.
Companies’ inputs/comments (if any):

	HW/HiSi
	Partial beam failure and event-based beam reporting have been discussed in Rel-15. In Rel-16, careful studies on the issues raised in Rel-15 discussions and solid evaluation results, for example, the possible gains with event-based reporting, are needed before any conclusion can be reached. So, we don’t support the proposal above at this point. 

	Vivo
	Supports the proposal from the FL.

	Intel
	One quick question, is this proposal to enhance BFR or enhance beam reporting? The sub-bullet seems to be for beam reporting, but the main bullet is for beam recovery?

	Ericssn
	Don’t support the proposal. Experience from event-driven L3 reporting has shown that the mechanism leads to conservative performance, which is not desirable for beam management. Also, it will only work for periodic reference signals.

	ZTE
	This seems to be (partially) overlapped with PUCCH based Scell bean recovery.  We suggest to discuss this after Scell recovery enhancement is clearer. 

	Nokia
	Same view as ZTE.

	Apple
	We agree with the FL that this proposal would benefit UE  to reduce beam reporting overhead and provide better quality of beamforming. It is clearly different from BFR and should be studied independently. 

	CATT
	Don’t support the proposal. 

	Docomo
	Not sure how much the latency is reduced by this proposal.

	Sony
	Support the proposal of FL in principle. 

	Samsung
	Agree with Huawei and Ericsson. The benefit of partial BFR (or alike) is questionable since it tends to fall in between BFR and beam reporting/measurement. Perhaps some solid analysis –rather than some heuristic reasoning – is needed 

	MediaTek
	Agree with Samsung.

	AT&T
	Support of UE triggered BM for overhead reduction. Also support of partial beam failure recovery indication on PUCCH. We believe however that these are two issues that can be decoupled. 

	Qualcomm
	Support Proposal 4, which reduces the chance of full beam failure recovery

	
	


Issue#5: Supporting sub-time unit for BM RS shorter than 1 symbol
In Tdoc [3], it is explained that, as the number of antennas increases, the gNB will have to configure a large number of RS for beam training, which will cause large overhead. In Rel-16, sub-time unit shorter than 1 OFDM symbol in a reference numerology can be considered to reduce beam switch time and refinement latency. Some of the potential solutions can be further evaluated, e.g. IFDMA, larger subcarrier spacing.
Supporting companies (including support in principle) on the proposal below are found as

· vivo[3], Intel[6]
Based on initial inputs on this approach, it is shown that the number of negative companies are greater than the number of supportive companies. Given the fact that IFDMA based CSI-RS design has been intensively discussed in Rel-15, FL’s recommendation is to decide on whether or not to support this no later than the next meeting. 
During RAN1#95 meeting, an offline agreement as follows has been reached to be confirmed in online session.
Offline 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.

· Supported by vivo, Intel
· Alt.2: No support of sub-time unit for beam management RS shorter than 1 OFDM symbol.

· Supported by Huawei/HiSilcon, Nokia/NSB, Ericsson, OPPO, ZTE/sanechips,  Qualcomm, Convida Wireless, LGE, InterDigital, DOCOMO

Companies’ inputs/comments (if any):

	HW/HiSi
	Sub-TU beam sweeping has been extensively discussed in Rel-15. Actually, the same high-level agreement has been made in Rel-15 discussion, but no further progress can be made at that time. In Rel-16, before agreeing on such high-level principle again, careful studies on the issues raised in Rel-15 discussions and solid quantitative comparisons are needed to make real progress. We prefer to see detailed analysis on potential gains over Rel-15 design, complexities introduced by mixed numerologies for BM RS and other channels/RSs, as well as hardware challenges such as shorter CP for beam switching. So, we don’t support the proposal above at this point.

	Intel
	Suggest to change proposal a little bit to narrow down the scope. Current CSI-RS supports IFDMA structure and some simple control signalling enhancement could help to support this overhead and latency reduction scheme.
“In Rel-16, NR supports IFDMA based sub-time unit for beam management CSI-RS RS shorter than 1 OFDM symbol in a reference numerology”

	Ericsson
	As remarked by Huawei, sub-TU RSs have been extensively discussed in Rel-15. As such signals were not introduced in the end, the BM framework in Rel-15 was designed without such signals, leading to design choices in e.g. signalling. Before re-opening discussion, it is necessary to see how sub-TU RSs fits into the whole framework.

	ZTE
	Interesting, but we need to evaluate the specification impact and backward compatibility. 

	Nokia
	Same view as HW/HiSi.

	Apple
	It is an interesting proposal but need better understanding on the scope of spec change.

	CATT
	Same view as HW and Nokia. 

	OPPO
	Share the same view as HW

	Docomo
	Same view as HW.

	Sony
	Support with further refined wording from Intel.

	Samsung
	Agree with Huawei and Ericsson

	CEWiT
	Support in Principle, but need to discuss the specification impact further

	Qualcomm
	BM RS with sub-time unit may need further study for performance

	
	


Other issues commonly mentioned by multiple companies for further discussion/investigation include:
· UE antenna port/group-specific DL beam measurement/group-based beam reporting [2], [6]
· Extending TCI-state candidates to include SRS ID as a spatial source for DL RS [16], [18], [27]
· Ways to facilitate autonomous updates of the QCL associations in the UE (e.g., for updating PDCCH beam) [20], [21]

· BM reporting during initial access procedure (e.g., via Msg3) [22], [26]

Among different proposals, [2] and [6] propose enhancements on Rel-15 beam group reporting. Given the fact that group-based beam reporting has been intensively discussed in Rel-15, it would be helpful if we can decide on whether or not enhancing existing beam-group reporting is beneficial in the next meeting. 
Proposal 6: Down-select one of the following alternatives in RAN1#AH-1901

· Alt.1: No enhancement on Rel-15 group-based beam reporting.
· Alt.2: Enhancement on Rel-15 group-based beam reporting is supported at least by supporting more Tx beams and/or more groups to be reported compared to Rel-15. 
· FFS on other aspects related to the enhancement 
Companies’ inputs/comments (if any):

	ZTE
	The group-based reporting is important for supporting DL multi-beam operation and saving the overhead of DL/UL beam selection for support this target, and the first bullet should be discussed with higher priority.

	Docomo

	It is important to study how to reduce the latency of beam selection of PDCCH. In MAC CE based beam selection in Rel. 15, if gNB wants to change TCI state of PDCCH, the gNB requires to transmit PDCCH with old TCI state to transmit MAC CE. We should focus on this issue.

	Samsung
	The 2nd bullet (extending TCI … SRS …) is beneficial for reducing beam selection/indication latency when beam correspondence holds. 

	AT&T
	Support BM reporting due initial access procedure via Msg. 3

	
	

	
	


5. Observations@RAN1#95 and guidance by FL for next meeting

Observations:

In this agenda, proposed solutions/approaches are quite diverging. For a progress, it may be helpful to categorize issues/solutions, where 

· 1st category includes approaches that has been studied/discussed in Rel-15 sufficiently or belong to a simple extension of existing feature so that further study may not be needed for deciding “support or no support”.

· 2nd category includes approaches that needs to be further study in terms of performance benefit, specification impacts, etc. 

1st category (which has been studied/discussed in Rel-15 sufficiently or is a simple extension of Rel-15)

· (Section 2) Extending the number of SRS resource or SRS resource set for codebook and non-codebook based UL transmission (e.g., if UE has multiple panels) [1], [4], [7], [8], [27]

· (Section 3) Increasing the max number of configured spatial relations for PUCCH (e.g., to 64) [20], [27]
· (Section 3) Simultaneous spatial relation update for all PUCCH resources to reduce signaling [20], [27]
· (Section 4) Supporting sub-time unit for BM RS shorter than 1 symbol [3], [6]

· (Section 4) UE antenna port/group-specific DL beam measurement/group-based beam reporting [2], [6]
2nd category (which needs further study in terms of performance benefit, specification impacts, etc.)

· (Section 2) Supporting simultaneous multi-panel UL transmission for PUSCH (if confirmed as in the scope of the current WID – See Issue#B and Issue#1 below) [2], [3], [7], [11], [16], [17], [21], [22], [25], [26], [27]
· (Section 2) Extending power/timing control mechanisms (to be panel-specific) to enable efficient switching/indication among multiple UE panels [1], [2], [3], [7], [26]
· (Section 2) UE antenna group(/panel) activation or deactivation mechanism [1], [2], [12]
· (Section 2) Multi-panel/beam transmission of PUCCH [3], [7]
· (Section 3) Supporting UL beam indication by CRI/SSBRI in DCI [3], [16]
· (Section 3) Introducing the possibility to use a CORESET when configuring a spatial relation (e.g., for PUCCH) [20], [26]
· (Section 3) Regarding explicit configuration of UL BM procedures [3], [4], [6], [7], [15]

· (Section 3) Supporting a metric indicating possible power offset for the Tx beam to address safety emission limits [6], [27]
· (Section 3) PUCCH repetition/selection across multiple beams [7], [26]
· (Section 4) Extending TCI-state candidates to include SRS ID as a spatial source for DL RS [16], [18], [27]
· (Section 4) Ways to facilitate autonomous updates of the QCL associations in the UE (e.g., for updating PDCCH beam) [20], [21]
· (Section 4) L1 event trigger-based reporting for fast beam selection [3], [15], [17], [22], [26]
· (Section 4) BM reporting during initial access procedure (e.g., via Msg3) [22], [26]
Proposed conclusion (from FL): Companies are encouraged to show their views as much as possible on the following in the next meeting:

· For the items in 1st category

· Preference on support/no support, and detailed solution for those who support

· For the items in 2nd category

· Evaluate performance of each item (based on each company’s preference on topics)

· Possible solutions and potential specification impacts for those who support
· Note: In the next meeting, FL’s guidance is to decide “support or no support” for those items in 1st category. For items in 2nd category, results of performance evaluation/analysis will be gathered so that possible observations/conclusions/agreements are to be made. 
· Note: Other possible issues/proposals commonly supported by multiple companies are not precluded.

6. Proposals in Tdoc

[1] R1-1812244
Enhancements on multi-beam operation
Huawei, HiSilicon
Proposal 3: The selection of UE UL panel used for SRS transmission configured for UL beam management and UL transmission should be indicated to UE.

Proposal 4: Consider to extend power/timing control mechanisms to enable efficient switching between multiple UE panels.
Proposal 6: Support configuring up to 64 candidate beams by RRC signalling and then using MAC-CE message to choose a subset as active resources for new beam identification in Rel-16.
R1-1813559:
Proposal 1: For both UL beam management and UL transmission, the selected panel for SRS transmission should be indicated to UE.

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

Proposal 3: Consider to extend power/timing control mechanisms to enable efficient switching between multiple UE panels. 

Proposal 4: The knowledge of UL panel on/off/switch should be fully aligned between gNB and UE with implicit or explicit mechanism in Rel-16.

Proposal 5: Consider how to support panel-specific UL sounding resource and procedure in Rel-16 in order to facilitate panel-specific beam selection/transmission, starting from SRS resource set defined in Rel-15.
R1-1813558:
Proposal 1: 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 2: Study beam selection rules with more explicit reflection of the purpose of beam training to reduce latency/overhead of BM in Rel-16. 

Proposal 3: DMRS based beam management should be considered to reduce latency and overhead in Rel-16.
[2] R1-1812257
Enhancements on Multi-beam Operation
ZTE
Proposal 1: Support the following definition of “DL panel” and “UL panel”.
· For DL panel

· Different DL RS resources, which have different spatial QCL assumption and are associated with one same panel, can NOT be received simultaneously; 

· Different DL RS resources, which is associated with different panels, can be received simultaneously. 

· For UL panel
· Different UL RS resources, which have different spatial relations and are associated with one panel, can NOT be transmitted simultaneously. 

· Different UL RS resources associated with different panels can be transmitted simultaneously. 

· Specify panel identification to support association between UL panel and DL panel.
Proposal 2: 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 group/panel ID.
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 besides spatial relation info.

· FFS: non-codebook based PUSCH transmission.
Proposal 4:  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 5:  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 6:  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 pros and cons of Alt1 and Alt2 in multi-panel and multi-TRP case, and subsequently making down-selection or merging accordingly.  
· Study to enhance group based beam reporting considering criteria related to spatial multiplexing. 
Proposal 7:  Aperiodic beam measurement/reporting based on multiple resource sets should be considered for Rel-16 enhancement.  

Proposal 8:  For DL beam indication for multi-beam operation, the Rel-15 agreed framework of supporting one TCI states associating with one or more RS sets should be considered as working assumption for a starting point. 

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

· Study how to save TRS overhead considering the flexibility of beam indication and demodulation performance of PDSCH.
· Study lower latency beam indication and its performance gain
R1-1812260:
Proposal: For group based beam reporting, support 8 beam groups in Rel-16.  
· FFS on more reported groups or beams. 
R1-1812262:

Proposal-1: Panel specific power control should be supported in Rel-16.
Proposal-2: Both ideal backhaul and non-ideal backhaul should be considered for multi-TRP power control in Rel-16.

Proposal-3: Simultaneous transmission of UL channels/signals should be considered for power control in Rel-16.

[3] R1-1812324
Discussion on enhancements 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.

Proposal 2:
· Overhead reduction for signaling of beam indication RS and pathloss reference RS can be considered.

Proposal 3:

· In Rel-16, NR support sub-time unit for beam management RS shorter than 1 OFDM symbol in a reference numerology.
Proposal 4:

· Support the functionality of aligning the gNB’s and UE’s understanding on the panel used for DL beam measurement.  

Proposal 5:

· The event based beam reporting is supported in NR for overhead reduction.

Proposal 6:

·  Support CSI-RS resource set index being reported for beam reporting.

Proposal 7:

· Support SRS resource for beam management being used for UL grant.

· Support UL beam indication by CRI/SSBRI in DCI 
Proposal 8:
·  UL multi-panel transmission discussion in Rel-16 should at least include the following issues:

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

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

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

· Simultaneous transmission of multiple UL channels/RS

· Power control of multi-panel transmission
Proposal 9:
· Multi-panel/multi-beam transmission of SRS resource with per panel/beam selection should be firstly discussed to facilitate discussion of other issues. 
Proposal 10:

· For SRS for beam management, NR support UL local beam sweeping by flexible configuration for SRS based on UE capability to reduce UL beam refinement overhead.

Proposal 11: 

· 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 12: 

· Support to associate multiple SRS resources with a single PUCCH resource to enable multi-panel PUCCH transmission. 
Proposal 13:
· For UL multi-panel/multi-beam simultaneous transmission, at least the following power control related aspects should be studied,

· Power control parameters configuration

· Close loop power control TPC indication 

· Power limit when  same or different channels are transmitted simultaneously 
· Priority rules for multi-panel/multi-beam simultaneous transmission power exceed the maximum transmission power of UE.

R1-1812328:
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 PUSCH

· Power control related issues
· Association of PDCP duplicated packets to different TRPs

Proposal 3: Different TRPs should be differentiated at the PHY or higher layers.

· CORESET ID could be used to differentiate different TRPs

· 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] R1-1812350
Enhancements on Multi-beam operations
MediaTek Inc.
Proposal 1: to extend QCL indication to include multiple RS sets, study and down-select from the following alternatives: 1) extend TCI state configuration to accommodate multiple RS sets, 2) combine multiple TCI states and map them to a single DCI code point, 3) increase corresponding DCI bit field to include multiple TCI states.
Proposal 2: to support multi-panel UL MIMO transmission, consider to increase either the number of SRS resource sets or the number of SRS resources in a “codeBook" SRS resource set.
Proposal 4: U-3 procedure which allows UE local TX beam sweeping around an indicated spatial relation information is supported for reducing UL beam training overhead.
[5] R1-1812416
Discussion on beam failure recovery for SCell
Fujitsu
[6] R1-1812507
On beam management enhancement

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

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

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

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

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

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

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

[7] R1-1812582
Discussion on multi-beam based operations and enhancements
LG Electronics
Proposal 1: For UE multi-panel modeling, consider heterogeneous antenna array configuration per panel, in addition to existing bi-directional two panel and cube-type four panel antenna modeling.

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

-
Panel selection based transmission

-
Synchronous transmission over multiple panels

-
Asynchronous transmission over multiple panels

Proposal 3: Support simultaneous UL multi-panel transmission 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 4: Potential enhancements for NCB-UL in terms of supporting multi-beam operations need to be considered, including an extension to configure multiple SRS resource sets with relation to UL scheduling grant, considerations on UL Tx panel switching cases, and related UE capability reporting issues.

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

Proposal 6: Mechanisms for improving robustness of PUCCH beam management need to be considered, including PUCCH beam sweeping and multi-beam PUCCH transmissions.

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

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

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

[8] R1-1812636
Enhancement on multi-beam operation
CATT
· Latency and overhead reduction

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

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

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

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

· 1-bit SRI points to a SRS resource in the latest SRS resource set.

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

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

· Consider allowing PRACH from initial access as a source of UL Tx beam for PUSCH, at least in the early stage after RRC connection. 
· Per-panel beam selection

· The performance gain of standard-non-transparent multi-panel JT needs to be studied. 

[9] R1-1812646
Discussion on Beam Failure Recovery
NEC
[10] R1-1812748
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: The network should gather UE side panel information for multi-beam operation.

Proposal 6: For multi-beam operation in FR2, NR supports the multi-beam indication for PDSCH by extending the TCI index field in DCI. 

Proposal 7: It is proposed that companies study most efficient method for a UE to gain access to the polarization properties of the gNB beams.

[11] R1-1812785
Discussion of multi-beam operation

Lenovo, Motorola Mobility
Proposal 1: Extend the Release 15 beam indication scheme with multiple TCI states or SRI fields for multi-beam operations. 

Proposal 2: Reuse the QCL relationship defined in Release 15.
R1-1812783:

Proposal 1: 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 2: 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 3: Two separated TPMI should be contained in the UL grant to schedule a two coddeword based PUSCH transmission.

[12] R1-1812837
Discussion on Multi-beam Operation Enhancement
OPPO
Proposal 1: Study the relevant scenario(s) and determine whether the activation command of MAC CE can be avoided in the identified scenario(s) for the dynamic beam indication of PDSCH in order to reduce the signaling overhead and latency.

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

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

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

Proposal 4: For UE with multiple Tx panels, PUSCH from single panel is the starting point

· Study and, if needed, specify the mechanisms for PUSCH from multiple panels.

Proposal 5: If PUSCH from multiple panels is specified, this feature should be reported as an optional UE capability.

Proposal 6: For UE with multiple Tx panels, study and specify the beam indication signaling for PUSCH transmitted from one or multiple panels.

Proposal 7: For UE with multiple Tx panels, study and determine whether or not there are some issues regarding timing advance based on solid evaluations.

[13] R1-1812868
Enhancements on multi-beam operation
AT&T
Proposal 1:  An indication of the selected group of beams at the UE, e.g. selected panel(s), should be supported 

[14] R1-1812888
Enhancements on Multi-beam Operation
CMCC
[15] R1-1812921
Considerations on beam measurement and reporting enhancement
Apple Inc.
Proposal 1: NR to support UE event based aperiodic beam measurement reporting.

FFS: the detailed events and configurations

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

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

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

Proposal 4: NR to support UE request for the preferred configuration of periodic and aperiodic beam measurement/reporting

Proposal 5: NR to configure multiple SRS resources with different Tx beams corresponding to a same reference RS (e.g. SSB, CSIRS or SRS).

Proposal 6: NR to study configure multiple transmit/receive beams with uplink and downlink slot aggregation

Proposal 7: Indication of multi-beam operation shall be transparent to UE hardware implementation, minimizing the requirement for a UE to reveal details about antenna hardware information.

[16] R1-1813004
Enhancements on multi-beam operation
Samsung
· DL/UL beam indication with reduced latency/overhead:
1. Revisit Rel.15 features and assess possible reduction in reconfiguration signaling requirement for DL/UL beam indication (for data and control channels)  
· Streamline options/states (e.g. the number of CSI-RS resources, QCL associations) defined in RRC and/or use L1 control signaling instead
2. Introduce the use of SRS for aiding DL beam indication by including SRS resource ID in TCI state definition
3. Support DCI format 0_0 for any SCell in FR2. 
· UL beam indication for multi-panel UE: Introduce the following features: 
1. 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
2. Mechanism to support multiple UL TX beam indication such as multiple SRI fields (or at least some extension of the existing SRI field) or multiple UL-TCI fields 
[17] R1-1813067
Discussion on multi-beam operation

Spreadtrum Communications
Proposal 1: study event triggered beam reporting where partial beam failure happen
-FFS: the detailed mechanism for partial beam failure event, e.g., reporting content, resources for reporting
Proposal 2: Support multiple beams/panels simultaneous transmission.
[18] R1-1813132
Enhancements on UE multi-beam operation
Fraunhofer IIS, Fraunhofer HHI
Proposal 1: The use of available parameters for indicating UE ports/panels used for the reception of DL beams should be studied.

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.

[19] R1-1813240
On multi-beam operation enhancements 
InterDigital, Inc.
Proposal 1: Support UE assistant information to provide multi-panel capability related information for SRS configuration. 

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

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

Proposal 4: Study to support association between SRS resources and UE transmit panel for simultaneous transmission of multiple SRS resources.

[20] R1-1813267
Enhancements on Multi-beam Operation
Ericsson
Proposal 1
Increase the maximum number of configured spatial relations for PUCCH to 64.

Proposal 2
Introduce the possibility to update the spatial relation with MAC-CE also for aperiodic SRS resources.

Proposal 3
Introduce the possibility to use a CORESET when configuring a spatial relation.

Proposal 4
Support updating PUCCH/PUSCH spatial relation without RRC involvement.

Proposal 5
Study methods to update the QCL source of periodic TRS without using RRC.

Proposal 6
Introduce a semi-persistent TRS which can be configured with an SS/PBCH block as QCL source.

Proposal 7
Study ways to facilitate autonomous updates of the QCL associations in the UE.

Proposal 8
Study ways to configure several QCL sources for one RS.

Proposal 9
Do not introduce support of simultaneous transmission over multiple UE antenna panels.

R1-1813609:
Proposal 2
Enable simultaneous spatial relation update for all PUCCH resources to reduce signaling
[21] R1-1813334
Discussion on multi-beam enhancement
NTT DOCOMO, INC.
Proposal 3-1: 
· Low latency beam selection should be specified.
· Low signalling overhead beam selection should be specified.
Proposal 3-2: 
· UE can assume TCI state for PDSCH is the same as that for PDCCH at least for per CORESET for reducing signalling overhead and latency for TCI state of PDSCH.
Proposal 3-3: 
· For PDCCH beam selection, updates of the QCL assumption without explicit indication should be supported
Proposal 3-4: 
· 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.

Observation 4-1: 
· For the case of SRS based UL beam management, detailed mechanism to turn off panels with smaller gain should be further investigated.
Proposal 4-3: 
· UE should report the association between SRS resource and the UE’s Tx panel.
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.
[22] R1-1813340
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 support option 2 and option 3 for multiple UL beam indication.

[23] R1-1813344
Discussion on enhancements on multi-beam operation

ITRI
[24] R1-1813373
Non-codebook based UL transmission enhancement in Rel. 16
CEWiT
Proposal 1: Study the non-codebook enhancement for multi-beam operation with multiple panel in UE for Rel. 16
Proposal 2: To support multi-panel non-codebook based UL beam selection in UE,
Alt1: Configure multiple SRS resource sets in same slot with associated CSI-RS for each resource set
Alt 2: Configure multiple CSI-RS resource in same SRS resource set

Proposal 3: Both FR1 and FR2 should target same latency in UL/DL beam selection.
Proposal 4: For non-codebook based UL transmission, the delay between the updation of SRS precoder and reception of associated CSI-RS should be configurable, to reduce latency in UL beam selection. 
[25] R1-1813384
Views on multi-beam operation
Mitsubishi Electric Co.
Proposal 1: Support having group/panel/TRP ID for both DL and UL

Proposal 2: Support a mechanism to allows simultaneous multi-panel transmission

Proposal 3: Number of group IDs for both DL and UL shall be configurable, depending on distance between TRPs/panels or distance between TRPs/panels and UE

[26] R1-1813443
Enhancements on Multi-beam Operation
Qualcomm Incorporated
Proposal 4: NR shall enable mechanism to associate each SRS resource set with a panel for both ‘codebook’ and ‘noncodebook’ based PUSCH transmission. 

Proposal 5: 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 6: Enhancements to power control shall be specified for multi-panel to support asymmetric links.


 REF ULPanel2 \h  \* MERGEFORMAT 
Proposal 7: 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.  


 

Proposal 9: 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. 



 REF MultiTCI1 \h  \* MERGEFORMAT 
Proposal 10:  For enhanced reliability and robustness, support single DCI transmission over multiple TCI states



 REF MultiTCI2 \h  \* MERGEFORMAT 
Proposal 11: Study and specify PUCCH repetition/ selection across multiple beams for enhanced reliability and robustness



 REF MultiTCI3 \h  \* MERGEFORMAT 
Proposal 14 Study and specify multi-TCI transmission for data channels

Proposal 12: Enable beam report in Msg3 for improvement in latency and performance.  



 REF PBFR \h  \* MERGEFORMAT 
Proposal 13: Study and specify L1 event trigger-based report for fast beam selection.



 REF CDRX \h  \* MERGEFORMAT 
Proposal 14: Mechanisms to reduce latency in beam selection for CDRX operation shall be studied and specified.

[27] R1-1813490
Enhancements on Multi-beam Operation
Nokia, Nokia Shanghai Bell
Proposal 1: Support common spatial relation info configuration (RRC) and MAC activation command across all the PUCCH resource sets for PUCCH.
Proposal 2: Support max number of spatialRelationInfos to be 64 for uplink signals and channels for Rel16 UEs.
Proposal 3: Support determining spatial QCL source for e.g. CSI-RS for CSI acquisition, CSI for RLM, PUCCH and SRS for codebook/non-codebook from the activated TCI state of the certain CORESET when TCI state (downlink) or spatial relation info (uplink) is not explicitly configured for the resource.
Proposal 4: Support TCI-state specification to use of UL SRS resources as a spatial source for DL DMRS resource or any DL RS in Rel-16 NR.
Proposal 5: Text proposal to 3GPP TS 38.331 in Annex. A, required changes marked with green color.
Proposal 6: Consider mechanism(s) to have synchronized information between gNB and UE about UE’s panel usage both in downlink and uplink which can be utilized e.g. in downlink and uplink beam selection under gNB control.
Proposal 7: Support UE panel aware L1-RSRP reporting for beam management.
Proposal 8: Consider enhancements on beam reporting on DL RSs to provide information about which DL RSs are feasible to determine good uplink beams from achievable EIRP point of view.
Proposal 9: Associate SRS resource set for beam management to a UE panel.
Proposal 10: Increase the number of SRS resources within the SRS resource set and/or to increase the number of the SRS resource sets (non-codebook) to support both dynamic beam and panel selection for the multi-panel non-codebook based transmission.
Proposal 11: SRS resource for codebook based PUSCH transmission comprises antenna ports of one panel.
Proposal 12: Support gNB to signal multiple SRIs (and TPMI/TRIs) in the scheduling DCI for the codebook based PUSCH transmission.
Proposal 13: Increase the number of SRS resources within the SRS resource set and/or to increase the number of the SRS resource sets (codebook) to support both dynamic beam and panel selection for the multi-panel codebook based transmission.
[28] R1-1813575
Discussion on enhancements on multi-beam operation

ASUSTEK COMPUTER (SHANGHAI)

[29] R1-1813624
On Beam Failure Recovery for SCell
Convida Wireless
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