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1. Introduction
The Rel.16 MIMO WI has the following scope [1].
· 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 UL-only, where PCell can be operating on FR1 as well as FR2

· Specify measurement and reporting of either L1-RSRQ or L1-SINR
In this contribution we provide our views on these issues. 
2. UL Beam management with latency / overhead reduction
Rel.15 beam management is achieved through higher-level configuration of spatial relation information. Specifically, a UE can be configured with two types of SRS resources, one for uplink beam sweeping (i.e. configured as “BeamManagement”)  and one for CSI acquisition (i.e. configured as “Codebook” or “NonCodebook”). The first type of SRS may comprise multiple SRS resource sets to support per-panel beam sweeping and joint beam/panel selection. Once uplink beam training is complete, gNB can configure the selected SRS resource as “SpatialRelationInfo” for SRS for CSI acquisition. The selection of SRS resource hence serves as an implicit indicator of the selected panel/beam. Note that for CSI acquisition a UE can be configured with at most one SRS resource set comprising up to two SRS resources. Since “SpatialRelationInfo” can be independently configured, dynamic beam adaptation is limited to two beams. Switching to another set of two beams requires RRC reconfiguration, the main source of latency. 
Some high-level consideration on overhead/latency reduction can be summarized as following: 

· Avoid RRC reconfiguration, and shift beam selection to MAC-CE/L1-signaling.  

· Increase the number of SRS resources in the resource set for CSI acquisition, e.g. from 2 to 8. This will extend the number of dynamically selectable beams correspondingly. These SRS resources can be either lumped into a single SRS resource set, or divided into multiple SRS resource sets. The latter enables smaller overhead, as gNB can selectively trigger one SRS resource set at a time, as opposed to always triggering all SRS resources together. Naturally it also improves scheduling flexiblity.   
Proposal 1 Shift beam management SRS resource configuration from RRC-level to MAC-CE/L1 level, and increase the number of SRS resource set (for CSI) beyond one.  
In Rel.15 beam selection requires a separate MAC-CE for each PUCCH resource. To mitigate the MAC-CE overhead it was proposed that one MAC-CE could update beams for multiple PUCCH. Several candidates discussed in the last meeting are summarized below, where a MAC-CE can update all PUCCH resources on a CC, in a resource set, in a PUCCH group, or on a BWP. Overall, the two extreme cases are per-CC based updating and per-resource based updating, while all other options are halfway in between. Considering the specification complexity and practical use cases, per-CC based updating in Rel.16 seems sufficient. 
	Agreement

For signaling overhead reduction on updating/configuring spatial relation for PUCCH, support simultaneous spatial relation update/configuration for multiple PUCCH resources 

· FFS signaling details to be decided in next meeting, including down-selection/merging among the following options

· Spatial relation update for all PUCCH resources in a CC by one MAC CE

· Spatial relation update per Rel-15 PUCCH resource set

· Spatial relation update per group of PUCCH (which might need to be introduced for Rel-16) 

· PUCCH spatial relation info configured in a BWP could be applied across different BWP or different cells

· Other options are not precluded.




Proposal 2 Spatial relation of all PUCCH in a CC can be updated by one MAC CE.

Rel.15 BFR supports up to 16 candidate RS resources per BWP and it was proposed to increase this number to 64, e.g. to avoid RRC reconfiguration when UE roams within a cell. First, although a cell can support up to 64 beams per cell, how many beams to be actually used is up to gNB configuration depending on the cell topology, user distribution, traffic loading, etc. The network is not mandated to cover the cell with 64 beams, but can choose to do so with 16 slightly wider beams. Using wider beams for control channel is actually more robust and avoids frequent beam switching. Wide beams also reduces the likelihood of beam blockage and beam failure by avoiding too narrow beams that the UE may easily lose track of. Secondly, the candidate beams may also be critically sampled beams across the cell, so they don’t necessarily need to include all possible beams. Therefore it is our view that this change is not essential. 
	Agreement

In RAN1#96bis, determine whether to support the configuration of up to 64 candidate beams for BFR by RRC signaling.

· FFS signaling details including whether MAC-CE message can choose a subset of the candidate beams as active resources for new beam identification in Rel-16


Proposal 3 Do not increase the number of new candidate beam set for BFR. 
In the last meeting it was proposed to additionally allow MAC-CE based spatial relation update for aperiodic SRS. We are supportive to confirm the working assumption. 
	Working Assumption

For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource level

· FFS: Whether this is a UE optional feature

· Note: Qualcomm prefers to have this as a UE optional feature


3. Multi-panel enhancements that enables panel-specific beam selection

Panel-specific beam selection was discussed in several meetings with limited progress. In RAN1#96, the following conclusions were noted. The most contentious issue has been whether simultaneous joint transmission of PUSCH over multiple physical antenna panels is part of the WID. 
	For purpose of further discussion on this topic for RAN1#96 and future meetings

Following multi-panel UE (MPUE) categories can be used for discussions on possible enhancements over Rel-15, if needed.

· MPUE-Assumption1: Multiple panels are implemented on a UE and only one panel can be activated at a time, with panel switching/activation delay of [X] ms
· MPUE-Assumption2: Multiple panels are implemented on a UE and multiple panels can be activated at a time and one or more panels can be used for transmission
· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission
Note: Above does not imply the support of either one or both of the categories but is only for efficient discussions at least for this meeting, which may also be updated further. Whether to support either one or both categories will depend on subsequent discussions

Note: There is no consensus among the companies in RAN1 whether MPUE-Assumption2 is in the work scope of Rel-16 WI

Agreement

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

· Deadline for decision: RAN1#96bis




3.1. Scope of Rel.16 WI

As there are different types of UL signal, it needs to be clarified which UL signal is being discussed when comparing these three MPUE assumptions. Specifically, in Rel.15:
· SRS supports 
· MPUE-Assumption 1/2/3, e.g. multiple SRS resources can be transmitted simultaneously, each from a different activated “virtual” antenna panel. 

· PUSCH supports:

· MPUE-Assumption 1/3, when each SRS resource set corresponds to a virtual antenna panel spanning across a single physical antenna panel;

· MPUE-Assumption 2: when each SRS resource set corresponds to a virtual antenna panel spanning across multiple physical antenna panels; 

Hence all three MPUE-assumptions are already supported in Rel.15. From RAN1 evolution perspective, it is natural to continue to support all MPUE assumptions in Rel.16. Of course this does not imply that Rel.16 must introduce spec-non-transparent enhancements for all three MPUE-Assumptions. Whether a MPUE-Assumption justifies spec-non-transparent enhancement is to be decided based on the need of new functional features, and  tradeoff between system benefits (e.g. overhead, flexibility, performance) vs. specification /implementation complexity. 
Observation 1 Rel.15 supports MPUE-Assumption 1, 2, 3. From RAN1 evolution perspective they should be considered within Rel.16 scope. 

Observation 2 Whether enhancement should be introduced in Rel.16 for each MPUE-Assumption should be based the need of new functional features, and tradeoff between performance benefits vs. spec impact. 

3.2. Performance benefit and spec impact analysis
3.2.1. MPUE-Assumption 1

MPUE-1 intends to achieve panel selection diversity by transmitting from one panel at a time. Keeping the other panels OFF is to reduce UE power consumption. Note that there is a separate power saving WI ongoing, and to avoid possible overlapping between different WI, it should be clarified whether MPUE-1 should be studied under MIMO or UE power saving. Switching from one panel to the other requires a certain period of panel selection/activation/switching time, which creates a mini-DTX period where the UE cannot transmit any UL signal, or additionally cannot receive any DL signals (if DL/UL panels are correlated). The duration and position of this mini-DTX period may or may not be known or controllable by the gNB. If information of this mini-DTX period is unknown to gNB, how to handle the misalignment between transmit/receive actions between gNB/UE need to be evaluated. 

For the sake of discussion the mini-DTX period is broke down to three stages: 
· Panel activation:  Activating the selected panel, consuming X ms. 

· Panel selection:  Determining which new panel should be activated, and/or switch to (if there are more than one candidate new panels), consuming Z ms. Note that this period can be highly dependent on UE implementation and the order of activation/selection/switching.
· Panel switching:  Switching to the activated panel, consuming Y ms. 
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Figure 1: Exemplary MPUE-1 operating procedures

Figure 1 is an illustrative diagram of one possible UE implementation. To correctly assess the system impact and performance, we believe several implementation factors need to be clarified, e.g.:
· If the UE has only two UL panels, panel selection can be skipped. Otherwise if the UE has more than two UL panels, the UE or gNB needs to search which new panel is to be permanently turned ON. 

· Different solutions for new panel selection exist and they have different system impacts. It is possible that new panel selection takes a gNB-centric approach, where gNB configures/measures/indicates the new panel to be turned ON permanently. It is also possible that new panel selection takes a UE-centric approach transparent to gNB, based on DL measurement of 3GPP signal (or other non-3GPP measurement). The procedure may be different when DL/UL panels are correlated or uncorrelated. 
· Panel activation/selection/switching may take different orders for different UE implementation. For instance, panel 2 and panel 3 ON time (during the selection period) can be immediately consecutive, which means that panel 3 activation starts before panel 2 is completely OFF. As an alternative, it is possible that panel 3 activation starts only after panel 2 becomes completely deactivated, which makes panel 2 and 3 ON time non-consecutive. There are other possible implementation variations, and a common assumption for system evaluation should be agreed upon. 

Proposal 4 Further clarify the details of MPUE 1, including panel activation, selection and switching time (consulting RAN4) and the high-level system flow, for identifying the mini-DTX period, misalignment between gNB/UE and other potential impact to system operation. 
3.2.2. MPUE-Assumption 3
This is supported in Rel.15, where different SRS resource sets are mapped to different physical panels and transmitted simultaneously. PUSCH/PUCCH, on the other hand, is transmitted from a single panel at any given time. Selection diversity is similar to MPUE-1. If the UE is configured with one SRS, the SRS may be transmitted always from a fixed panel, or sweep across different panels. Otherwise if the UE is configured with multiple SRS, each panel may have its own dedicated SRS. 
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Figure 2: Exemplary MPUE-3 operating procedures

It is obvious that the ON time of a panel is not necessarily infinite. Once panel selection is complete, an unselected panel can go OFF to save power. An example is given in Figure 2. Depending on the panel selection time (e.g. Z ms), power consumption of MPUE-1 and 3 may be comparable. On the other hand, MPUE-Assumption 2 reduces beam sweeping latency and avoids the service interruption time due to the mini-DTX period.  We therefore believe MPUE-Assumption 2 should be given higher priority than MPUE-Assumption 1. 
Proposal 5 Prioritize MPUE-3 over MPUE-1 due to its reduced beam sweeping latency and overhead. 

3.2.3. MPUE-Assumption 2
MPUE-2 supports coherent transmission of PUCCH/PUSCH from multiple physical antenna panels, potentially improving received SINR, link coverage and system robustness. It may be particularly relevant to cell-edge UEs where coverage is one of the main design targets. 

As discussed in previous section, this model is already supported in Rel.15 by transmitting a SRS resource transparently over multiple physical panels. From gNB perspective the SRS is from a single “transmission point” with almost QCL properties within the SRS resource. Any Rel.16 enhancements therefore should be based on a model where different SRS resources, or different SRS ports in a SRS resource, are associated with different physical panels and different QCL properties. Possible specification impacts include power control, timing advancement, new SRS resource with increased dimension, new UL codebook design, to name a few. 
Proposal 6 MPUE-2 should be based on a model where different SRS resources, or different SRS ports in a SRS resource, are mapped to different virtual antenna panels. 

4. Beam failure recovery on SCell
4.1. Configuration of new beam threshold and report

In RAN1#96 the following conclusions were reached:
	Agreement

· For SCell BFR, BFRQ shall be conveyed if UE declares beam failure

· UE shall convey new beam information during BFR procedure if new candidate beam RS and corresponding threshold is configured and at least if channel quality of new beam is above or equal to threshold

· FFS: whether no new beam identified could be included as a state of new beam information

· FFS: details if no new beam is above or equal to threshold




The threshold for new candidate beam should always be configured. Without this threshold, UE reporting behavior is uncontrollable by the gNB, and UE may report any beam whose quality is too low to be usable. It makes no sense for the gNB to even try to use this new beam. It does not benefit “recovery” at all, but only falsely misleads gNB to initiate RRC configuration and prolongs the BFR procedure. 
Proposal 7 Threshold for new candidate beam should always be configured. 

The next outstanding issue is UE behavior when UE cannot find a new beam that meets the threshold. In our view the decision is dependent on the choice of BFRQ physical channel.
· For contention-free RACH based BFR, our preference is to reuse the same procedure in Rel.15 where the UE doesn’t send BFRQ. This saves UE power and avoids inter-cell interference.  Fallback to contention-based RACH is not needed for SCell beam failure recovery, unlike in PCell. 
· For MAC-CE or PUCCH, BFRQ payload needs to be known at the gNB to avoid blind decoding between the cases with and without a reported beam. To avoid blind decoding, our preference is to set the case of “no beam meeting the threshold” as a codepoint in the BFRQ report, along with other candidate beams, to maintain BFRQ overhead as a fixed value. 
Proposal 8 “No beam meeting the threshold” should be set as a codepoint in the BFRQ to avoid gNB blind decoding, if MAC-CE/PUCCH-based BFRQ is adopted. Otherwise if RACH-based BFRQ is adopted, UE does not report beam failure if no new beam is found. 
4.2. Physical channel for BFRQ
It was agreed in RAN#82 to support the following four scenarios in Rel.16. 
· Scenario 1.1: SCell with UL/DL, PCell on FR1

· Scenario 1.2: SCell with UL/DL, PCell on FR2

· Scenario 2.1: SCell with DL only, PCell on FR1

· Scenario 2.2: SCell with DL only, PCell on FR2

Table I: Summary of candidate schemes

	
	Scenario 1.1
	Scenario 1.2
	Scenario 2.1
	Scenario 2.2

	RACH-based
	Yes
	Yes
	Yes
	Yes

	MAC-CE-based
	Yes
	No
	Yes
	No

	PUCCH-based
	Yes
	No
	Yes
	No


Candidate schemes discussed in previous meetings include Rel.15-like mechanism (e.g. RACH-based), and new mechanism that requires complete overhaul (e.g. PUCCH and MAC-CE).
· RACH-based (Rel.15-like): 
· This is the simplest approach by duplicating the Rel.15 mechanism on the SCell. Very little specification work is needed as the entire procedure can be readily supported on SCell. Note that contention-free RACH on SCell with PDCCH order is already supported in Rel.15, so from a PHY perspective there is barely any technical work to support this in Rel.16.  

· If SCell has UL/DL, the exact Rel.15 procedure can be duplicated on the same target serving SCell (e.g. including beam failure monitoring RS, new candidate beam RS, contention-free RACH, CORESET-BFR for gNB response). 

· If SCell is DL-only, RACH transmission can be in other cells with UL configured (e.g. PCell or another SCell with UL, referred to as TCell herein). RACH occasion corresponding to different target SCells can be configured in TDM-fashion on the TCell. Other aspects (BF monitoring RS, new beam candidate RS, CORESET-BFR) can remain in the same target serving SCell. 
· MAC-CE based: 
· The intention of MAC-CE based approach is to transmit BFRQ and receive gNB response using MAC-CE. It is the common understanding that MAC-CE will be delivered on the PCell.
· If PCell is in FR2 and also experiences beam failure, MAC-CE may not be reliably delivered. Hence this mechanism does not work when PCell is in FR2.   

· It has more specification work than RACH-based, but is simpler than PUCCH. 
· PUCCH-based: 
· The intention of PUCCH-based approach is to send BFRQ on PCell, and receive gNB response on either PCell or SCell. 
· It has the same problem as MAC-based solution that the PCell itself may fail due to beam failure, so it does not support scenario 1.2 and 2.2. 
Observation 3 As PCell may experience beam failure independently from Scell, relying PCell for BFR for SCell is not possible with MAC-CE/PUCCH.
Proposal 9 Adopt a unified approach based on Rel.15 RACH-based mechanism, where BFRQ is conveyed by contention-free RACH transmission in PCell or another SCell with UL. 
5. L1-SINR measurement and feedback
Beam management in Rel.15 is based on L1-RSRP. The Rel.16 WID includes an objective of supporting L1-SINR/L1-RSRQ based measurement that intends to improve beam management flexibility by capturing inter/intra-cell interference, e.g. multi-panel operation where each panel serves a UE. The following agreements have been reached in previous meeting:
	Agreement

For interference measurement of L1-SINR, down select one of the following in RAN1#96bis

· Alt 1: dedicated ZP IMR 

· Alt 2: dedicated NZP IMR 

· Alt 3: dedicated ZP IMR and dedicated NZP IMR

Companies are encouraged to provide use cases and benefit, e.g. throughput and gNB/UE complexity benefit for different alternatives
· L1-RSRP/CSI based beam selection could be baseline


Rel.15 has two types of resources for interference measurement, e.g. ZP-based and NZP-based. For ZP-based, all signals received on the IMR resources are considered interference. This is also the baseline of LTE and simple for UE implementation. For NZP-based, UE performs channel estimation using the NZP signals, subtracts its contribution from the total received signal, and assumes the remaining component is interference. In Rel.15 NZP-based IMR does not operate standalone but has to be configured jointly with ZP-based IMR. The main motivation of NZP-based IM is to exploit better channel estimation/interpolation capability provided by NZP signal to facilitates MU-MIMO interference emulation, which supposedly improves MU-MIMO pairing performance. 

Whether L1-SINR for beam measurement should use ZP or NZP IMR shall take into account the intended use case of beam measurement. Beam measurement and CSI measurement are two independent, yet related, procedures. A key difference between beam reporting and CSI reporting is that beam reporting is intended for long-term, coarse paring based on large scale channel property, while CSI reporting is for short-term, refined paring based on small scale channel property. Beam reporting alone is not sufficient for refined MU-MIMO pairing, but rather serves as starting point for further CSI refinement based on the content of beam report. As such, it is questionable if the channel estimation / interpolation benefit of NZP-IMR is still valid for beam measurement, especially considering the UE complexity increase. Until then, a starting point should be ZP-based IMR. 
Observation 4 As beam measurement intends to provide long-term, coarse, large-scale channel property to facilitate further CSI refinement, it cannot be used alone in system operation. It is unclear how channel interpolation gain of NZP-IMR, as found in CSI measurement, contributes to beam reporting.   
Note that ZP-IMR supports all functionality of NZP-IMR, except per-layer channel estimation/interpolation with known pilot sequences. For instance, ZP-IMR can be configured to be overlapping with NZP-RS of other panels, which effectively allows across-panel interference measurement. It is up to gNB scheduler to configure the RS for channel measurement of one panel as the RS for interference measurement of another panel, much like LTE CoMP operation. Furthermore, as the number of IMR is typically much larger for beam measurement than for CSI measurement, ZP-IMR is considered more friendly for UE implementation. 
Proposal 10 Consider ZP-based IMR as a starting point for L1-SINR beam measurement. NZP-based IMR can be further discussed. 
6. Conclusions
In this contribution we presented our views on multi-beam operation enhancements in Rel.16.
Observation 5 Rel.15 supports MPUE-Assumption 1, 2, 3. From RAN1 evolution perspective they should be considered within Rel.16 scope. 

Observation 6 Whether enhancement should be introduced in Rel.16 for each MPUE-Assumption should be based the need of new functional features, and tradeoff between performance benefits vs. spec impact. 

Observation 7 As PCell may experience beam failure independently from Scell, relying PCell for BFR for SCell is not possible with MAC-CE/PUCCH.

Observation 8 As beam measurement intends to provide long-term, coarse, large-scale channel property to facilitate further CSI refinement, it cannot be used alone in system operation. It is unclear how channel interpolation gain of NZP-IMR, as found in CSI measurement, contributes to beam reporting.   
Proposal 11 Shift beam management SRS resource configuration from RRC-level to MAC-CE/L1 level, and increase the number of SRS resource set (for CSI) beyond one.  

Proposal 12 Spatial relation of all PUCCH in a CC can be updated by one MAC CE.

Proposal 13 Do not increase the number of new candidate beam set for BFR. 
Proposal 14 Further clarify the details of MPUE 1, including panel activation, selection and switching time (consulting RAN4) and the high-level system flow, for identifying the mini-DTX period, misalignment between gNB/UE and other potential impact to system operation. 
Proposal 15 Prioritize MPUE-3 over MPUE-1 due to its reduced beam sweeping latency and overhead. 

Proposal 16 MPUE-2 should be based on a model where different SRS resources, or different SRS ports in a SRS resource, are mapped to different virtual antenna panels. 

Proposal 17 “No beam meeting the threshold” should be set as a codepoint in the BFRQ to avoid gNB blind decoding, if MAC-CE/PUCCH-based BFRQ is adopted. Otherwise if RACH-based BFRQ is adopted, UE does not report beam failure if no new beam is found. 
Proposal 18 Threshold for new candidate beam should always be configured. 

Proposal 19 Adopt a unified approach based on Rel.15 RACH-based mechanism, where BFRQ is conveyed by contention-free RACH transmission in PCell or another SCell with UL. 
Proposal 20 Consider ZP-based IMR as a starting point for L1-SINR beam measurement. NZP-based IMR can be further discussed. 
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