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1	Introduction
Enhancements on Multi-beam operation were approved to be studied and specified as part of the MIMO Enhancements WID in RAN#80 [1] and revised slightly in RAN#81 [2]. The objectives for the multi-beam operation are stated as follows [1][2]:
	The work item aims to specify the enhancements identified for NR MIMO. The detailed objectives are as follows. 

· Extend specification support in the following areas [RAN1]
 …
· 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
        …



In this contribution we discuss about:
· Enhancements on beam selection to reduce latency and overhead
· Enhancements on beam management considering MPE issues
· UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Beam Failure Recovery for SCell
· Inter-beam-interference beam reporting
2	Discussion
2.1	Enhancements on beam selection to reduce latency and overhead
[bookmark: _Hlk16853390]2.1.1	On dynamic spatial relation info update for aperiodic SRS
In RAN1#96bis and RAN1#97 the following agreements and working assumption were made:
	RAN1#96bis:
Agreement
The working assumption made in RAN1#96 is confirmed
For UL beam management latency and overhead reduction, support MAC CE based spatial relation update for aperiodic SRS per resource level
· FFS: Whether this is a UE optional feature
FFS: Whether above is applicable regardless of the aperiodic SRS target use

RAN1#97:
Agreement
The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level is applicable to at least 3 supported usages as codebook-based UL, non-codebook-based UL, beam management.

Working Assumption
The supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching per SRS resource level




Regarding the working assumption that whether to apply agreed dynamic spatial relation update for aperiodic SRS also to SRS target use antenna switching we consider that it would be beneficial to apply regardless of the aperiodic SRS target use. That is to reduce in general the overhead and latency due to RRC level beam switching.
[bookmark: _Ref16685022]Proposal 1: Confirm working assumption that the supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching per SRS resource level.

[bookmark: _Hlk16853410]2.1.2	PUCCH spatial relation info signalling overhead
RAN1#96bis made the following agreement and RAN1#97 the following working assumption to support simultaneous update/indication of a single spatial relation per group of PUCCH resources:
	RAN1#96bis:
Agreement
Simultaneous update/indication of a single spatial relation per group of PUCCH is supported by using one MAC CE 
· As a starting point, the group should correspond to all the PUCCHs in a BWP when a single active spatial relation is applied before and after activation
· If there is no consensus on the details of the grouping, only one group per BWP will be supported in Rel-16 which will correspond to all the PUCCHs in a BWP
Detailed design on the MAC CE is up to RAN2

RAN1#97:
Working Assumption
For the supported feature of simultaneous update/indication of a single spatial relation per group of PUCCH by using one MAC CE, the following configuration options for the group are supported:
· At least up to two groups per BWP
· FFS: Details on configuring the groups including whether to use implicit method or explicit method
· For example, each corresponding to different TRP/panel, at least for multi-TRP/panel case
· Another example, each corresponding to different active spatial relation at least for single TRP case
· If there is no consensus to support more than two groups, only up to two groups will be supported in Rel-16




UE can be configured up to four PUCCH resource sets where each resource set comprises PUCCH resources for the transmission of OUCI UCI information bits as illustrated in Figure 1.
[image: ]
[bookmark: _Ref16580474]Figure 1 PUCCH Resource Sets.
When UE is served by a single TRP one typical operation would be to configure and activate the same spatial source (SSB or CSI-RS) for all the PUCCH resources in all the sets. On the other hand, when the UE is served e.g. by two TRPs the UE may be configured to transmit UCI to both TRPs (e.g. TRP specific HARQ feedback and CSI reporting) and then different PUCCH resources within a resource set have different spatial source. For that, spatial relation update per group of PUCCH resources would be needed where groups comprise PUCCH resources of different PUCCH resource sets. Exemplary grouping of PUCCH resources in single-TRP and multi-TRP cases are presented in Figure 2.
[image: ]		[image: ]
[bookmark: _Ref16849941]Figure 2 Example of grouping of PUCCH resources in single-TRP and multi-TRP case.
As discussed, clearly the motivation for multiple groups comes from multi-TRP scenario. In multi-TRP AI (7.2.8.2 Enhancements on Multi-TRP/Panel Transmission) the following agreements were made regarding to PUCCH resource groups:
	Agreement
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used 
· Support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs
· FFS: Details on how this feature is supported in the specifications (for examples, introduction of restrictions and/or further enhancements)
Above applies at least for FR1 


Agreement
For TDMed PUCCH transmission within a slot for separate ACK/NACK, study following alternatives for PUCCH resource configurations: 
· Alt 1: PUCCH resource groups can be explicitly configured by the NW.
· All PUCCH resources configured within the first PUCCH resource group do not overlap in time with any PUCCH resources configured within the second PUCCH resource group, considering 
· how to support PUCCH resource groups composed with resources or resource sets
· Alt 2: PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs 
· PUCCH resource groups are not needed.
· Alt 3: PUCCH resources configured by the NW may be overlapped among M-TRPs.




As can be seen from the above agreements, the purpose is to have multiple groups of PUCCH resources (at least two) to be able transmit at least ACK/NACK only feedback for two TRPs. Combined that with target to reduce latency and overhead it seems logical that multiple PUCCH groups should be able to be configured and simultaneous spatial source update should be able to be applied to the PUCCH resources of the group.
[bookmark: _Ref16685078]Proposal 2: Confirm the working assumption from RAN1#97.
The remaining question is that whether more than two groups or only up to two groups are supported. Supporting more than two groups, e.g. four, would allow more flexibility for the network to allocate receive beams for the reception of PUCCHs from UEs. For instance, a single TRP could use a wider receive beam for receiving PUCCHs with low payload from multiple UEs at a time (high multiplexing capacity) while using more narrow receive beam to receive PUCCH with larger payload from certain UE at a time. Considering that flexibility but also the overhead increasing number of groups would introduce we think that it should be possible to configure up to four groups (e.g. two groups per TRP).
[bookmark: _Ref16685093]Observation 1: A single TRP could use a wider receive beam for receiving PUCCHs with low payload from multiple UEs at a time (high multiplexing capacity) while using more narrow receive beam to receive PUCCH with larger payload from certain UE at a time.
[bookmark: _Ref16853303][bookmark: _Ref16685105]Proposal 3: Support up to four PUCCH groups. Groups may be for the single TRP or multiple TRPs. 

2.1.3	Generic Signaling Reduction for Beam Indication
Each downlink and uplink signal/channel has a separate beam configuration and indication (TCI state with QCL-Type-D for downlink or spatial relation info for uplink) signalling mechanism as follows:
· RRC level configuration for periodic CSI-RS and periodic SRS
· RRC level configuration and MAC level activation and update for semi-persistent CSI-RS and SRS, PUCCH, PDCCH and PDSCH (when TCI is not present in DCI)
· RRC level configuration, MAC level activation and L1 level triggering for PDSCH
· RRC level configuration and L1 level triggering for aperiodic CSI-RS and SRS

One typical operating mode of NR cell is that the same downlink RS acts as source RS to determine both downlink TX beam and uplink TX for the UE for PDCCH, PDSCH, CSI-RS for CSI acquisition, CSI-RS for RLM, PUCCH and SRS for codebook/non-codebook transmission. Separate configuration and activation signaling, and thus signaling overhead, could be avoided if there would be possibility to implicitly derive spatial QCL assumption for the signal or channel from some other signal or channel, i.e. more generally what is defined for the PDSCH when TCI is not present in DCI. Related to this the following was suggested for further discussion in RAN1#97:
“Study the spatial relation for the PUCCH/SRS to follow a TCI-state/QCL of PDCCH/CSI-RS/SSB if spatial relation info of PUCCH/SRS is not configured in FR2”

Since dynamic beam indication (MAC level) is supported for the PDCCH, activated TCI state of PDCCH could be used more generally as a TCI state or spatial relation info for other signals and channels. This could be implemented so that when TCI state for downlink signal/channel (e.g. CSI-RS for CSI and RLM) or spatial relation info for uplink signal/channel (PUCCH, SRS for cProposal 5: Support updating path loss reference RSs for power control for PUSCH and SRS via MAC-CE.odebook/non-codebook) is not explicitly configured the UE can determine the spatial QCL source from the activated TCI state of the certain CORESET.
[bookmark: _Ref16685117]Proposal 4: Support determining spatial QCL source for e.g. CSI-RS for CSI acquisition, CSI-RS for RLM, PUCCH and SRS for codebook/non-codebook from the activated TCI state of the certain CORESET when TCI state (downlink) or spatial relation info (uplink) is not explicitly configured for the resource.
[bookmark: _Hlk16853487]2.1.4	UL Power Control to support Dynamic Beam Switching
Dynamic beam switching for PUSCH is supported by using a semi-persistent SRS set (codebook/non-codebook) and MAC-CE based spatial relation update mechanism [3GPP TS 38.321, section 6.1.3.17] for the SRS resource set. However, path loss reference RSs can be updated only via RRC and thus it can be noted that power control for PUSCH cannot follow dynamic UL beam switching of PUSCH. To improve that the following agreement was made in RAN1#97:
	Agreement
Decide in RAN1#98 whether to support updating path loss reference RSs for power control for PUSCH and SRS via MAC-CE.
· FFS: Condition that the RS for PL will follows the downlink RS in spatial relation.
· FFS: When the spatial relation of AP-SRS for CB/NCB UL is activated by MAC-CE, UL power control parameters for PUSCH can be activated via the MAC-CE.




We see this improvement very important for the system to be able to support efficient beam domain operation and propose correspondingly:
[bookmark: _Ref16685131]Proposal 5: Support updating path loss reference RSs for power control for PUSCH and SRS via MAC-CE.
Regarding the first FFS point the condition should be that RS for PL should be QCLed (QCL-TypeD) with the downlink RS used as spatial relation for SRS / PUSCH (directly SSB/CSI-RS  SRS or via chaining SSB/CSI-RS SRS BM  SRS).
[bookmark: _Ref16685141]Proposal 6: MAC-CE updated RS for PL is QCLed (QCL-TypeD) with the downlink RS used as a spatial relation for SRS / PUSCH. 
Consequently, we see that second FFS point should be supported as well in order to support power control for PUSCH to operate in synch with dynamic beam switching for PUSCH. 
[bookmark: _Ref16685148]Proposal 7: When the spatial relation of AP-SRS for CB/NCB UL is activated by MAC-CE, UL power control parameters for PUSCH can be activated via the MAC-CE.
During Rel-15 power control discussion, though finally restricted due to complexity impact on UE, it was aimed that large amount of pathloss RS should be supported per UE to support efficient beam specific power control. To fully support beam specific power control, UE may need to measure pathloss per candidate beam or per source RS of spatial relation info. In RAN1 #97, we observed the same suggestion again that pathloss RS can be the same with the downlink RS in spatial relation. But not to go through the complexity discussion again or not to cause restriction at number of candidate UL beams for UL beam management, we need to allow flexibility at mapping of spatial relation (candidate beam) to pathloss measurement RS. Instead of defining one-to-one mapping, we suggest the pathloss measurement RS to be flexibly associated to each of UL candidate beams such that one PL RS can be configured for multiple of source RS to reduce UE complexity, or to configure large enough source RS.
[bookmark: _Ref16853565]Proposal 8: RS for PL measurement is associated to DL source RS of spatial relation info. gNb can configure the same pathloss RS to multiple of DL source RS of spatial relation info.

2.1.5	Spatial Relation between UL and DL Beams
In NR Rel-15, DL beam indication framework at higher carrier frequencies is based on the assumption of UE beam correspondence between UL and DL beams. In TS 38.214 and TS 38.331 specifications, this functionality has been implemented as a part of TCI-state framework by using resource of DL RS as a spatial source for either other DL RS or UL RS resource. Despite of the assumption of UE beam reciprocity, TS 38.214 specification provides also support for UL BM based non-beam reciprocity operation. However, Rel-15 NR specification has a limited support for UL BM based operation with downlink PDSCH transmission. 
[bookmark: _Ref16685157]Observation 2: Rel-15 NR specification has a limited support for UL BM based operation with downlink PDSCH transmission.
Figure 3 shows an example of SRS based UL BM and antenna switching as well as the transmission of DL DMRS for PDSCH. Here, firstly, UL SRS based beam management is used to identify UE TX beams. For this purpose, a network has configured via higher layers two SRS resource sets for UL beam management, namely set 1 and set 2 with two resources in each set. The SRS resources have been configured to enable the sweeping of different UL TX beams over different symbol positions. As a result of this, gNB is able to identify “best” SRS resources for example according a certain metric, e.g. the largest measured L1-RSRPs at gNB-side. These “best” SRS resources, i.e. SRIs, are indicated for UE with PDCCH DCI format 0_1, to UE to be used for UE UL TX antenna-switching. Furthermore, the network has configured by higher layer parameter SRS-SpatialRelationInfo for SRS resources associated with beam management and antenna- switching. However, at UE-side RX beam spatial direction ambiguity problem arises when DL CSI is obtained via SRS UL BM beams and used for precoding of DMRS associated with PDSCH. More specifically, the current TCI-state framework associated for DL TX and RX beam indication framework does not provide support for defining UL SRS resource/resource set as a spatial source for DL DMRS or any DL RS. Therefore, UE is not able to align its RX spatial filter, i.e. analog beam former, to a correct spatial direction associated with DMRS of PDSCH. As a result of this, a spatial mis-alignment arises between DL TX beams associated with DMRS of PDSCH and UE RX spatial beam former leading DL precoding to operate sub-optimal way.
[bookmark: _Ref16685177]Observation 3: RX beam ambiguity problem arises at UE-side for the reception of DMRS with PDSCH when SRS UL beam management and SRS based antenna switching is used to obtain DL CSI for the precoding of DMRS with PDSCH.
[bookmark: _Ref16685199]Observation 4: Rel-15 TCI-state framework does not provide support for defining UL SRS resource or resource set as a spatial source for DL DMRS or any DL RS.
   [image: ]
[bookmark: _Ref16682756]Figure 3 An example of DL CSI acquisition based on UL SRS based BM and antenna-switching procedure with precoded DL DMRS transmission.
To correct the problem of Rel-15 NR related to UL BM based operation in conjunction of DL CSI acquisition, Rel-16 NR TCI-state specification shall support the use of UL SRS resources as a spatial source for DL DMRS resource or any DL RS. 
[bookmark: _Ref16853647]Proposal 9: 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.
[bookmark: _Ref16853653]Proposal 10: Text proposal to 3GPP TS 38.331 in Annex. A, required changes marked with green color.

2.2	Enhancements on beam management considering MPE issues
In previous meetings it has been discussed and suggested to consider beam management enhancements considering MPE issues. Related to that RAN4 has sent an LS to RAN1 in [3] on FR2 RF exposure mitigation methods stating: 
“RAN4 has discussed FR2 RF Exposure issues and would like to share the situation in RAN4. Two methods were introduced during Rel-15 in the specification to enable the UE to comply with regulatory exposure limits, one is P-MPR, the other is maxUplinkDutyCycle capability. For some UE implementation, the needed back off to comply with RF exposure regulation could be large.”
As also noted in [3GPP TS 38.101-2], use of P-MPR and maxUplinkDutyCycle may impact the maximum uplink performance for the selected UL transmission path. Since MPE issue may be highly directional in FR2 required P-MPR and maxUplinkDutyCycle would be uplink beam specific as well and would very likely be different among different candidate uplink beams across different UE panels. That means that certain beams, i.e. ones that may be pointing towards human body, may have potentially very high required P-MPR/low duty cycle while some other beams, i.e. ones of which beam pattern may not coincide human body, may have very low required P-MPR/high duty cycle. Thus, as MPE issue may be directional/beam specific multiple candidate beams across multiple panels provide opportunity to find out beam pair links that would have low required P-MPR/low duty cycle. 
[bookmark: _Ref16685241]Observation 5: Use of P-MPR and maxUplinkDutyCycle may have a negative impact on uplink performance. 
[bookmark: _Ref16685245]Observation 6: In FR2 MPE related conditions may be beam specific and thus required P-MPR and duty cycle would be uplink beam specific. 
Primary operation mode in FR2 is where spatial source RSs for uplink signals are DL RSs. In other words, downlink RSs are used to determine UL TX beam utilizing TX/RX beam correspondence at the UE. That is to avoid SRS based beam search, selection and refinement schemes that are resource hungry and thus introduce high system overhead.
[bookmark: _Ref16685249]Observation 7: Primary operation mode relies on DL RSs as spatial sources to determine UL TX beams.
Based on discussion in RAN1#97 the following agreement was made:
	Agreement
Down-select in RAN1#98 from the following options for beam management enhancements:
· Alt1. Support UE to report CRI/SSBRI where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission
· FFS: Whether to support SRI in addition to CRI/SSBRI
· FFS on details of the reporting configuration (e.g. separate or joint reporting with existing DL beam reporting, introduction of new information from UE such as MPR)
· Alt2. Support SRI field in the DCI can be used to indicate multiple SRS resources and UE’s autonomous selection of one SRS resource for PUSCH beam determination out of the multiple
· Alt3: Reuse Rel-15 beam specific PHR reporting to determine beam-specific MPE impact transparently, i.e., by difference value between Pc,max (which is calculated based on P-MPR) and the required transmission power.
· FFS: Enhancement on UL beam configuration for virtual PHR. 
· Alt4: No enhancements considering MPE issues in Rel-16 RAN1 specifications. It is up to UE implementation in conjunction to RAN4 specicfiation support.
If no consensus in RAN1#98, no further discussion in RAN1.



Next, we discuss about the alternatives in the agreement. 
Regarding the Alt2, when triggering SRS transmission for PUSCH it’s expected that each SRS resource (usage CB or NCB) is having a spatial source. In beam correspondence case, the spatial source is DL RS. Thus, a prior step for the Alt2 in typical operation would actually be beam reporting to reveal the candidate spatial sources, i.e. Alt1. Alt2 would also require gNB to reserve multiple UL resources from which one would be used  expensive in terms of gNB resource consumption. Thus, we don’t see Alt2. being a feasible option. 
Relying on Alt4 could lead to a situation where UL beam selection cannot be based on DL RS but SRS for BM to be able reveal feasible UL beams. That would naturally lead high system overhead. Thus, it is concluded that Alt4 is not either a feasible option. 
[bookmark: _Hlk16693245]Alt1 is seen as a basis for MPE awareness where separate reporting for DL and UL beam selection is applied. However, Alt1 alone does not reveal how strong UL beams are if only CRI/SSBRI(s) of preferred spatial relation RS(s) for UL is/are provided. That could be supported if UE was able to provide e.g. beam specific PHR for the candidate beams based on DL RSs. It’s noted that Rel-15 beam specific PHR reporting, i.e. Alt3., is for 'actual PUSCH beam' (PHR type1) or 'actual SRS beam' (PHR type3) but not in general for candidate UL beams (i.e. for certain DL RSs). By having possibility for requesting UE to provide PHR measure corresponding to a set of candidate UL beams provided by Alt1 (DL RSs as spatial sources) would provide gNB the information about how strong those candidate beams would be. 
Thus, we consider that Alt1 + Alt3 enhanced with possibility for PHR reporting per candidate UL beam (preferably L1 report) would provide feasible beam management enhancement considering MPE issue.
[bookmark: _Ref16853806]Proposal 11: Support Alt1+Alt3 enhanced with possibility for PHR reporting per candidate UL beam for beam management enhancements considering MPE issues.

2.3	UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
The following agreement was made in RAN1#97:
	Agreement
Select one of the following alternatives in RAN1#98. Companies should take into account the maturity, forward compatibility to future releases, efficient use of SRS resource usage, and extension to simultaneous transmission across multiple panels of each alternatives for completion within the intended Rel-16 schedule. If there is no consensus in RAN1#98, UL multi-panel enhancement will not be specified in Rel-16.

gNB can configure/indicate panel-specific transmission for UL transmission, via
· Alt.2: Introduce a UL-TCI framework in Rel-16 and support UL-TCI based signaling analogous to DL beam indication supported in Rel-15, e.g., as illustrated below.
· A new panel ID may or may not be introduced.
· A panel specific signaling is performed using UL-TCI state
· Alt.3: a new panel-ID is introduced, which can be implicitly/explicitly applied to the transmission for a target RS resource or resource set, for PUCCH resource, for SRS resource, FFS for PRACH
· A panel specific signaling is performed using the new panel-ID implicitly (e.g., by DL beam reporting enhancement) or explicitly.
· If explicitly signaled, the ID can be configured in the target RS/channel or reference RS(e.g., in the DL RS resource configuration or in spatial relation info).
· No new MAC CE is specified for the purpose of introducing the ID.

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

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

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

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

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

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

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






Alt.3 is a result of the long study in Rel16 whereas Alt.2 was basically built in RAN1#97. Though, Alt.2 was discussed briefly in Rel15. In principle, we consider that the alternatives are not exclusive to each other but rather they could be combined. While Alt.2 is more about how to configure spatial relation info, Alt.3 is about new panel ID and how to define the relation between panel and RS configuration. In the example, it is shown that the panel ID defined in Alt.3 would be needed in Alt.2 to enable panel-specific UL beam selection. 
[bookmark: _Ref16685270]Observation 8: Alt.2 and Alt.3 are not exclusive to each other but they can be combined. 
In a discussions regarding the UE panel specific beam management, both panel specific measurement & reporting, and panel specific UL transmission have been considered. To support such operations, one simple solution would be to configure panel ID either explicitly or implicitly per RS configuration or reporting configuration. For example, if panel ID is configured for DL RS, UE may use the indicated panel for DL measurement, or in the other example, if panel ID is configured for UL RS, either directly configured or configured via source RS, when a transmission of a target RS is scheduled or triggered the UE would be expected to use the same panel as associated to the source RS. That would be logical when the source is uplink signal, i.e. SRS. When the spatial source is DL RS, i.e. SSB or CSI-RS, it’s not that straightforward unless panel specific SSB and/or CSI-RS based L1-RSRP measurement and reporting are supported which would enable to associate the (panel) identifier to the DL RS being the spatial source. Correspondingly, when gNB is scheduling/triggering SRS resource set(s) it would be beneficial if the gNB would be aware that which panels would be having a good connection towards the gNB and the appropriate sets could be triggered. For that panel specific DL measurement would provide valuable information for the gNB to trigger SRS resource set from the proper panel(s). 
[bookmark: _Ref16854749][bookmark: _Ref16685274]Observation Error! No sequence specified.: Panel ID should be able to be associated to a reference RS.
[bookmark: _Ref16854765]Proposal 12: Support new panel ID to be defined in RS configuration.
[bookmark: _Ref16854771]Observation 10: Panel specific L1-RSRP reporting would be needed to be able to associate the (panel) identifier to the DL RS, such as SSB or CSI-RS, being the spatial source for the target UL signal.
[bookmark: _Ref16685286]Proposal 13: Support panel specific L1-RSRP measurement and reporting to enable associating the (panel) identifier to the DL RS being the spatial source for the target UL signal. Panel specific L1-RSRP can be measured either based on SSB or based on CSI-RS.
As a summary, we consider that way forward could be to merge Alt3 into Alt2 in a way that:
· panel ID is defined
· panel ID can be configured/associated to the source RS
· UL TCI state includes a spatial source RS which can be associated to a panel enabling panel specific signalling using UL-TCI state
[bookmark: _Ref16685311]Proposal 14: Merge Alt3 into Alt2 in a way that:
· panel ID is defined
· panel ID can be configured/associate to a spatial source RS
· UL TCI state includes a spatial source RS which can be associated to a panel enabling panel specific signalling using UL-TCI state 

2.4	Beam Failure Recovery for SCell
2.4.1 On the Beam Failure Recovery Procedure for SCell BFR

In RAN1#96 following was agreed: 
Agreement
On BFRQ procedure for SCell
· Step 1 can be carried by at least a dedicated SR-like PUCCH resource for BFR over PCell or PSCell
· FFS: Details including whether or not it is precluded that MAC CE in step 2 is multiplexed in a PUSCH not triggered by step 1
· (Working Assumption) Step 2 is carried by MAC CE 
Above applies at least for SCell with downlink only
Send an LS to RAN2 to ask their input with reference to this agreement from their specification work point of view considering their workload. The draft LS in R1-1907850 is modified and endorsed in R1-1907870.

In PCell beam recovery procedure the both dedicated and contention-based signaling was supported for beam failure recovery. CBRA is used when CFRA candidates are below a quality threshold (i.e. are not suitable) or when CFRA recovery is not configured by network. 
In contrast to Release 15 BFR using CFRA, the SR-like signaling in Step 1 for SCell BFR does not directly indicate a new candidate and the actual information of which SCell failed is provided in a MAC CE in Step 2. Additionally, the MAC CE is considered to carry information on the new candidate beam for the failed SCell if present (i.e. signal quality is above threshold.
According to the current RAN1 WA, the Step 1 does not explicitly discuss the use of CBRA although it states that at least SR-like signaling is used. The CBRA based SCell BFR should be supported to complement SR-based signaling in a case where SR-like signal is not configured or maximum transmissions are made for the SR.
As Step 1 contains only the indication of the SCell recovery request but carries no additional information the CBRA based SCell BFR signaling can use the same MAC CE format for indicating the failed SCell and new candidate.
It should be noted that both SR-like PUCCH and CBRA options could use the same MAC CE design for indicating the failed SCell and whether the failed SCell has a new candidate. 
[bookmark: _Ref16856304]Observation 10: CBRA based SCell BFR should be supported to complement SR-based signaling in a case where SR-like signal is not configured.
[bookmark: _Ref16856240]Proposal 15: if RAN2 supports the RAN1 WA, the SR-like signaling in Step 1 is additionally complemented with support of CBRA for Step 1 signaling.

Also, RAN1 working assumption left the multiplexing of SCell recovery information MAC CE as FFS. In our view it should be possible to transmit SCell recovery request without triggering first a transmission on PUCCH resource i.e. the Step 1 would not always be needed, or it may not always be feasible. 
In case UE already has valid UL grant where it is able to transmit the SCell BFR MAC CE it would not make sense to first wait for SR-Like PUCCH resource to trigger an UL grant and then send the MAC CE. This would only increase latency and would not bring any benefits as network could determine the recovery request based on the MAC CE identifier (LCID). Operation would be same as for the CBRA case where the network determines SCell recovery request based on the MAC CE LCID.
[bookmark: _Ref16856305]Observation 11: if Step1 of SCell BFR is always needed, it would potentially increase the latency of SCell failure recovery and may not be feasible.
[bookmark: _Ref16856241]Proposal 16: RAN2 prefers that SCell BFRQ MAC CE can be multiplexed on PUSCH without Step1.

Agreement
During a BFRQ procedure, UE reports only 1 beam with corresponding beam index only per SCell

Considering the number of candidates agreed in the last meeting, having UE to report only one candidate beam may be feasible in most cases but this may reduce network flexibility to configure new TCI state for PDCCH in case there would be multiple candidates. For example, if the current WA is confirmed the MAC CE based solution would have the flexibility to carry multiple candidates per failed SCell if available (above threshold) and the maximum number of candidate beams could be revisited. The maximum number to be reported should be configurable by network. For example, network may configure UE with candidate beam threshold and maximum number of candidates above or equal to the threshold to be reported e.g. N=1,2,4.  

[bookmark: _Ref16856306]Observation 12: Threshold-based candidate beam reporting could be used to indicate potentially multiple candidates, where the number is configurable by network. This would increase network flexibility for configuring the new TCI State for PDCCH.

2.4.3 Beam Failure Detection for Multiple SCells
Agreement
When SCell BFD RS is configured in an implicit manner, BFD RS can be transmitted in active BWP of either current CC or another CC.
Agreement
A UE can be configured to perform BFR for any configured SCells 
· The maximum number of SCells for which the UE performs BFR is a UE capability

Considering failure detection for multiple SCells ( Figure 4, Figure 5) illustrate BFD-RS configuration options considering a scenarios where spatial QCL is assumed (1a) and where there is no spatial QCL assumption of reference signals (CSI-RS, SS/PBCH block) across the carriers. 


[bookmark: _Ref1139291]Figure 4. Scenario 1A, illustration of cross carrier spatial QCL for PCell and Cells



[bookmark: _Ref1139293]Figure 5. Scenario 1B, illustration of set of cells with cross carrier spatial QCL (PCell and SCells) and set of SCells 
In case the cross carrier spatial QCL (1A) is valid for PCell and Scell(s), the beam failure could be detected on BFD-RS resources (CSI-RS, SS/PBCH block) of PCell and it could be determined implicitly that all the SCell(s) are in the beam failure condition due to spatial QCL assumption of the reference signals used for assessing the link quality.
On the other hand, in case the spatial QCL assumption for BFD-RS does not hold across all the carriers (1B) UE needs to be able to detect beam failure and perform recovery for each serving cell or serving cell group separately i.e. not all the cells share the same failure detection properties. 
In more general view when group of cells share the same failure detection properties they may be considered to be in failure condition when at least one of the cells is in failure condition. This would in some cases simplify the beam failure detection and recovery when multiple SCells are configured and would reduce UE complexity in case where UE capability does not support performing failure recovery for all configured SCells.
[bookmark: _Ref1125677]Proposal 17: If multiple cells share the same properties for failure detection, the failure can be detected based on one of the cells in a group. 

2.4.4. Deployment Scenarios
Agreement
For SCell BFR
· Decide BFRQ solution for BFR on SCell with DL only first, PCell in FR1+FR2
· Above is to facilitate RAN1 discussion but not to prioritize certain scenarios

Although the solution for DL only case is decided first, RAN1 should strive for signaling solution that can be used in DL only and DL/UL case.  
[bookmark: _Ref1125631]Proposal 18: Single SCell BFR signaling solution that works in both agreed scenarios (SCell with downlink only, SCell with DL/UL) should be defined.

2.4.5. Beam Failure Recovery Response
Before the beam the network response or completion of beam failure recovery for SCell can be discussed, we see that above issues such as number of supported SCells, failure detection (including metric) and the BFR request should be determined first. 
[bookmark: _Ref1125633]Proposal 19: Number of supported SCells, failure detection and the BFR request should be determined first, before discussing BFR response.

2.5	On inter-beam-interference beam reporting
The following agreements related to inter-beam-interference beam reporting have been made in RAN1#97 [1]:
	Agreement
· When dedicated IMR is not configured, 
· If CMR is based on CSI-RS, when L1-SINR is configured, and interference measurement is performed using CMR with CSI-RS only with density 3 REs/RB for 1-port CSI-RS is used 
· Spec does not require UE to use SSB for interference measurement
· Note: CSI-RS above is CSI-RS for BM
· When dedicated IMR is configured,
· NW can configure interference measurement for L1-SINR with either of the following options
· ZP-IMR only
· NZP-IMR only 
· (WA) ZP-IMR and NZP IMR (interference measurement is taken on both)
· Maximum Number of ZP IMR is 1
· If IMR is configured based on NZP IMR only, when L1-SINR is configured, interference measurement is performed only with density 3 REs/RB CSI-RS 
· If IMR is configured based on ZP IMR only, when L1-SINR is configured, interference measurement is performed   using ZP IMR
· FFS: interference measurement is performed using CMR additionally
· Support of L1-SINR is optional
· FFS: Support of NZP IMR and ZP IMR are separate UE capabilities
· Note: CSI-RS above is CSI-RS for BM




Rel-15 specification provides a support for the CSI reporting configuration, where one or two or three resource settings are configured as follows [TS 38.214]:
· When two Resource Settings are configured, the first one Resource Setting (given by higher layer parameter resourcesForChannelMeasurement) is for channel measurement and the second one (given by either higher layer parameter csi-IM-ResourcesForInterference or higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for interference measurement performed on CSI-IM or on NZP CSI-RS.
· When three Resource Settings are configured, the first Resource Setting (higher layer parameter resourcesForChannelMeasurement) is for channel measurement, the second one (given by higher layer parameter csi-IM-ResourcesForInterference) is for CSI-IM based interference measurement and the third one (given by higher layer parameter nzp-CSI-RS-ResourcesForInterference) is for NZP CSI-RS based interference measurement.

Since the above Rel-15 specification support has been primarily targeted for plain DL CSI acquisition purposes with a fixed set(s) of DL TX beams, it is not feasible to extend Rel-15 CSI acquisition support as such for Rel-16 L1-SINR based beam management purposes (e.g. new DL TX and RX beam identification). From UE computation complexity perspective, it can be assumed that UE reception processing capabilities may differ between CSI acquisition and L1-SINR for beam management in terms of number of NZP-CSI-RS and ZP resource usage. Therefore, it is important that the differences of UE reception capability between CSI acquisition and L1-SINR for beam management are further clarified in RAN1-98 meeting.   

 
[bookmark: _Ref16864631]Observation 13: UE reception processing capabilities may differ between CSI acquisition and L1-SINR for beam management in terms of number of NZP-CSI-RS and ZP resource usage. 

From the perspective of a network, the quality of reported DL TX beam measurements, i.e. L1-SINR, has a significant impact to the scheduling of serving beams impacting to overall system performance. Therefore, it is highly important that the quality of reported values is high. Furthermore, Rel-16 specification should not allow any ambiguity between network and UE how interference measurements have been carried out and used for L1-SINR computation at the UE-side. In fact, the current WA, i.e. ZP-IMR and NZP IMR (interference measurement is taken on both) introduces a lot of aforementioned ambiguity between network and UE leading to the degradation of the overall system performance. Furthermore, the current WA leads to the increase of signalling and resource overhead as well as extra standardization efforts (e.g. different RAN4 requirements at UE-side). To avoid these negative impacts, it is reasonable that Rel-16 specification provides support only for two options when dedicated IMR configured: 1) ZP-IMR only and 2) NZP-IMR only.
   
[bookmark: _Ref16864644]Observation 14: The current WA, i.e. ZP-IMR and NZP IMR (interference measurement is taken on both) introduces ambiguity about UE processing with network leading to the degradation of the overall system performance. Furthermore, the WA increases signalling and resource overhead as well as standardization efforts (e.g. different RAN4 requirements at UE-side).
[bookmark: _Ref16864686]Proposal 21: UE reception capability differences between CSI acquisition and L1-SINR for beam management needs to be further clarified in RAN1-98 meeting.

[bookmark: _Ref16864694]Proposal 20: Rel-16 specification provides support only for two options when dedicated IMR configured: 1) ZP-IMR only and 2) NZP-IMR only.



2.6 On Event Based Beam Management
Event based beam management was briefly discussed during release 15 timeline. In practise the only event-based UE side action is currently the candidate beam indication when a beam failure has been declared. For release 16, the potential benefits of UE event driven/base beam management could be studied.
[bookmark: _Ref1126470]Proposal 22: Study the potential of UE event driven/based mechanisms for beam management. 
3	Conclusions
In the following we list the observations and proposals made in discussion of the document.
Enhancements on beam selection to reduce latency and overhead:
On dynamic spatial relation info update for aperiodic SRS:
Proposal 1: Confirm working assumption that the supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching per SRS resource level.

PUCCH spatial relation info signalling overhead:
Proposal 2: Confirm the working assumption from RAN1#97.
Observation 1: A single TRP could use a wider receive beam for receiving PUCCHs with low payload from multiple UEs at a time (high multiplexing capacity) while using more narrow receive beam to receive PUCCH with larger payload from certain UE at a time.
Proposal 3: Support up to four PUCCH groups. Groups may be for the single TRP or multiple TRPs.

Generic Signaling Reduction for Beam Indication:
Proposal 4: Support determining spatial QCL source for e.g. CSI-RS for CSI acquisition, CSI-RS for RLM, PUCCH and SRS for codebook/non-codebook from the activated TCI state of the certain CORESET when TCI state (downlink) or spatial relation info (uplink) is not explicitly configured for the resource.

UL Power Control to support Dynamic Beam Switching:
Proposal 5: Support updating path loss reference RSs for power control for PUSCH and SRS via MAC-CE.
Proposal 6: MAC-CE updated RS for PL is QCLed (QCL-TypeD) with the downlink RS used as a spatial relation for SRS / PUSCH.
Proposal 7: When the spatial relation of AP-SRS for CB/NCB UL is activated by MAC-CE, UL power control parameters for PUSCH can be activated via the MAC-CE.
Proposal 8: RS for PL measurement is associated to DL source RS of spatial relation info. gNb can configure the same pathloss RS to multiple of DL source RS of spatial relation info.

Spatial Relation between UL and DL Beams:
Observation 2: Rel-15 NR specification has a limited support for UL BM based operation with downlink PDSCH transmission.
Observation 3: RX beam ambiguity problem arises at UE-side for the reception of DMRS with PDSCH when SRS UL beam management and SRS based antenna switching is used to obtain DL CSI for the precoding of DMRS with PDSCH.
Observation 4: Rel-15 TCI-state framework does not provide support for defining UL SRS resource or resource set as a spatial source for DL DMRS or any DL RS.
Proposal 9: 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 10: Text proposal to 3GPP TS 38.331 in Annex. A, required changes marked with green color.

Enhancements on beam management considering MPE issues:
Observation 5: Use of P-MPR and maxUplinkDutyCycle may have a negative impact on uplink performance.
Observation 6: In FR2 MPE related conditions may be beam specific and thus required P-MPR and duty cycle would be uplink beam specific.
Observation 7: Primary operation mode relies on DL RSs as spatial sources to determine UL TX beams.
Proposal 11: Support Alt1+Alt3 enhanced with possibility for PHR reporting per candidate UL beam for beam management enhancements considering MPE issues.

UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection:
Observation 8: Alt.2 and Alt.3 are not exclusive to each other but they can be combined.
Observation 9: Panel ID should be able to be associated to a reference RS.
Proposal 12: Support new panel ID to be defined in RS configuration.
Observation 10: Panel specific L1-RSRP reporting would be needed to be able to associate the (panel) identifier to the DL RS, such as SSB or CSI-RS, being the spatial source for the target UL signal.
Proposal 13: Support panel specific L1-RSRP measurement and reporting to enable associating the (panel) identifier to the DL RS being the spatial source for the target UL signal.
Proposal 14: Merge Alt3 into Alt2 in a way that:
· panel ID is defined
· panel ID can be configured/associate to a spatial source RS
· UL TCI state includes a spatial source RS which can be associated to a panel enabling panel specific signalling using UL-TCI state 

For Beam Failure Recovery for SCell:
Observation 10: CBRA based SCell BFR should be supported to complement SR-based signaling in a case where SR-like signal is not configured.
Observation 11: if Step1 of SCell BFR is always needed, it would potentially increase the latency of SCell failure recovery and may not be feasible.
Observation 12: Threshold-based candidate beam reporting could be used to indicate potentially multiple candidates, where the number is configurable by network. This would increase network flexibility for configuring the new TCI State for PDCCH. 
Proposal 15: if RAN2 supports the RAN1 WA, the SR-like signaling in Step 1 is additionally complemented with support of CBRA for Step 1 signaling.
Proposal 16: RAN2 prefers that SCell BFRQ MAC CE can be multiplexed on PUSCH without Step1.
Proposal 17: If multiple cells share the same properties for failure detection, the failure can be detected based on one of the cells in a group.
Proposal 18: Single SCell BFR signaling solution that works in both agreed scenarios (SCell with downlink only, SCell with DL/UL) should be defined.
Proposal 19: Number of supported SCells, failure detection and the BFR request should be determined first, before discussing BFR response.





On inter-beam-interference beam reporting:
Observation 13: UE reception processing capabilities may differ between CSI acquisition and L1-SINR for beam management in terms of number of NZP-CSI-RS and ZP resource usage.
Observation 14: The current WA, i.e. ZP-IMR and NZP IMR (interference measurement is taken on both) introduces ambiguity about UE processing with network leading to the degradation of the overall system performance. Furthermore, the WA increases signalling and resource overhead as well as standardization efforts (e.g. different RAN4 requirements at UE-side).
Proposal 21: UE reception capability differences between CSI acquisition and L1-SINR for beam management needs to be further clarified in RAN1-98 meeting.
Proposal 20: Rel-16 specification provides support only for two options when dedicated IMR configured: 1) ZP-IMR only and 2) NZP-IMR only.


On Event Based Beam Management:
Proposal 20: Study the potential of UE event driven/based mechanisms for beam management.
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Annex A. Text Proposal for 38.331 
==========================Text proposal starts===============================
TCI-State
-- ASN1START
-- TAG-TCI-STATE-START

TCI-State ::= 				SEQUENCE {
	tci-StateId					TCI-StateId,
	qcl-Type1					QCL-Info,
	qcl-Type2					QCL-Info																					OPTIONAL
}

TCI-StateId ::=				INTEGER (0..ffsValue)

QCL-Info ::=				SEQUENCE {
	referenceSignal				CHOICE {
		csi-rs						NZP-CSI-RS-ResourceConfigId,
		ssb							SSB-Id,
		-- A TRS (Tracking Reference Signal) configuration represented as a set of CSI-RS-Resources in a NZP-CSI-ResourceSetId
		trs							NZP-CSI-ResourceSetId
	     srs                         SRS-ResourceId		   														},
	qcl-Type					ENUMERATED {typeA, typeB, typeC, typeD},
	...
}

=========================== Text Proposal Ends==============================
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