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1 Introduction
The Rel-16 NR MIMO WID [1] includes objective related to improvements to beam management procedures. In this contribution we provide our views regarding multi-beam enhancements for Rel-16 including remaining details of enhanced beam selection mechanism with low latency and low overhead, panel-specific beam selection for UL, beam failure recovery for SCell, and beam measurement and reporting of L1-SINR.
2 Latency and overhead reduction
2.1 Spatial relation update for aperiodic SRS using MAC CE
In RAN1#97 meeting the working assumption has been made to support spatial relation update for SRS resource of aperiodic SRS resource set configured as antenna switching (DL reciprocity based precoding).
	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


The working assumption in principle allows indication of different transmission beams for SRS resources in any SRS resource set configured with antenna switching. At the same time according to the description of the SRS antenna switching feature from TS 38.306 such SRS transmission approach should provide CSI for DL transmission to the receive ports sounded by the UE. This implies that receive ports of the UE in DL would operate with different beams in accordance to spatial relation configuration of SRS resources.
	SRS-TxSwitch
Defines whether UE supports SRS for DL CSI acquisition as defined in clause 6.2.1.2 of TS 38.214 [12]. The capability signalling comprises of the following parameters:
-	supportedSRS-TxPortSwitch indicates SRS Tx port switching pattern supported by the UE. The indicated UE antenna switching capability of ′xTyR′ corresponds to a UE, capable of SRS transmission on ′x′ antenna ports over total of ′y′ antennas, where ′y′ corresponds to all or subset of UE receive antennas, where 2T4R is two pairs of antennas;
-	txSwitchImpactToRx indicates the entry number of the first-listed band with UL in the band combination that affects this DL;
-	txSwitchWithAnotherBand indicates the entry number of the first-listed band with UL in the band combination that switches together with this UL.
For txSwitchImpactToRx and txSwitchWithAnotherBand, value 1 means first entry, value 2 means second entry and so on. All DL and UL that switch together indicate the same entry number.
The UE is restricted not to include fallback band combinations for the purpose of indicating different SRS antenna switching capabilities.
	BC
	Yes
	No
	No


For example, in ‘1T2R’ configuration with two SRS resources, two different spatial relations could be used for sounding of the two receive antenna ports of the UE. Such SRS transmission for DL reception would imply simultaneous reception from two antenna ports of the UE configured with different beamforming. Such transmission approach in DL should be only relevant for the UE that has the corresponding capability, i.e., supporting NC-JT reception in the DL with multiple beams/panels. On the other hand the original intention of supporting per SRS resource level spatial relation update is enhancements to beam management procedure. It is therefore, necessary to clarify whether the working assumption of spatial relation update on SRS resource level is actually targeting CSI acquisition for NC-JT with multiple beams or some other purpose.


[bookmark: _Ref14704611]Figure 1 NC-JT transmission mode for DL
Proposal 1:
· It should be further clarified whether the working assumption of spatial relation update on SRS resource level for aperiodic SRS resource set configured with antenna switching is targeting CSI acquisition for NC-JT with multiple reception beams or some other purpose
Regarding actual scheme for spatial relation activation for SRS resource. We propose to adopt the approach similar to spatial relation update for SP SRS resources, although the actual details of MAC CE design should be up to RAN2. 
Proposal 2:
· Spatial relation update for A-SRS resource should be supported by using approach which is similar to spatial relation update supported for SP-SRS resource
It should be also discussed whether the guard periods of 1 or 2 OFDM symbol defined for SRS resources of SRS resource set configured for antenna switching should be relaxed considering RAN4 LS [2] indicating such possibility. Such relaxation would be helpful to increase the number of SRS transmission opportunities in the slot for the UE.
	For FR2, same 15us antenna switching time as FR1 can be applied since RAN4 has not discussed SRS switching for FR2. RAN4 will discuss if the switching time can be zero or shorter than 15us in next RAN4 meeting and come back with another reply to original LS.


Proposal 3:
· Send LS to RAN4 to inform about support of independent spatial relation configuration for SRS resources of SRS resource set configured with antenna switching and the need to retain the existing guard intervals for SRS resources considering earlier LS from RAN4 in [2]
It should be also noted that spatial relation update with granularity of SRS resource requires mechanisms of proper configuration of power control parameters with similar granularity. In particular, the existing configuration of power control on SRS resource set level makes it difficult to achieve the optimal power control setting optimized for each SRS resource. Since SRS resource set configured with antenna switching is not used for beam management purpose (where the same Tx power for all SRS resources is critical for UL beam selection) enhancement to power control configuration for SRS resources is needed to guarantee the quality of the channel measurements. In particular, SRS resource level configuration of the power control and MAC CE based activation of power control parameters on SRS resource should be considered.
Proposal 4:
· Consider power control configuration for SRS resource level with MAC CE based activation of power control parameters for SRS resource sets configured with antenna switching and different spatial relation info
2.2 Spatial relation update for PUCCH resources 
In RAN1#97 the working assumption was made to support spatial relation update per group of PUCCH resources. 
	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


	Considering the need of support legacy operation with spatial relation update on PUCCH resource level, explicit configuration of PUCCH group seems more robust and future proof solution. The group for PUCCH resources can be semi-statically configured by RRC with association of PUCCH resource ID. It should be further discussed whether or not PUCCH resource can be associated with at most one PUCCH group ID. It is also important to retain capability to update spatial relation info on PUCCH resource level in addition to PUCCH resource update for a group of PUCCH resources.
Proposal 5:
· PUCCH resource group is explicitly configured by RRC
· FFS whether PUCCH resource ID should be associated with at most one PUCCH group
· Retain capability in MAC for updating spatial relation info for PUCCH on resource level in addition to PUCCH group level irrespective of PUCCH group configuration
	Regarding number of PUCCH groups. Considering that most of the multi-TRP deployment scenarios consider two TRP transmission to the UE, support of two PUCCH groups seems sufficient. 
Proposal 6:
· Support at most two PUCCH groups in Rel-16
2.3 Extension of TCI-state to include SRS resource as a spatial source
In Rel-15 simultaneous SRS transmissions from SRS resource sets configured with the same time domain is supported. In practice such simultaneous transmission is not used by the UE resulting in UE capability report for SRS with very limited number of SRS resource sets. In particular we should expect that most of the practical UEs would support for at most two SRS resource sets with single SRS resource set configuration per supported SRS time domain behavior (e.g., 2 SRS resource sets in total with 1 periodic SRS resource set and 1 aperiodic SRS resource set). Moreover, due to slot offset configuration on SRS resource set level, the maximum number of SRS resources will be limited by a maximum number of SRS resources that can be transmitted in one slot. It is clear that the number of the transmission beams in the UL in this case is rather limited to support fine granularity beam sweeping for DL reception, if SRS resource is defined as reference in the TCI state. In practice such limited number of transmission beams could be only used for the local UL beam sweeping required to satisfy beam correspondence requirement. It is, therefore, not recommended to use SRS as source for DL beam management purposes by extending TCI configuration with SRS resource. 
Proposal 7:
· SRS resource is not supported in DL TCI as spatial source, since the practical number of beams that can be used for SRS transmission is limited to be used as good reference for DL beam management
2.4 Beam activation for group of CCs
	For further discussion
Study beam indication/activation for a group of CCs



	In CA scenarios of FR2, DL beam is typically shared across multiple CCs. It is therefore, natural to assume that any update in the DL transmission beam should be performed jointly on the corresponding group of CCs. For example, joint activation of TCI states for different CC can be considered. On the other hand joint activation of multiple TCI states across CCs is not sufficient to address the latency and overhead issue. In particular, RRC reconfiguration of TRS on each CC would still be required after activation of the beam for a group of CC. Such reference signal reconfiguration would dominate the latency and overhead and would offset the benefits provided by joint activation of TCI states across CCs. It is, therefore, necessarily to consider more general framework in NR which would allow joint activation not only for the TCI states in different CCs but also for the set of the reference signals (e.g. TRS).
Proposal 8:
· Joint activation of multiple TCI states for a group of CC is not sufficient to address the overhead and latency issues of activating beam
· Consider joint activation framework that would allow changing TCI state along with reference signals (e.g. TRS) across group of CCs

3 Panel indication for UL transmission
3.1 Beam reporting with MPE consideration
	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.


Due to safety emission limits in FR2 the beam which is optimal for DL transmission may not be always optimal for UL transmission. The sub-optimality is due to additional Tx power and/or duty cycle constraints at the UE for the beam directions in the UL traversing human body. Since the additional constraints are not known at the network side, the DL beams are typically reused by gNB for the UL transmission resulting in highly suboptimal UL operation. 
To avoid blind reuse of the reported beams for UL transmission the additional beam reporting (e.g., using SSBRI and CRI) targeting UL transmission should be considered. In particular Alt 1 seems the most promising approach to avoid or minimize constraint in UL transmission due to MPE.  Dedicated CRI or SSBRI report for UL transmission will provide more information to gNB and thus facilitates optimal beam selection for UL transmission taking into account MPE constraints. 
[image: ][image: ]
[bookmark: _Ref14952016]Figure 2 RSRP comparison for two UL transmission approaches
To demonstrate the performance advantages of independent beam selection for DL and UL transmission, system-level simulations were carried. In simulation two scenarios were compared:
· UL transmission to the serving cell by using the best beam with power back off of 10dB due MPE constraints
· UL transmission to the same serving cell by using the alternative best beam from the other panel free of MPE constraints
The results of simulations are provided in Figure 2 for two deployment scenarios of dense urban macro and indoor hotspot. It can be seen that the best Tx/Rx beam pair for DL transmission is not necessarily the best for UL transmission when MPE constraints are taken into account. 
It should be also noted that independent beam reporting for DL and UL should be also beneficial for multi-TRP scenarios. More specifically for HetNet deployments it is possible that optimal links for DL and UL transmission may not be the same (see Figure 3). Different beams for DL and UL transmission in HetNet is explained by Tx power difference of the TRPs in DL and the same Tx power of the UE in UL. 


					
[bookmark: _Ref14883914]Figure 3 Illustration of independent beam selection for DL and UL in HetNet scenario
To facilitate the optimal beam selection in such deployment scenario, additional Tx power offset parameter should be provided to the UE as part of reporting configuration. When the power offset parameter is configured for the UE beam selection for UL transmission can be based on the scaled RSRP taking into account contribution of the TRP transmission power into the measured RSRP.
Proposal 9:
· Introduce SSBRI and CRI reporting targeting UL transmissions
· SSBRI and CRI reporting for UL should take into account additional constraints existing at the UE such as MPE
· Include power offset signalling in the reporting configuration to account possible Tx power difference of TRPs for accurate UL beam selection in multi-TRP scenarios
3.2 Panel indication for UL transmission
	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]





	Considering that the existing beam reporting schemes doesn’t distinguish beam reporting for DL and UL, it seems natural to assume that all reported beams from the UE would correspond to the same panel. From this perspective we see no value of supporting any panel information exchange between gNB to UE during the actual transmission.
	If however, beam reporting for DL and UL could be made different (e.g. due to MPE or multi-TRP), the benefits of making gNB aware about association of the reported beam to different panels becomes more pronounced for specification and can be used, e.g., for the power saving purpose at the UE.
Proposal 10:
· It should be further discussed the use case of panel signalling before making conclusions on Alt. 2 and Alt. 3 for UL panel indication
4 Beam recovery on SCell

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

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.
R1-1907850	[DRAFT] LS on MAC CE design for SCell BFR	Ericsson 

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

Agreement
· When SCell BFR is configured and RS for new beam identification is configured, the threshold for new beam identification should be always configured
· If a SCell has failed, when there is no new beam with L1-RSRP higher than configured threshold for SCell BFR, for new beam information reporting, UE reports that there is no new beam identified for the SCell




4.1 Beam Recovery on SCell with DL Only
In RAN1#97, it was agreed that step 1, i.e., signaling for beam failure is carried over an SR-like PUCCH resource over the PCell or PSCell. The remaining details (in RAN1) are regarding information needed to be conveyed in step 2. Since a beam failure event occurs when all beams in the SCell are below the RSRP threshold, the step 2 information should include the failed CC index, along with new beam information (NBI) reported as part of a MAC CE transmission. The information on NBI can be provided in the form of SSBRI or CRI while information on the failed SCell can be in the form CC or CC group index (to reduce signalling overhead). 

Proposal 11:
· Confirm the working assumption that Step 2 information is carried by MAC-CE.
· Step 2 information should include failed CC or group CC index and new beam information in the form of SSBRI or CRI as part of MAC-CE. 

Additionally, it is to be decided whether or not it is precluded that MAC CE in step 2 is multiplexed in a PUSCH not triggered by step 1. If this option is not precluded, this would mean that for the case of BFRQ, step 1 is not necessary and a MAC layer procedure involving step 2 MAC-CE multiplexed on a configured PUSCH can resolve new beam indication. This can be further discussed based on RAN2 input to the LS.

Additionally, the procedure for step 3 i.e., how to determine the end of BFR procedure should also be discussed. After the UE sends NBI to the gNB in step 2, the step 3 procedure can be either through explicit reconfiguration or through implicit signaling. For example, for the explicit reconfiguration case, the gNB can leverage PCell to send a MAC-CE to activate a TCI state corresponding to the NBI and the link recovery is complete when UE receives a PDCCH. Conversely, in the implicit case, CORESET-BFR can be used i.e., the UE should start monitoring the CORESET associated with recoverySearchSpaceId from BeamFailureRecoveryConfig with the assumption that PDCCH transmission will be QCL with the NBI and link recovery is complete when UE receives PDCCH/PDSCH on the BFR CORESET. 

Proposal 12:
· BFR should be concluded with a step-3 procedure. Send LS to RAN2 to clarify the remaining part of BFR procedure after step 2:
· Option 1: UE may monitor SCell CORESET corresponding to recoverySearchSpaceId from BeamFailureRecoveryConfig with the assumption that the PDCCH transmission is QCL with the indicated new beam and BFR concludes when UE receives PDCCH on this CORESET. 
· Option 2: TCI states are updated by using Rel-15 MAC CE

4.2 Beam Recovery on SCell with DL and UL 
For the case when SCell has both DL and UL, there are a few possible alternatives for beam recovery for the SCell. The alternatives are listed below:

· Alt. 1: BFR over PCell (same as SCell with DL only)
· Alt. 2: BFR over SCell
· PRACH on SCell
· 
Alt. 2-1: Periodic PRACH resources 
· Alt. 2-2: PDDCH order-like triggered PRACH (DCI from PCell)
· Alt. 2-3: MAC-CE over single or multi-slot PUSCH
The alternatives are discussed below with related pros and cons for each case. 
Alt. 1: BFR over PCell (same as SCell with DL)
In this case, the PCell procedure for SCell with DL only can simply be replicated for SCell with both DL and UL. This might involve minimal specification but since it does not utilize the SCell UL, it will contribute to high PRACH overhead in the PCell, the configuration and dimensioning will need to include SCell BFR in addition to PCell RACH operation. Therefore, in terms of minimizing overhead, a class of solutions which can potentially utilize the SCell UL are also required. 
Alt. 2: BFR over SCell
For the case when UL on the SCell is considered for BFR, there can be different solutions based on the optimization of overhead, latency and resource utilization. The two main classes of solution are involving PRACH over SCell and MAC-CE over SCell PUSCH. The solutions are further discussed in the sequel.
Alt. 2-1: Periodic PRACH resources  
In this case, pre-configured PRACH resources on the SCell UL can be used for new beam indication on the SCell. The procedure is shown in Figure 4.


[bookmark: _Ref16687265]Figure 4 BFR with Periodic PRACH on SCell

It can be seen that in this case, the UE can directly initiate step 2 procedure over SCell. However, the assumption is that preconfigured RACH resources are available at the SCell for this transmission. Note that there may be a delay associated with PRACH based BFR on SCell. This delay is owing to the fact that based on the configured periodicity and the SSB which meets the RSRP threshold, the UE might need to wait for the corresponding PRACH occasion to transmit the NBI. Furthermore, multiple PRACH transmissions might be necessary (depending on configuration) and the overall periodicity of the PRACH occasions might add to the latency.



[bookmark: _Ref16687192]Figure 5 PRACH Periodicity based on PRACH index 1 and association with 16 SSBs



For example, in Figure 5, 16 beams are configured and the UE has 12 PRACH occasions within a PRACH slot with 6 PRACH TDM occasions and 2 ROs FDM-ed within each TD occasion. The PRACH slots are 3, 7, 11, 15… based on configuration index 1. In this case, the best case latency is for when SSB 1 is the best beam. However, in the case that SSB 15 corresponds to the best beam, the UE will have to wait 4 slots to transmit on the corresponding RACH occasion. Therefore, the latency  is a non-negligible component in the overall BFR procedure.
Alt. 2-2: PDDCH order-like triggered PRACH (DCI from PCell)
In this case, the BFR process will follow step 1 procedure for indicating BF event over SR-like PUCCH over the PCell, assuming the PCell has active link. In response the PCell can trigger a PDCCH order-like dynamic RACH configuration over a PCell DCI. 


[bookmark: _Ref16687238]Figure 6 BFR with PCell triggered PDCCH order-like RACH

In this case the PDCCH order-like RACH configuration can configure a set of SSB/RACH associations for the UE to measure and respond with new beam information on the RACH occasion corresponding to the SSB above the RSRP threshold. The process is outlined in Figure 6. The delay in transmission of the PRACH includes the delay in transmission of the first PRACH symbol transmission as well as delay based on the configured RACH periodicity

	

[bookmark: _GoBack]The value of for FR2 and the delay due to PRACH periodicity is explained in Alt. 2-1. The major advantage of Alt. 2-2 over the previous alternative is that dynamically configured PRACH occasions can be used which might save overhead due to wasted RACH resources and lead to better dimensioning of CFRA over SCell. This can potentially reduce latency depending on how many SSBs need to be configured for beam detection. If the gNB can configure fewer SSBs then the latency due to RACH periodicity might also be reduced.
Alt. 2-3: MAC-CE over single or multi-slot PUSCH
In this alternative, we consider the case that PRACH is not used for SCell step 2 NBI and instead a PUSCH with MAC-CE containing the NBI can be scheduled over a single or multiple slots for the step 2. 


[bookmark: _Ref16687218]Figure 7 BFR over SCell PUSCH using MAC-CE for NBI
In this case, the Step 1 procedure is similar to the PCell BFRQ. In response the PCell can configure a single or multi-slot PUSCH grant where the UE transmits the NBI and failed CC index inside a MAC-CE. The UE is not expected to transmit with spatial filter configured before beam failure and should be able to choose a spatial filter to transmit the PUSCH. In case of multi-slot, the same MAC-CE is transmitted over all the slots. The spatial filter for UL transmission is decided by the UE based on NBI. The process is outlined in Figure 7. Although the gNB might not know the UL beam to monitor, it can sweep beams over the multiple repetitions of the PUSCH and leverage combining gain over these beams. It does not necessarily need the optimal beam in order to decode the MAC-CE in the received PUSCH provided combining gain can be leveraged. Once the MAC-CE is decoded, the usual beam recovery can proceed as in step 3. This option is similar to the solution for SCell with DL only. From a MAC-CE perspective, the framework for both cases is unified since no differentiation between PCell and SCell is needed from higher layer. 
Comparison of Alt. 2-1/2-2 and Alt. 2-3  
For comparing PRACH and MAC-CE based approaches for BFR over SCell with UL and DL, we have two main considerations, e.g., latency and resource utilization.
1. Latency: In terms of latency, the PRACH based approach can have a best case latency which might be the same as that of the MAC-CE based approach in the case when the optimal beams coincide with the first PRACH occasion. However, the worst case latency for PRACH can be a major bottleneck especially when optimal beam corresponds to SSBs which map to last few PRACH occasions and the UE has to wait to transmit as shown in Figure 5. Furthermore, in coverage limited scenarios, single PRACH transmission might be missed and in this case, the overall PRACH periodicity might add significant latency to the transmission. For the MAC-CE based approach, although repetitions might be required, if the gNB is able to leverage combining gain from multi-beam reception, the latency might significantly reduce.
2. Resource Utilization: For the PRACH based approach, we note that CFRA is used for the new beam indication. Therefore, for preconfigured or dynamically configured RACH resources are quite expensive. Therefore, in the case of a large number of configured beams, the UE wastes a number of RACH resources since it transmits only on the resource corresponding to the one best beam. Furthermore, based on the RACH resource configuration, there might be significant overhead associated with RACH based transmission. On the other hand, the PUSCH based MAC-CE transmission might utilize multiple repetitions (based on higher layer configuration) but can leverage combining gain. Furthermore, PUSCH resources are more flexibly configurable compared to RACH occasions thereby improving overall resource utilization. 
Proposal 13: 
· For BFR on SCell with both DL and UL, BFR can be performed over the SCell and for step 2, a MAC-CE over PUSCH can be used to convey the new beam indication and failed CC index.
· The spatial relation info for PUSCH transmission carrying MAC CE is determined by the UE
For UE capability signalling, we have the following proposal.
Proposal 14:
· UE capability should also include the total number of BFD RS and RLM RS across all CCs including PCell

5 L1-SINR reporting
	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


	According to Rel-15 specification, L1-RSRP reporting for beam management is supported using CSI framework. For that purpose reportQuantity configuration of CSI-ReportConfig can be set to 'none', 'cri-RSRP' or 'ssb-Index-RSRP'. Considering that L1-SINR is only supported for CSI-RS the reportQuantity can be extended to also include ‘cri-SINR’.
	Similar to Rel-15, CSI-ReportConfig can be associated with the following resource settings:
For aperiodic CSI-ReportConfig:
· One resource setting
· CSI-RS resource setting is used for both channel and interference measurements
· Two resource settings
· One CSI-RS resource setting is used for channel measurements and one CSI-IM resource setting for interference measurements
· Three resource setting
· One CSI-RS resource setting is used for channel measurements, one CSI-RS resource setting for interference measurements and one CSI-IM resource setting for interference measurements

For periodic and semi-persistent CSI-ReportConfig:
· Two resource setting
· One CSI-RS resource setting is used for channel measurements and one CSI-IM resource setting for interference measurements
· Three resource setting
· One CSI-RS resource setting is used for channel measurements, one CSI-RS resource setting for interference measurements and one CSI-IM resource setting for interference measurements
	If ‘cri-SINR’ is configured, UE should provide L1-SINR report according to the corresponding configuration. At most four L1-SINR reports should be supported similar to L1-RSRP, where the first L1-SINR is reported as absolute value and the remaining SINR reports (if supported) as differential relatively to the first SINR report.
	The absolute L1-SINR should be quantized using 7 bits in the range from -23dB to 40dB with 0.5dB similar to SINR quantization in TS 38.133. The reporting range of differential SINR L1-SINR reporting can be also defined as in TS 38.133 from 0 dBm to -30 dB with 2 dB resolution.	CSI occupancy and priority rules of L1-SINR should follow L1-RSRP reporting with modification that L1-SINR should have lower priority to L1-RSRP but higher priority than other CSI reports.
Proposal 15:
· Introduce new CSI reporting configuration of ‘cri-SINR’ to support L1-SINR report
· New CSI reporting configuration is supported with periodic and semi-persistence CSI-RS
· Only L1-SINR and CRI is reported
· Note: Other reporting configuration may include L1-RSRP 
· The L1-SINR for the best beam is reported as absolute SINR while the remaining using differential SINR for up to four beams in total deepening on UE capability
· L1-SINR quantization follows SINR quantization defined in TS 38.133
· CPU occupancy rules for L1-SINR is the same as L1-RSRP
· In case of collision L1-SINR report has lower priority than L1-RSRP report but higher priority than other CSI reports
Summary
In this contribution we provided our views regarding multi-beam enhancements for Rel-16. The following proposals were made:

Spatial relation update for aperiodic SRS resources 
· It should be further clarified whether the working assumption of spatial relation update on SRS resource level for aperiodic SRS resource set configured with antenna switching is targeting CSI acquisition for NC-JT with multiple reception beams or some other purpose
· Spatial relation update for A-SRS resource should be supported by using approach which is similar to spatial relation update supported for SP-SRS resource
· Send LS to RAN4 to inform about support of independent spatial relation configuration for SRS resources of SRS resource set configured with antenna switching and the need to retain the existing guard intervals for SRS resources considering according to earlier LS from RAN4 in [2]
· Consider power control configuration for SRS resource level with MAC CE based activation of power control parameters for SRS resource sets configured with antenna switching and different spatial relation info
Spatial relation update for PUCCH resources
· PUCCH resource group is explicitly configured by RRC
· FFS whether PUCCH resource ID should be associated with at most one PUCCH group
· Retain capability in MAC for updating spatial relation info for PUCCH on resource level in addition to PUCCH group level irrespective of PUCCH group configuration
· Support at most two PUCCH groups in Rel-16
Extension of TCI state with SRS resource
· SRS resource is not supported in DL TCI as spatial source, since the practical number of beams that can be used for SRS transmission is limited to be used as good reference for DL beam management
Beam activation for a group of CCs
· Joint activation of multiple TCI states for a group of CC is not sufficient to address the overhead and latency issues of activating beam
· Consider joint activation framework that would allow changing TCI state along with reference signals (e.g. TRS) across group of CCs
Beam reporting with MPE considerations
· Introduce SSBRI and CRI reporting targeting UL transmissions
· SSBRI and CRI reporting for UL should take into account additional constraints existing at the UE such as MPE
· Include power offset signalling in the reporting configuration to account possible Tx power difference of TRPs for accurate UL beam selection in multi-TRP scenarios
Panel indication for UL transmission
· It should be further discussed the use case of panel signalling before making conclusions on Alt. 2 and Alt. 3 for UL panel indication
Beam recovery on SCell
· Confirm the working assumption that Step 2 information is carried by MAC-CE
· Step 2 information should include failed CC or group CC index and new beam information in the form of SSBRI or CRI as part of MAC-CE. 
· BFR should be concluded with a step-3 procedure. Send LS to RAN2 to clarify the remaining part of BFR procedure after step 2:
· Option 1: UE may monitor SCell CORESET corresponding to recoverySearchSpaceId from BeamFailureRecoveryConfig with the assumption that the PDCCH transmission is QCL with the indicated new beam and BFR concludes when UE receives PDCCH on this CORESET. 
· Option 2: TCI states are updated by using Rel-15 MAC CE


· For BFR on SCell with both DL and UL, BFR can be performed over the SCell and for step 2, a MAC-CE over PUSCH can be used to convey the new beam indication and failed CC index.
· The spatial relation info for PUSCH transmission carrying MAC CE is determined by the UE
· UE capability should also include the total number of BFD RS and RLM RS across all CCs including PCell
On L1-SINR reporting
· Introduce new CSI reporting configuration of ‘cri-SINR’ to support L1-SINR report
· New CSI reporting configuration is supported with periodic and semi-persistence CSI-RS
· Only L1-SINR and CRI is reported
· Note: Other reporting configuration may include L1-RSRP 
· The L1-SINR for the best beam is reported as absolute SINR while the remaining using differential SINR for up to four beams in total deepening on UE capability
· L1-SINR quantization follows SINR quantization defined in TS 38.133
· CPU occupancy rules for L1-SINR is the same as L1-RSRP
· In case of collision L1-SINR report has lower priority than L1-RSRP report but higher priority than other CSI reports
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