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Introduction
In Release-15, beam management was specified as a new feature in order to facilitate directional data transmission and reception, especially at high frequencies.
In RAN#80 meeting, enhancement of multi-beam operation was included as part of the work plan for NR MIMO enhancement in Rel-16 [1]. In this contribution, we provide our views on different aspects of multi-beam operation enhancement in Rel-16.
Beam failure recovery on SCell
According to [1], beam failure recovery (BFR) for SCell based on Release-15 mechanism will be specified in Release-16. In previous RAN1 meetings, the following agreement related to beam failure recovery on SCell was made [3-7]:
	Agreement
RAN1 has identified the following scenarios to be important for SCell BFR
· Scenario 1: SCell with both uplink and downlink
· Scenario 2: SCell with downlink only
· PCell can be in FR1 or FR2 for scenarios above

Agreement
Specification support will be provided for gNB to derive at least the failed CC index during SCell BFR procedure
· FFS: Whether the information is implicitly derived or explicitly conveyed by the UE
· FFS: Whether new beam information should be included
· FFS: Details on triggering for transmitting BFRQ

Agreement
· SCell BFD is based on periodic 1-port CSI-RS, which can be configured explicitly by RRC or implicitly by TCI state. 
· Down-select one of the following alternatives in RAN1#96:
· Alt 1: SCell BFD RS is in current CC
· Alt 2: SCell BFD RS is in current CC for explicit configuration and can be in current CC or another CC for implicit configuration
· Alt 3: SCell BFD RS can be in current CC or another CC for both explicit and implicit configuration
· SCell BFD is measured based on hypothetical BLER

Agreement
Down-select at least one of the following alternatives:
· Alt 1: For SCell BFR, BFRQ can be transmitted if UE declares beam failure and identifies a new candidate beam.
· UE reports new beam information by or after BFRQ
· Alt 2: For SCell BFR, BFRQ can be transmitted if UE declares beam failure.
· UE only indicates beam failure happens by BFRQ
· Note: new beam identification can be done by using DL BM procedure
· Alt 3: For SCell BFR, BFRQ can be transmitted if UE declares beam failure
· UE may report new beam information during BFR procedure 
· FFS: impact of new beam identification threshold
· Note: It is up to UE whether to do beam failure detection and new beam identification in parallel or not
· For Alt1 and Alt3, reference signals for new candidate DL beam(s) are configured, which are based on CSI-RS and/or SSB.
· FFS: whether the CSI-RS and/or SSB can be in another CC
· FFS: signaling details, e.g. RRC and/or MAC CE

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

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

Agreement
Downlink RS for new beam identification can be based on SSB and CSI-RS for BM

Agreement
[bookmark: _Hlk5796618]Downlink RS for new beam identification can be transmitted in active BWP of the CC which is configured to be monitored for BFR or another CC within the same band

Agreement
New beam identification threshold is based on L1-RSRP

Agreement
At least for explicit configuration, downlink RS for BFD is in current CC 
· FFS: Downlink RS for BFD in another CC within the same band for implicit configuration

Agreement
· For SCell with downlink only, UE reports failed CC index(es) and new beam information (if present) by PUSCH or PUCCH
· FFS: whether it is carried by MAC CE or UCI-like PUSCH or PUCCH
· Down-select at least one options for BFRQ procedure in RAN1 #97:
· Option 1: Failed CC index(es), new beam information (if present) and beam failure event to be reported by a single report by MAC CE 
· FFS: whether or not to have spec impact on resource for MAC CE
· Resource for MAC CE is not triggered by dedicated PUCCH/PRACH for BFR
· Option 2: step 1: UE conveys beam failure event, and step 2: UE reports new beam information (if present) and failed CC index(es)
· Step 1 is carried by dedicated PUCCH/PRACH resource
· Step 2 is carried by MAC CE or UCI
· Option 3: step 1: UE conveys beam failure event and failed CC index(es), and step 2: UE reports new beam information (if present)
· Step 2 is carried by MAC CE or UCI, e.g. AP-CSI
· PUCCH/PRACH is used for step 1 to carry failed CC index(es) implicitly
· FFS: whether it is single-bit PUCCH or multi-bit PUCCH
· The failed CC index(es) should be selected from up to N_max CCs for SCell BFR
· FFS: N_max 



On the basis of aforementioned agreement, we provide our views on BFR solutions for DL-only SCell.

BFR solutions for DL-only SCell
In RAN1#AdHoc1901 meeting, it was agreed that DL-only SCell scenario shall be discussed first [3]. In the following sections, we will discuss the BFR solution for DL-only SCell scenario from the perspective of beam failure detection, beam failure recovery request and beam failure recovery response, respectively.

Beam failure detection 
It was agreed in the previous RAN1 meeting that explicit BFD RS configuration is applicable to the RS in the current CC [3]. The leftover issue is for the case of implicit configuration.
In the release-15, a UE can be configured with up to 32 CCs. It is very likely that some of these CCs are within the same band. Assuming that the channel characteristic of the CCs within the same band is the similar, it is natural for them to share the same BFD RS(s). This can significantly reduce the total number of BFD RS.
Hence, based on the discussion above, we prefer that downlink RS for BFD in another CC within the same band can be used via implicit configuration. This can provide the flexibility for cross-CC BFD RS referencing which can significantly reduce the overhead for monitoring BFD RS.
Proposal 1: Support downlink RS for BFD in another CC within the same band for implicit configuration.

Beam failure recovery request
In the previous meeting, it was agreed that UE reports failed CC index(es) and new beam information (if present) by PUSCH or PUCCH. For the next step, it is important to clarify the procedure of beam failure recovery request. According to the agreement [3], three options for BFRQ procedure were provided for down-selection. The main issue for the further down-selection is the number of steps for BFRQ procedure (1 step vs. 2 step). The advantages and disadvantages of each BFRQ procedure are discussed as follows.
1-step BFRQ procedure (Option 1)
Advantage
· Minimum standardization impact (at least from RAN1 perspective).
Disadvantage:
· Latency issue. For the case that UL data transmission resources are not provided by gNB, UE needs to convey SR and BSR to gNB for requiring UL resources. This may result in significant delay in time domain.

2-step BFRQ procedure (Option 2&3)
Advantage:
· Reduced latency. The first step of BFRQ is conveyed via dedicated resource, which is of less latency. When the first step of BFRQ procedure have been conveyed to gNB, gNB acknowledges the requirement for the following UL data transmission and is able to schedule the corresponding UL resources. Hence, the transmission of SR and BSR is no longer necessary, which means the latency of BFRQ procedure can be reduced.
Disadvantage:
· More standardization impact (at least from RAN1 perspective).

According to the above discussion, 2-step BFRQ procedure is more preferable than 1-step BFRQ procedure since it is able to provide a unified low-latency solution for different cases.
Observation: In comparison with 1-step BFRQ procedure, 2-step BFRQ procedure can provide a unified low-latency solution for different cases.
If 2-step BFRQ procedure is adopted, the following issue is the content of the BFRQ for each step. The main difference between Option 2 and Option 3 is that the first step of Option 2 is only for reporting BFR event, while the first step of Option 3 is for reporting both the BFR event and SCell ID. In comparison with Option 2, Option 3 requires more dedicated resources. For the scenario of DL only SCell BFR, these dedicated resources are very likely to be the resources in PCell. Assuming 32 SCells are configured to a UE and each of them is capable for performing BFR procedure, the dedicated resources reserved by Option 3 is huge. Hence, from the perspective of resource efficiency, Option 2 is preferred.
Proposal 2: In terms of the BFRQ procedure down-selection, Option 2 is preferred, which is:
· Step 1: UE conveys beam failure event 
· Step 2: UE reports new beam information (if present) and failed CC index(es)

Also, for the scenario of DL-only SCell, beam failure request is not possible to be transmitted on the failing cell. Then, there are two alternatives for BFRQ transmission: one is via PCell, and the other one is via SCell with UL.
In our view, PCell only is enough for the BFRQ transmission. For example, if BFRQ is PRACH-based, multiple CCs can share the same SCell BFD RS(s). This means that the amount of corresponding PRACH resources reserved for SCell BFR is acceptable. Or, if BFRQ is MAC-CE based, the index of candidate beam and the index of failing CC can be explicitly reported by PUSCH, which will not occupy too much resources as well. Hence, we have the following proposal.
Proposal 3: The transmission of BFRQ for SCell BFR is only via PCell.

Beam failure recovery response
According to TS 38.321 [2], only one RACH procedure is allowed at one time. This means PCell BFR procedure and SCell BFR procedure cannot happen simultaneously. Therefore, for the purpose of resource efficiency, it is natural for SCell BFR to reuse the resource (CORESET-BFR) for PCell BFR response reception.
Proposal 4: UE expects to receive SCell beam failure recovery response on PCell
· The CORESET for PCell beam failure recovery response reception is reused for SCell beam failure recovery response reception.

BFR for cross carrier scheduling
Rel-15 BFR mechanism is based on PDCCH channel monitoring. For a UE configured with multiple serving cells, it is very likely that a SCell is cross carrier scheduled by another serving cell. For those scheduled cells, Rel-15 BFR mechanism does not work when there is no PDCCH resource configured on those SCell. As a consequence, link failure on the SCell cannot be quickly recovered.
Proposal 5: Study BFR on the scheduled SCell for cross carrier scheduling.

Beam measurement and reporting based on L1-SINR
According to [1], L1-SINR based beam measurement and reporting will be specified in Release 16. In the previous RAN1 meetings, the following agreement related to L1-SINR based beam measurement and reporting was made [3-7]:
	
Agreement
· L1-SINR is supported. L1-RSRQ is not supported.
· Companies to study and provide definition of L1-SINR
· Study the reporting content, e.g.
· Whether CRI/SSBRI is reported
· Whether differential group/non-group reporting is applied
· Whether L1-RSRP is reported
· Study the interference measurement mechanism

Agreement
· Support L1-SINR measured from
· For signal part, SSB and/or NZP CSI-RS
· FFS: For interference part
· Companies are encouraged to provide simulation results on how to measure/define L1-SINR, e.g. whether interference is measured from dedicated IMR
· For example, take Rel-15 L1-RSRP and/or SINR specified in 38.215 as a comparative reference for evaluation purposes
Agreement
For interference part, down-select at least one from the following alternative:
· Alt 1: Dedicated resource(s) for interference measurement
· FFS: UE assumes interference signal on the REs of the RS for signal part and REs for dedicated resource(s) for interference measurement similar to specified in 38.214
· FFS: whether resource(s) for interference measurement can be NZP based or ZP based or both
· FFS: whether/how to reuse NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement
· Alt 2: The same reference signal as signal part as specified in 38.215
· Alt 3: Alt1 when SSB is used for signal part, Alt2 when CSI-RS is used for signal part
· Companies are encouraged to provide simulation results for down-selection

Agreement
For L1-SINR, interference can be measured based on dedicated resource(s) for interference measurement.
· FFS: UE assumes interference signal on the REs of the RS for signal part and REs for dedicated resource(s) for interference measurement similar to specified in 38.214
· FFS: whether resource(s) for interference measurement can be NZP based or ZP based or both
· FFS: whether/how to reuse NZP CSI-RS resource(s) configured for channel measurement as resource(s) for interference measurement 

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

Agreement
RAN1 to determine one of the following for L1-SINR in RAN1#97:
· L1-SINR based on ZP+NZP IMR
· L1-SINR based on ZP IMR only
· L1-SINR based on NZP IMR only
If there is no agreement on this issue in RAN1#97, L1-SINR will not be supported in Rel-16.

Agreement
At least support gNB can configure UE to report up to N reported SSBRI/CRIs defined in Rel-15 and corresponding L1-SINR values for in a beam reporting instance
· N is configured by RRC signaling with candidate values of {1, 2, 3, 4}
· FFS: SSBRI/CRI implies a CMR/IMR combination configured by gNB based on CSI framework
· FFS: details on information on CMR/IMR association
· Make a decision in RAN1 #97 whether to support gNB to configure UE to report [IMR index] and RSRP additionally in a beam reporting instance
· Companies are encouraged to provide evaluation results



On the basis of aforementioned agreement, we provide our views on beam measurement and reporting based on L1-SINR.

NZP-based vs. ZP-based IMR
In RAN1#95 meeting, it was agreed that dedicated resources can be used for interference measurement for L1-SINR based beam management [2]. For the next step, it is beneficial to discuss whether the dedicated resource is ZP-based and/or NZP-based. 
On one hand, ZP-based IMR can provide semi-static interference hypotheses within a long time period which is very suitable to reflect long-term inter-TRP interference. Therefore, if ZP-based resource is used, it can help UE to avoid unexpected interference from other TRPs.
On the other hand, NZP-based IMR can provide interference hypotheses within the same TRP (e.g. interference generated by MU-MIMO or inter-beam interference generated by a different antenna panel). NZP-based interference measurement can be performed even before the corresponding data transmission actually starts. gNB can facilitate the result of NZP-based interference measurement for the following data scheduling. Hence, we also suggest to take NZP-based IMR into consideration.
Proposal 6: In terms of interference measurement, both ZP-based IMR and NZP-based IMR need to be considered for the awareness of both inter-TRP interference and inter-beam interference within the same TRP.

The reuse of CMR for interference measurement
Another issue leftover in the previous meeting is whether CMR can be reused for interference measurement.
In the perspective of SINR measurement accuracy, the reuse of CMR for interference measurement is sub-optimal. In our understanding, if the resource for signal measurement is reused for interference measurement, a UE is required to firstly derive signal power on the resource and then subtract the signal power from the entire received power on the resource to acquire interference power. By doing so, the accuracy of both signal measurement results and interference measurement results will be degraded.
However, in the perspective of spectral efficiency, the reuse of CMR for interference measurement is very attractive in comparison with dedicated IMR since no extra RS is needed for interference measurement.
In order to achieve best system performance, the interference measurement methods mentioned above can be smartly combined. For example, dedicated IMR can be used for the case where accurate SINR measurement is necessary; and CMR for interference measurement can be used for the case where SINR measurement accuracy is not necessarily to be very high (for improving spectral efficiency). Hence, we propose that UE shall have the flexibility to measure interference over dedicated IMR and/or CMR.
Proposal 7: NZP CSI-RS resource(s) configured for channel measurement can be reused as resource(s) for interference measurement.

CSI framework for SINR-based beam management
In addition, current Rel-15 CSI framework has already provided a flexible CSI measurement mechanism for both signal and interference measurement (for ZP-based and/or NZP-based). In our view, the current CSI framework can be reused as much as possible to support L1-SINR based beam management.
Proposal 8: Strive to reuse the CSI framework specified in Rel-15 38.214 for the support of L1-SINR based beam management.

Conclusion
In this contribution, the discussion on SCell BFR and L1-SINR based beam management are provided. Based on the discussion, we have the following proposals:
Proposal 1: Support downlink RS for BFD in another CC within the same band for implicit configuration.
Observation: In comparison with 1-step BFRQ procedure, 2-step BFRQ procedure can provide a unified low-latency solution for different cases.
Proposal 2: In terms of the BFRQ procedure down-selection, Option 2 is preferred, which is:
· Step 1: UE conveys beam failure event 
· Step 2: UE reports new beam information (if present) and failed CC index(es)
Proposal 3: The transmission of BFRQ for SCell BFR is only via PCell.
Proposal 4: UE expects to receive SCell beam failure recovery response on PCell
· The CORESET for PCell beam failure recovery response reception is reused for SCell beam failure recovery response reception.
Proposal 5: Study BFR on the scheduled SCell for cross carrier scheduling.
Proposal 6: In terms of interference measurement, both ZP-based IMR and NZP-based IMR need to be considered for the awareness of both inter-TRP interference and inter-beam interference within the same TRP.
Proposal 7: NZP CSI-RS resource(s) configured for channel measurement can be reused as resource(s) for interference measurement.
Proposal 8: Strive to reuse the CSI framework specified in Rel-15 38.214 for the support of L1-SINR based beam management.
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