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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
· Beam Failure Recovery for SCell
· L1-SINR
2	Discussion
2.1	Enhancements on beam selection to reduce latency and overhead
[bookmark: _Hlk16853410]2.1.1	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 by using one MAC CE:
	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) for instance the following agreements were made regarding to PUCCH resource groups in RAN1#98:
	Agreement
In order to switch between joint and separated ACK/NACK feedback within a slot, 
· RRC signaling is used to switch between joint feedback and separate feedback
· Note that UE can use separate HARQ-ACK codebooks when the indicated PUCCH resources for two TRPs are different slots/[sub-slot]. 




As can be seen from the above agreement, 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 1: 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 2: Support up to four PUCCH groups. Groups may be for the single TRP or multiple TRPs. 

2.1.2	Default spatial relation for the dedicated-PUCCH/SRS
Regarding defining default spatial relation for the dedicated-PUCCH/SRS the following agreement was made in RAN1#98:
	Agreement 
At least for UEs supporting beam correspondence, if spatial relation info for dedicated-PUCCH/SRS, except for SRS with usage = 'BeamManagement', is not configured in FR2, the applied default spatial relation for the dedicated-PUCCH/SRS is down-selected from the followings in RAN1#98bis
· Alt.1: default TCI state or QCL assumption of PDSCH (e.g. the most recent slot and the lowest CORESET ID)
· Alt.2: one of an active TCI state of CORESET
· FFS: details of which TCI state
· [bookmark: _Hlk18420709]Alt.3: TCI state of scheduling PDCCH for A-SRS/PUCCH, and default TCI state or QCL assumption of PDSCH for other than A-SRS/PUCCH
· Alt.4: CORESET#0 QCL assumption
· Alt.5: pathloss reference RS
· FFS: details of which pathloss reference RS
· FFS: whether to apply the above for UEs not supporting beam correspondence



Defining default spatial relation for the dedicated-PUCCH/SRS would provide means for overhead reduction but also for the system to operate efficiently the available beam resources. One important aspect to take into account is multi-TRP scenario where UE may be transmitting/receiving to/from multiple TRPs. From the alternatives it is considered logical to have a TCI state of scheduling PDCCH to act as default spatial source for aperiodically triggered/allocated uplink transmissions, i.e. for A-SRS/PUCCH, and default TCI state of QCL assumption of PDSCH for other than A-SRS/PUCCH. Alt.3 would allow efficient multi-TRP operation where UE can be triggered to transmit HARQ ACK/NACK to the scheduling TRP without additional spatial source configuration and update for the PUCCH resources. Thus, we consider Alt.3 would be the most feasible approach.
[bookmark: _Ref21092482]Proposal 3: Adopt Alt.3: TCI state of scheduling PDCCH for A-SRS/PUCCH, and default TCI state or QCL assumption of PDSCH for other than A-SRS/PUCCH.
Related to FFS point: 
· FFS: whether to apply the above for UEs not supporting beam correspondence

It’s noted that the beam correspondence is already agreed as mandatory feature in Rel.15. There is UE capability of beam correspondence (beamCorrespondenceWithoutUL-BeamSweeping) to indicate how UE supports FR2 beam correspondence. It’s our understanding that gNB is always allowed to configure DL RS as the spatial source for the UE (for both capabilities 1 and 0). Thus, we conclude that there is no need to consider non-beam correspondence case.
[bookmark: _Ref21092491]Observation 2: Beam correspondence is a mandatory feature and gNB is allowed to configured DL RS as the spatial source for any UE without applying UL beam sweeping. 
[bookmark: _Ref21092499]Proposal 4: Do not consider non-beam correspondence case for defining default spatial relation for the dedicated-PUCCH/SRS.

[bookmark: _Hlk16853487]2.1.3	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#98:
	Agreement
Continue discussion on the support of updating pathloss RSs for power control for PUSCH and SRS via MAC-CE, including the following candidates until RAN1#98bis:
· Option 1: For codebook based PUSCH transmission, the pathloss RS follows DL RS in spatial relation associated with SRI indicated in scheduling DCI, if the pathloss RS is not configured and periodic DL RS is configured in the spatial relation.
· FFS: the cases of non-codebook based PUSCH, SRS
· Option 2: Pathloss RS is associated/configured for downlink RS in spatial relation info.
· gNB can configure more than 4 pathloss RSs.
· Option 3: At least the pathloss RSs for SRS or PUSCH can be explicitly activated/updated by the MAC-CE
· FFS: The other power control parameters including P0, alpha, and a closed loop process index are also activated by the MAC-CE
· FFS on whether to support the number of configured pathloss RSs are more than four.
· Note: The MAC-CE is the activation MAC CE for ap-SRS/sp-SRS.
· Option 4: Support updating TCI state for periodic CSI-RS by MAC CE.
· Note: The periodic CSI-RS is used for pathloss reference.
· Option 5: Support semi-persistent CSI-RS for pathloss reference RS.
· Note: Baseline is that the same transmission power is applied within SRS resource set (same as Rel-15).



Option 1 would enable using the same RS for defining spatial relation and for pathloss measurement increasing the accuracy of beam specific pathloss measurement. On the other hand, it relies on periodic DL RS as a spatial source meaning that dynamic beam switching would not be supported for PUSCH. Thus, we don’t see this as a feasible option for the enhancement. 
It would make sense to increase the number of pathloss RSs up to 64 similar to spatial source RSs as proposed by Option 2. Furthermore, Option 2 could be enhanced by associating path loss RS with a spatial RS and MAC CE activation of the spatial RS would also activate the associated pathloss RS as basically intended with Option 3. That combination would support flexible and accurate pathloss measurements for each candidate uplink beam.
Both options 4 and 5 would be good generic improvements for supporting dynamic beam switching also for periodic resources but there can also be SS/PBCH block(s) as pathloss reference for which this option does not provide dynamic behaviour. 
Based on above considerations we consider that combination of Option 2 and 3 with increased # of PL-RS would be the most feasible approach. 
[bookmark: _Ref16685131]Proposal 5: Support Option 2 & 3 with increased # of PL-RS. 

2.1.4	Latency/overhead reduction across multiple CCs/BWPs
For latency/overhead reduction across multiple CCs/BWPs the following agreement was made in RAN1#98:
	Agreement
For latency/overhead reduction across multiple CCs/BWPs, support single MAC-CE to activate at least the same set of PDSCH TCI state IDs for multiple CCs/BWPs
· Example 1: Reuse Rel-15 MAC-CE to activate same set of TCI state IDs for all active BWPs in same band or cell group(s) on FR2
· Support of this mode can be indicated by UE capability
· To operate in this mode, UE may expect the same QCL-TypeD RS is configured for same TCI state ID for all BWPs in each band or cell group(s)
· For activation MAC-CE received on any active BWP in a band or cell group(s), indicated activated TCI state IDs will be applied to every active BWP in that band or cell group(s)
· Example 2: Reuse Rel-15 MAC-CE to activate one set of TCI state IDs (including both QCL Type-A and Type-D RSs) for an active BWP of the CC indicated by the MAC-CE to be applied to all active BWPs in same band or cell group(s) on FR2
· Note: The QCL Type A RS(s) applied to each CC/BWP is that corresponding to the same resource ID(s) indicated by the TCI state IDs 
· FFS: operation/signaling details including the possibility to activate different sets of PDSCH TCI state IDs for multiple CCs/BWPs
· Note: QCL type-A comes from the BWP where the TCI state is applied



Based on the agreement, the gNB can activate the same set of PDSCH TCI state IDs for multiple CCs/BWPs using a single MAC-CE. It was left for further study whether to enable activation of different sets of PDSCH TCI state IDs for multiple CCs/BWPs in a single MAC-CE. To signal different sets of TCI state IDs would basically means multiplying the MAC CE content by the number of different sets. On the other hand, the same functionality only with marginal overhead increase can be provided by transmitting multiple MAC-CEs. Thus, we don’t see need for the possibility to activate different sets of PDSCH TCI state IDs for multiple CCs/BWPs in a single MAC-CE.
[bookmark: _Ref21092541]Proposal 6: Do not support activating different sets of PDSCH TCI state IDs for multiple CCs/BWPs in a single MAC-CE.
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 3: 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 4: 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 5: 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 7: 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 8: Text proposal to 3GPP TS 38.331 in Annex. A, required changes marked with green color.
2.2. Beam Failure Recovery for SCell
2.2.1 On the Beam Failure Recovery Procedure for SCell BFR
Agreement
RAN1 will conclude on the following issue in RAN1#98bis
[bookmark: _GoBack]Q3: Is there a case where the SR-like dedicated PUCCH resource for SCell BFR is not configured? If the SR-like dedicated PUCCH resource is not configured, one possible option being considered by RAN2 is that the UE follows the existing framework for requesting uplink resources when no uplink resources are available (i.e. performs CBRA on SpCell).
In addition to when SR is not configured the SR procedure may also fail. Failure occurs when maximum number of SR transmissions are made. There may be number of reasons why the SR procedure could fail for example network is too busy to respond, the reception beam may be blocked, network may not be able to decode SR, or UE TX beam may be misaligned (e.g. in FR2). As a fallback, the CBRA procedure can be used for transmitting uplink information such as the BSR MAC CE. Similar approach could be also taken for SCell BFR i.e. in case the SR-like PUCCH is not configured or maximum number of transmissions have been made, UE can switch to CBRA and transmit the MAC CE during the CBRA procedure. However, details should be left for RAN2 and RAN1 could indicate the support for CBRA procedure for providing SCell BFR related information to network. 
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. 
Observation 6: In addition to the SR not being configured, the SR procedure could fail for other reasons. In those cases, the CBRA based SCell recovery should be supported. 
Observation 7: Same MAC CE format can be used for SCell BFR, when SR-like dedicated PUCCH is used and when CBRA is used. 
[bookmark: _Ref16856240]Proposal 9: From RAN1 perspective the CBRA is supported for provision on SCell BFR MAC CE when SR is not configured or as part of the SR procedure. Further details of the procedure are left for RAN2.


2.2.2 On the Indication of New Candidate RS

Agreement
Down-select one of the following alternatives on UE behavior when no new beam RS is configured in RAN1#98bis
· Alt 1: UE shall expect gNB to configure at least one new beam RS if BFR for corresponding SCell is configured
· Alt 3: If new beam RS is not configured, all SSBs are considered as new beam RS candidates

In similar manner as in Rel-15 BFR, network should have option to either configure or not to configure any candidate RS list and in both cases UE should still able to determine and indicate new candidate beam. For example, network may configure candidate RS list for specific DL BWP but could choose not to configure for other BWPs  

Observation 8: There should be option for network to configure and not to configure any candidate RS list for specific bandwidth part.
When the network has not configured any candidate RS list, all the SSBs could be considered as candidates. On the other hand, for example if UE cannot detect any suitable candidate from the candidate RS list on the current active BWP, it should be able to consider the candidates (e.g. SSBs) on the other bandwidth part such as the initial bandwidth part. 

[bookmark: _Ref21113903]Proposal 10: Support both configuration options, where the candidate RS list is configured and is not configured for a DL BWP.

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 past 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, 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: _Ref21113638]Observation 9: 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.

2.2.3 On the configuration of PUCCH-BFR

Agreement
For SCell with both UL and DL, at least reuse the same BFRQ procedure as SCell with DL only.
· Note: Whether to support CBRA/CFRA based BFRQ for both scenarios is a separate issue.
· Note: At least from RAN1 perspective, there is no need for introducing restrictions on MAC CE transmission for BFR in Rel-16 
· FFS: Whether PUCCH-BFR can be configured on SCells


As the PUCCH-BFR carries information that SCell beam failure has occurred but does not indicate the failed SCell, it should be possible to configure this signal to any serving cell uplink, including PCell and SCell. One SR-like PUCCH resource configuration is enough to indicate the SCell failure to network, and UE provides further information, the failed SCell(s) and new candidate information in a MAC CE. Furthermore, as an example when SR is configured on PCell and/or SCell uplink, UE may transmit the SR on any serving cell with a configuration. Network may respond with UL grant on one of the serving cells. However, as in case the of PUCCH-BFR it indicates network on the failure of at least on SCell, and thus UE avoid transmitting the Step 1 signaling on the failed SCell. This way network would be able to avoid providing UL grant on the failed SCell and allocate the resources on a non-failed cell (e.g. PCell) for sending the SCell BFR MAC CE.

[bookmark: _Ref21113650]Observation 10: UE should send the PUCCH-BFR SR and/or MAC CE on a non-failed cell that has UL grant available.
[bookmark: _Ref21113908]Proposal 11: In addition to PCell, PUCCH-BFR can be configured to an SCell with uplink. There may be one PUCCH-BFR per serving cell. 

2.2.4 On the PUCCH-BFR and Transmission of other UL signals
Agreement
Support PUCCH-BFR to be configured by either one of PUCCH format 0 and PUCCH format 1
· FFS: details when PUCCH-BFR transmission is to be made in the same slot with other uplink signal(s).

From : 38.214 - 6.2.1
For PUCCH and SRS on the same carrier, a UE shall not transmit SRS when semi-persistent and periodic SRS are configured in the same symbol(s) with PUCCH carrying only CSI report(s), or only L1-RSRP report(s). A UE shall not transmit SRS when semi-persistent or periodic SRS is configured or aperiodic SRS is triggered to be transmitted in the same symbol(s) with PUCCH carrying HARQ-ACK and/or SR. In the case that SRS is not transmitted due to overlap with PUCCH, only the SRS symbol(s) that overlap with PUCCH symbol(s) are dropped. PUCCH shall not be transmitted when aperiodic SRS is triggered to be transmitted to overlap in the same symbol with PUCCH carrying semi-persistent/periodic CSI report(s) or semi-persistent/periodic L1-RSRP report(s) only.
Considering the current agreements on the step 1 signalling i.e. the SCell BFR is an SR-like dedicated PUCCH signal, the similar rules currently in 38.214 should be used and the SR-like PUCCH would be considered as SR when the transmission occurs on the same slots (or in same symbols) with other UL transmissions.
[bookmark: _Ref21113919]Proposal 12: Use current rules defined for SR transmission in 38.214 for the PUCCH-BFR

2.2.5 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][bookmark: _Ref21113927]Proposal 13: If multiple cells share the same properties for failure detection, the failure can be detected based on one of the cells in a group. Group can be configured by network.
2.3	L1-SINR
Regarding defining dedicated NZP-IMR with CMR for L1-SINR based beam selection, the following agreement was made in [98-NR-20] email discussion:
	Agreement 
For L1-SINR based beam report, in a CSI-reportConfig, if IMR is configured to be based on NZP-IMR only, down-select at least one of the following resource configuration schemes in RAN1 #98b:
· Option 1a: CMR and IMR are 1-to-1 mapped
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N IMR(s), and they are 1:1 mapped
· For each SINR, interference is measured based on each associated NZP-IMR only
· UE may assume that the NZP CSI-RS resource for channel measurement and NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer
· Option 2a: 1 CMR can be mapped to 1 or more than 1 IMRs
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N*M IMR(s), and each CMR is associated with every M IMR(s) in order
· UE may assume that the NZP CSI-RS resource for channel measurement and the M NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD'
· For each SINR, interference is measured based on accumulating measurement of all the associated M IMR(s)
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer
· [Option 2b: 1 CMR can be mapped to 1 or more than 1 IMRs
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of N*M IMR(s), and each CMR is associated with every M IMR(s) in order
· For each SINR, interference is measured based on one selected/reported IMR
· UE may assume that the NZP CSI-RS resource for channel measurement and NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer]
· [Option 2c: 1 CMR can be mapped to 1 or more than 1 IMRs
· In a CSI-reportConfig, gNB configures a list of N CMR(s) and another list of M*K IMR(s)
· UE measures N CMR(s) firstly, and selects K CMR(s) based on L1-RSRP. Then, the L1-SINR of K CMR(s) are calculated with the M*K IMR(s), where CMR(s) and IMR(s) are 1:M mapped in order.
· For each SINR, interference is measured based on selected/reported NZP-IMR
· UE may assume that the NZP CSI-RS resource for channel measurement and NZP CSI-RS resource(s) for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer]

· Option 3: 1 IMR can be mapped to 1 or more than 1 CMRs
· In a CSI-reportConfig, gNB configures a list of NK CMR(s) and another list of N NZP-IMR(s). They are K:1 mapped in order.
· For each SINR, interference is measured based on associated one IMR for a CMR.
· UE may assume that the K NZP CSI-RS resource(s) for channel measurement and NZP CSI-RS resource for interference measurement configured for one CSI reporting are QCLed with respect to 'QCL-TypeD’
· FFS: Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer



Figure 6 shows an example of Option 1a. As shown, option 1a assumes one-to-one association with M (=2) CMR and M (=2) NZP-IMR resources sharing also same QCL-typeD assumption between resources at UE. In RAN1-97 meeting, it was agreed that single port resource with RE density equal to 3 is supported. Due to the one-to-one mapping between CMR and NZP-IMR as well as single antenna port interference resource, option 1a enables only to estimate SINR in the case of single interferer. It is reasonable to assume that each NZP-CSI-RS antenna port is configured for interference measurement resource corresponds to an interference transmission layer. 
[bookmark: _Ref21113671]Observation 11: By following RAN1-97 agreement, only single port resource with RE density 3 for NZP-IMR is supported. 
[bookmark: _Ref21113683]Observation 12: Option 1a enables only to estimate SINR in the case of single interferer.

[image: ]
[bookmark: _Ref21078537]Figure 6 An example of Option 1a one-to-one association with CMR and IMR.

Figure 7 shows an example of option 2 w/ CMR associated with one or more IMRs. As shown, UE is configured with one CMR and it is associated with two 1-port NZP-CSI-RS IMRs. Moreover, UE assumes that CMR and two IMRs share the same QCL-typeD assumption with resources. As shown, option 2 is an extension of option 1 with multiple interference resources. For option 2, UE shall assume that interference is aggregated over all configured resources associated with the CMR. It is worth noting that in Rel-15 reported L1-RSRP value is computed for a single resource. Since the aggregating of interference power over multiple NZP-IM resources for L1-SINR value is a new UE procedure in Rel-16, it is up to UE capability to enable the aggregation of interference power.    


[image: ]
[bookmark: _Ref21079608]Figure 7 an example of option 2a w/ CMR associated with one or more IMRs.

[bookmark: _Ref21113720]Observation 13: Option 2a enables to measure multiple interferers for SINR value.
[bookmark: _Ref21113727]Observation 14: The aggregating of interference power over multiple resources for L1-SINR value is a new UE procedure in Rel-16. Hence, it is up to UE capability to enable the aggregation of interference power in Rel-16.
Figure 8 shows an example of option 2b, where one CMR resource is associated with one or more IMRs. As shown, one CMR is associated with two 1-port IMR resources. In comparison to the option 2a, the option 2b allows UE to select NZP-IM resource and report corresponding NZP-IM resource with SINR value. However, there is no RAN1 agreement available related to the necessity of reporting of IMR in the content of beam report. Hence, there is no need to support option 2b.  
[bookmark: _Ref21113735]Observation 15: There is no RAN1 agreement available related to the necessity of reporting of IMR in the content of beam report. Hence, there is no need to support option 2b in Rel-16.  

[image: ]
[bookmark: _Ref21093715]Figure 8 An example of Option 2b, CMR associated with one or more IMRs.

Option 2c can be supported by combining Rel-15 L1-RSRP beam reporting and Rel-16 option 2a. More specifically, CSI-reportConfig is configured with N CMRs with ReportQuantity set to “cri-RSRP” and nrofReportedRS set to K (Alternatively, based on reported  L1-RSPR values, a network selects K CMR to be measured with L1-SINR). Then, based on L1-RSRP beam report, a network can configure another CSI-reportConfig with K CMR and M NZP-IM resources (option 2a). Since 2c can be supported by combining of Rel-15 beam reporting with Rel-16 option 2a, there is no need to separately support option 2c.    
[bookmark: _Ref21113742]Observation 16: Option 2c can be supported by combining of Rel-15 beam reporting with Rel-16 option 2a.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
Option 3 can be seen as a special case of option 1a with new configuration for NZP-IM, i.e. NZP-IM resource is configured with repetition on. Therefore, there is no need to support option 3 in Rel-16. 
[bookmark: _Ref21113750]Observation 17: Option 3 can be seen as a special case of 1a with new configuration for NZP-IM. 
[bookmark: _Ref21113942]
Proposal 15:n Support Option 1a as a baseline in Rel-16. Additionally, the support of option 2a is up to UE capability in Rel-16.
[bookmark: _Ref21113950]Proposal 16: No support for option 2b in Rel-16.
[bookmark: _Ref21113957]Proposal 17: No support for option 2c in Rel-16.
[bookmark: _Ref21113966]Proposal 18: No support for option 3 in Rel-16.  
3	Conclusions
In the following we list observations and proposals made based on the discussion.
Enhancements on beam selection to reduce latency and overhead:
Proposal 1: 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 2: Support up to four PUCCH groups. Groups may be for the single TRP or multiple TRPs.
Proposal 3: Adopt Alt.3: TCI state of scheduling PDCCH for A-SRS/PUCCH, and default TCI state or QCL assumption of PDSCH for other than A-SRS/PUCCH.
Observation 2: Beam correspondence is a mandatory feature and gNB is allowed to configured DL RS as the spatial source for any UE without applying UL beam sweeping.
Proposal 4: Do not consider non-beam correspondence case for defining default spatial relation for the dedicated-PUCCH/SRS.
Proposal 5: Support Option 2 & 3 with increased # of PL-RS.
Proposal 6: Do not support activating different sets of PDSCH TCI state IDs for multiple CCs/BWPs in a single MAC-CE.
Observation 3: Rel-15 NR specification has a limited support for UL BM based operation with downlink PDSCH transmission.
Observation 4: 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 5: 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 7: 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 8: Text proposal to 3GPP TS 38.331 in Annex. A, required changes marked with green color.

Beam Failure Recovery for SCell
Observation 9: 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.
Observation 10: UE should send the PUCCH-BFR SR and/or MAC CE on a non-failed cell that has UL grant available.
Proposal 9: From RAN1 perspective the CBRA is supported for provision on SCell BFR MAC CE when SR is not configured or as part of the SR procedure. Further details of the procedure are left for RAN2.
Proposal 10: Support both configuration options, where the candidate RS list is configured and is not configured for a DL BWP.
Proposal 11: In addition to PCell, PUCCH-BFR can be configured to an SCell with uplink. There may be one PUCCH-BFR per serving cell.
Proposal 12: Use current rules defined for SR transmission in 38.214 for the PUCCH-BFR.
Proposal 13: If multiple cells share the same properties for failure detection, the failure can be detected based on one of the cells in a group. Group can be configured by network.

L1-SINR
Observation 11: By following RAN1-97 agreement, only single port resource with RE density 3 for NZP-IMR is supported.
Observation 12: Option 1a enables only to estimate SINR in the case of single interferer.
Observation 13: Option 2a enables to measure multiple interferers for SINR value.
Observation 14: The aggregating of interference power over multiple resources for L1-SINR value is a new UE procedure in Rel-16. Hence, it is up to UE capability to enable the aggregation of interference power in Rel-16.
Observation 15: There is no RAN1 agreement available related to the necessity of reporting of IMR in the content of beam report. Hence, there is no need to support option 2b in Rel-16.
Observation 16: Option 2c can be supported by combining of Rel-15 beam reporting with Rel-16 option 2a.
Observation 17: Option 3 can be seen as a special case of 1a with new configuration for NZP-IM.
Proposal 15: Support Option 1a as a baseline in Rel-16. Additionally, the support of option 2a is up to UE capability in Rel-16.
Proposal 16: No support for option 2b in Rel-16.
Proposal 17: No support for option 2c in Rel-16.
Proposal 18: No support for option 3 in Rel-16.
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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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