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Introduction

NR MIMO enhancement WI [1] includes the following objectives to enhance the multi-beam operations: 

	· 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 present our views on various aspects of multi-beam operation enhancement, including overhead/latency reduction, multi-panel UE, SCell BFR and L1-SINR based beam reporting. Relevant scenarios will be discussed as well as the potential approaches and feasible alternative solutions. Pertinent agreements related with multi-beam operation enhancement made so far as summarized in Annex.
L1-SINR based Beam Reporting
Rel-15 specifies L1-RSRP-based beam reporting. A UE reports one or more CRI or SSBRI and the corresponding L1-RSRP values.  Then the gNB can select the Tx beam for PDSCH and PDCCH transmission based on the L1-RSRP values. The L1-RSRP value gives the signal quality of one beam pair link between the gNB and the UE, i.e., the power level that the desired signal can achieve at the UE side. Apparently, the potential shortcoming of L1-RSRP-based method is the interference is not considered while the interference at the UE side also play key role to one communication link between the gNB and the UE. To consider the use case of L1-SINR beam reporting and measurement methods, we need take into account the following aspects:
1) Do different beam pair links could experience different interference? If different beam pair link experience same interference, it is obvious that the Tx beam with best L1-RSRP would also have best L1-SINR and therefore, L1-SINR is not needed. However, the UE generally use different Rx beam to receiver different Tx beam and different Rx beams generally experience different interference due to different beam directions. A beam pair link with better L1-RSRP might experience higher interference than another beam pair link.  Thus, L1-SINR of one beam pair link could give us different aspect of beam pair link quality.
2) What kind of L1-SINR measurement of one beam pair link is useful?  The motivation for beam reporting is the gNB can select a ‘best’ Tx beam that will be used for PDSCH and PDCCH transmission later on.  That means the beam that is ‘best’ according to the metric L1-SINR during beam measurement is also the ‘best’ in terms of metric L1-SINR when that beam is used to transmit PDSCH or PDCCH.  To guarantee that, we should make sure the same interference is experienced by the UE when the L1-SINR is measured and when the PDSCH or PDCCH using that beam is transmitted. 
3) When measuring channel and interference for L1-SINR calculation, the UE shall apply same Rx beam (i.e., same spatial QCL) in receiving signals for channel and interference measurement.

For the design of L1-SINR-based beam reporting, the key is how to configure the interference resource, which would critically determine the applicability of L1-SINR beam reporting. The following alternatives were discussed in RAN1 #96bis:

· Alt1: L1-SINR based on ZP+NZP IMR

· Alt2: L1-SINR based on ZP IMR only

· Alt3: L1-SINR based on NZP IMR only

First of all, using ZP IMR for L1-SINR beam measurement has some issue. Here we can have two possible methods to configure IMR. The first method is to configure only one IMR to be used for interference measurement for all Tx beams. That is not feasible because the UE shall use different Rx beams (i.e., different spatial QCL) to measure different Tx beams and the UE shall apply the same Rx beam to measure the interference for one Tx beam. Apparently, the UE is not able to apply multiple different spatial QCL on one single IMR. The second method is to configure one IMR for each Tx beam and then the UE can apply the same spatial QCL on that Tx beam and also associated IMR to measure both channel and interference and then calculate the L1-SINR. However, the interference measured from one ZP IMR is the background interference and noise that occurs at the moment of that ZP IMR is ‘transmitted’, which could be different from the interference that occurs when the PDSCH or PDCCH is transmitted with that Tx beam. Using an NZP IMR can configure the UE to measure and report the L1-SINR metric of one TX beam with respect to one particular interference source that is going to happen when the PDSCH is transmitted with that Tx beam as predicted by the gNB.  The use case for that is beam pairing for MU-MIMO transmission. However, in real deployment, using NZP CSI-RS to measure SINR to facilitate beam pairing for MU-MIMO might be hard and thus the applicability could be limited.  Due to the same reason of applying same spatial QCL on IMR and CMR, the gNB shall configure dedicated NZP IMR for each Tx beam. Therefore, based on the discussion, we make the following proposals:

Proposal 1: For L1-SINR beam reporting: 
· Dedicated ZP IMR is used and UE shall apply same spatial QCL on associated IMR and CMR.
· It is a UE optional feature
For Rel-15, beam reporting is based on wideband L1-RSRP due to the low overhead of reporting and good robustness. Another reason is beam reporting is generally for analog beams that is applied in the manner of wideband. The same principle and reason should be applied here for L1-SINR beam reporting. Sub-band L1-SINR-based beam reporting is not necessary in our view.
Proposal 2: Only wideband L1-SINR is supported for beam reporting in Rel-16.
Regarding the reporting contents, some companies were suggested to report both L1-RSRP and L1-SINR in the same reporting instance, e.g., to facilitate the UE pairing for MU-MIMO. There are also some contributions showing that only L1-SINR will not offer performance gain and L1-RSRP plus L1-SINR may get performance gain. One possible solution is NW can configure and trigger two beam reporting, one is for L1-SINR beam reporting and the other is for L1-RSRP beam reporting. The cost for that solution is extra signaling overhead. Furthermore, potentially Tx beams reported in two different reports can be different because those two reporting are configured independently. From the perspective of signaling overhead and also usefulness of beam reporting, it is beneficial to support simultaneous report of L1-RSRP and L1-SINR. Thus, we have the following proposal

Proposal 3: In L1-SINR reporting, the associated L1-RSRP can be reported together with L1-SINR in the same reporting instance. 

To support L1-SINR beam reporting, the UE can be configured with two Resource settings.  In the first Resource setting, N CSI-RS resources or SS/PBCH blocks can be configured for channel measurement for L1-SINR computation and in the second Resource setting, N ZP IMR resources can be configured for interference measurement used for L1-SINR computation.  The ZP IMR resource in the second Resource setting is 1-to-1 associated with the CSI-RS resource or SS/PBCH block configured in the first Resource setting. When the UE measure one ZP CSI-RS resource in the second Resource setting for interference measurement, the UE shall use the same Rx beam (i.e., spatial QCL assumption) used to measure the associated CSI-RS or SS/PBCH in the first Resource setting.
Proposal 4: For L1-SINR beam reporting, the UE is configured with two resource setting: the first resource setting configures N CSI-RS resources or SS/PBCH blocks for channel measurement for L1-SINR computation and the second resource setting configures N ZP IMR resources for interference measurement for L1-SINR computation.  1-to-1 association between the resources in two resource settings are configured.
BFR for SCell
As part of MIMO enhancement for Rel-16, BFR for SCell is going to be specified. For the specification of SCell BFR, the first question we shall answer is necessity of that. In our view, supporting BFR for SCell shall be an optional UE capability by considering the UE implementation and frequency band deployment scenarios. First let’s consider an inter-band CA, where PCell in operated in band X but the SCell is operated in band Y:
· If the UE performs calibration between these two bands or if the same RF channel is shared for those two bands, the beams used for PCell and SCell would be same. In this case, BFR for SCell is not needed and BFR for PCell is sufficient for implementation to recover the beams for both PCell and SCell.

· On the other hand, if the UE uses different RF channels for different bands and no calibration is conducted across two different frequency bands, the beams used for PCell and SCell would be different. In this case, BFR for SCell might be beneficial for recovering failed beams on SCell. 

We can observe the necessity of BFR for SCell depends on UE implementation and it shall be an optional feature. The implementation and processing capability in a UE determine how many SCells it can operate BFR simultaneously. Different UE could support different maximal numbers. We shall support the UE to report its capability of maximal number of SCells for BFR. Thus, the gNB can configure accordingly.
Proposal 5: Supporting BFR for SCell is an optional UE feature. UE reports its capability of the maximum number of serving cells on that the BFR can be configured simultaneously.
In RAN1 #96bis, three options for SCell BFRQ procedure were discussed. In our view, Option 3 is preferred by considering the complexity of signaling and latency. In option 1, a single MAC CE report is used to carry the SCell beam failure event, failed CC index(es) and new beam information.  The major concern on option 1 is the large latency caused by MAC CE signaling. If option 1 is adopted, the latency of BFR for SCell can be comparable to that of the activation/deactivation SCell based on MAC CE signaling. That would conflict with the motivation of fast beam recovery for SCell. Option 2 also has issue of latency. In option 2, the first message is just the event of SCell beam failure while the index(es) of failed CCs is reported in the second message. That would increase the latency of SCell BFR. The gNB can not do anything to recover any failed SCell beam until the second message is received because the gNB does not know which SCell has failed beam from the first message. In contrast, Option 3 offers the lowest latency. The gNB can immediately recover the failed SCell beam after receiving the first message if latest beam reporting is available. 
For the design of option 3, it is proposed to use PUCCH for step 1 message. Step 1 message carries the information of SCell beam failure event and the index(es) of failed SCells. So multiple bits shall be carried in step 1 message. One example design is N bits are reported if N SCells are monitored for BFR by the UE. Each bit can correspond to one SCell and the value of each bit indicates whether the corresponding SCell is failed or not. The step 2 message can be implemented similarly to a aperiodic beam reporting. When the gNB receives the step 1 message and is aware of the event of SCell beam failure, the gNB can trigger the UE report a new beam.  If the UE does not identify any new beam, the UE shall report a special state to indicate that to the gNB.

Proposal 6: For BFRQ procedure, Option 3 is supported:
· PUCCH is used for step 1. Multi-bit PUCCH is used to indicate the index(es) of failed CCs and the value of each bit indicate the failure of each corresponding CC.

· Step 2 is carried in UCI and a special state is used to denote that no new beam is identified.
Regarding the BFD RS for SCell BFR, we have agreed that for explicit configuration, the downlink BFD RS shall be in current CC. For implicit configuration, the same rule shall be applied too. As we agreed, the SCell BFD is also based on hypothetical BLER.  Measuring hypothetical BLER relies on both channel quality and interference. As a common understanding, the interference on different CC can be different. Therefore, the BFD RS configured through implicit configuration shall be in current CC too.
Proposal 7: SCell BFD RS shall be in current CC for implicit configuration.
Contention-based PRACH can be used for BFR of PCell, as specified in Rel-15. In our view, it should be supported for SCell BFR. Because SCell has no associated contention-based PRACH. Furthermore, if the contention-free PRACH for BFR for SCell can only be configured in PCell, for example for the case of downlink-only SCell, it would cause the issue of PRACH capability in PCell, especially when the number of new beam candidates is large or the number of SCells for BFR is large. Therefore, it seems that using PRACH for BFR for SCell does not have appeal.
Proposal 8: Contention-based PRACH is not supported for BFR on SCell and using PRACH for BFR for SCell needs study
A SCell can be activated or deactivated. The BFR for one SCell would be affected by the deactivation operation. When a SCell is deactivated, the on-going BFR procedure for that SCell shall be stopped. 
Proposal 9: The on-going BFR procedure is stopped upon the deactivation of the associated SCell.

Latency/Overhead Reduction

In the multi-beam operation framework specified in Rel-15, the beam indication for PDSCH is based a three-level hierarchy of RRC + MAC CE + DCI with spatial QCL parameter configured in TCI state, which is as follows:

· RRC configures TCI-State;
· MAC CE signaling activates a few configured TCI states to map them to the codepoints of DCI field ‘Transmission Configuration Indication’;

· Then a DCI indicates a TCI state dynamically.
Such three-level hierarchy could lead to unnecessary signaling overhead and latency in some typical deployment cases.  Consider a multi-beam system configured with L<=8 TCI states. Since there are three bits in the DCI field ‘Transmission Configuration Indication’, all the configured TCI states can be mapped to codepoints of DCI field without necessarity of using MAC CE to select a subset from the configured TCI states. But in the current framework, a MAC CE must be used to map TCI states to codepoints in DCI, which results in the following issues:
· Signaling overhead: the transmission of activation command MAC CE message and the acknowledge for the MAC CE. 

· Latency: there are always 
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slots from the transmission of HARQ-ACK corresponding to PDSCH carrying the activation command and application of the activation command.

To resolve the above issue, one simple solution is skipping activation command when number of configured TCI states is no more than 8. Those TCI states configured in RRC can be mapped to the codepoints of DCI directly. 
Proposal 10: When ≤ 8 TCI states are configured, no activation command is used to map TCI states to DCI codepoints for the dynamic beam indication of PDSCH and the UE can assume the TCI states configured in RRC are mapped to DCI codepoints directly.
For codebook-based PUSCH, a UE can be configured with one SRS resource set with up to 2 SRS resources. The gNB can dynamically indicate one Tx beam for the PUSCH transmission from those 2 SRS resources through the SRI field in DCI. In our view, containing only 2 SRS resources restricts the flexibility and also could increases the latency.  Semi-persistent SRS was agreed to be a mandatory UE feature in Rel-15 for the sake of flexibility. The gNB can change the Tx beams of those 2 SRS resources configured for codebook-based PUSCH via MAC CE signaling. However, MAC CE signaling still offers more overhead and larger latency than DCI signaling. To resolve that issue, one solution is to increase the number of SRS resources configured for codebook-based PUSCH.  
Proposal 11: Rel-16 support up to 4 SRS resources for codebook-based PUSCH.

In RAN1 #96bis, we agreed to use MAC CE signaling to indicate a single spatial relation info for a group of PUCCH resources. By doing that, all those PUCCH resources would use one same Tx beam and we do not need to send MAC CE signaling for each individual PUCCH resource, which would reduce the MAC CE signaling overhead. One FFS point is the grouping of PUCCH resources. In our view, grouping of PUCCH resources shall be supported and the PUCCH resources in one BWP can be partitioned into two groups.  One use case for that is to uplink UCI transmission in multi-TRP scenario. As we agreed, for multi-PDCCH based multi-TRP/panel downlink transmission, separate ACK/NACK feedback for received PDSCH is supported and the PUCCH transmission can be TDMed in one slot. Generally, a UE would use different spatial relation info to transmit to different TRPs. Thus, the PUCCH resources corresponding to the first PDCCH can be grouped into the first group and the PUCCH resources corresponding to the second PDCCH can be grouped into the second group.  The gNB can use MAC CE signaling to update/indicate spatial relation info for each group. 

Proposal 12: Grouping of PUCCH resources for spatial relation info indication through MAC CE is supported: 
· the PUCCH resources in one BWP can be partitioned into two groups. For each group, a MAC CE message can indicate a single spatial relation info for all the PUCCH resources in that group.
Another aspect for reducing latency and overhead for multi-beam operation is we can reduce the latency and resource overhead for BFR. In Rel-15 discussion, two schemes for BFR were agreed: PRACH-based method and PUCCH-based method. Though only the PRACH-based method is specified in Rel-15. In contention-free PRACH-based method, a set of multiple PRACH resources are reserved and they are associated with new candidate beams. The UE reports one new identified beam to the gNB implicitly through selecting one PRACH resource from the reserved resources. That would increase the resource overhead, especially when the number of new candidate beams is large. Furthermore, latency in caused by the monitoring window for the UE to monitor gNB response after sending BFRQ. For beam failure recovery in PCell, latency is key metric and overhead is also important. PUCCH-based method can reduce the resource overhead and also reduce the latency for BFR procedure. Thus, we propose:

Proposal 13: In additional to Rel-15 BFR, study and specify PUCCH-based BFR procedure to reduce the overhead and latency. 

Multi-panel UE

In RAN1 #96bis, it was agreed to only specify enhancement for MPUE-Assumption 3 in Rel-16 work. In MPUE-Assumption 3, the UE has multiple panels and multiple panels can be activated at same time but the UE can only use one panel for transmission. An ID to identify a UE panel was discussed with the following alternatives:

· Alt.1: an SRS resource set ID, where FFS on further association to other RS (if needed)

· Alt.2: an ID, which is directly associated to a reference RS resource and/or resource set 

· Alt.3: an ID, which can be assigned for a target RS resource or resource set

· Alt.4: an ID which is additionally configured in spatial relation info

Before we discuss those alternatives, we need consider again the beam indication for uplink specified in current multi-beam operation framework. For a PUSCH transmission, the Tx beam indication is conducted through SRI field in DCI and the SRI indicates one or more SRS resources. The UE can derive the Tx beam   for PUSCH transmission based on Tx beam applied to the indicated SRS resource(s). For an SRS or PUCCH transmission, spatial relation info mechanism is used. A spatial relation info configures one CSI-RS or SSB or SRS as the reference for deriving Tx beam for the target SRS or PUCCH. 
Regarding Alt1, in the current multi-beam operation framework, the SRS resources in different SRS set can be transmitted simultaneously while SRS resources in same set can not be transmitted simultaneously. That implies there is association between the SRS sets and the UE transmission panels. The UE can implement transmitting SRS resources in one set from one Tx panel. Then using such an SRS resource as spatial relation info reference for PUSCH, PUCCH or another SRS would indicate the Tx panel mapped to the reference SRS resource. Therefore, the SRS resource set ID can be used to indicate the UE panel implicitly. However, there is no explicit configuration to associate SRS resource set and UE Tx panel. Some enhancement might be necessary here. For the same reason as discussed above, an ID directly associated reference SRS resource can also indicate the Tx panel. In Alt3, a panel ID is assigned to target SRS resource. That might cause ambiguity between the panel indicated by that panel ID and the spatial relation info indicated by a reference RS resource.  The reference RS resource configured in the spatial relation info provides the Tx beam information for the target UE and the panel information is contained in the Tx beam information implicitly.  If the panel ID assigned to the target SRS provides different panel, the UE would be confused. Regarding Alt4, similar issue exists as in Alt 3. The RS configured in spatial relation info provide the Tx beam information for the target RS, which implicitly indicate the UE panel too. Adding a dedicated panel ID to spatial relation info could confuse the transmission of target RS. Based on the above discussion, we make the following proposal:
Proposal 14: One SRS resource indicator can be used to indicate the panel-specific PUSCH transmission.
For a UE with multiple Tx panels, one critical issue is power consumption. In mmWave band, the power efficiency of a PA is lower than those of sub-6GHz. Implementing multiple Tx panels usually means multiple Pas, which would lead to more transmission power consumption. Therefore, during the work for multi-beam operation enhancement for multi-panel UE, we need to take into account how to reduce the power consumption. Various approaches for improving power efficiency or saving power can be considered. For example, some Tx panels can be deactivated. The tradeoff between the performance (e.g., throughput, latency) and power consumption shall be carefully investigated with common evaluation assumptions. 
Proposal 15: For UE with multiple Tx panels, support fast turn-off / turn-on of some panel(s) for efficient power consumption
Conclusion

In this contribution, we presented our views on L1-SINR beam reporting, SCell BFR, overhead and latency reduction, as well as multi-panel UE. Based on the discussion, the following proposals are provided:
Proposal 1: For L1-SINR beam reporting: 
· Dedicated ZP IMR is used and UE shall apply same spatial QCL on associated IMR and CMR.
· It is a UE optional feature

Proposal 2: Only wideband L1-SINR is supported for beam reporting in Rel-16.
Proposal 3: In L1-SINR reporting, the associated L1-RSRP can be reported together with L1-SINR in the same reporting instance. 

Proposal 4: For L1-SINR beam reporting, the UE is configured with two resource setting: the first resource setting configures N CSI-RS resources or SS/PBCH blocks for channel measurement for L1-SINR computation and the second resource setting configures N ZP IMR resources for interference measurement for L1-SINR computation.  1-to-1 association between the resources in two resource settings are configured.
Proposal 5: Supporting BFR for SCell is an optional UE feature. UE reports its capability of the maximum number of serving cells on that the BFR can be configured simultaneously.
Proposal 6: For BFRQ procedure, Option 3 is supported:

· PUCCH is used for step 1. Multi-bit PUCCH is used to indicate the index(es) of failed CCs and the value of each bit indicate the failure of each corresponding CC.

· Step 2 is carried in UCI and a special state is used to denote that no new beam is identified.
Proposal 7: SCell BFD RS shall be in current CC for implicit configuration.
Proposal 8: Contention-based PRACH is not supported for BFR on SCell and using PRACH for BFR for SCell needs study
Proposal 9: The on-going BFR procedure is stopped upon the deactivation of the associated SCell.

Proposal 10: When ≤ 8 TCI states are configured, no activation command is used to map TCI states to DCI codepoints for the dynamic beam indication of PDSCH and the UE can assume the TCI states configured in RRC are mapped to DCI codepoints directly.
Proposal 11: Rel-16 support up to 4 SRS resources for codebook-based PUSCH.

Proposal 12: Grouping of PUCCH resources for spatial relation info indication through MAC CE is supported: 

· the PUCCH resources in one BWP can be partitioned into two groups. For each group, a MAC CE message can indicate a single spatial relation info for all the PUCCH resources in that group.
Proposal 13: In additional to Rel-15 BFR, study and specify PUCCH-based BFR procedure to reduce the overhead and latency. 

Proposal 14: One SRS resource indicator can be used to indicate the panel-specific PUSCH transmission.
Proposal 15: For UE with multiple Tx panels, support fast turn-off / turn-on of some panel(s) for efficient power consumption
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Annex: Key agreements on multi-beam operation enhancement
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

Agreement

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

Agreement

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 

Agreement

An identifier (ID), agreed in RAN1#95, that can be used at least for indicating panel-specific UL transmission is to be down-selected or merged from the following alternatives in next RAN1 meeting:

· Alt.1: an SRS resource set ID, where FFS on further association to other RS (if needed)

· Alt.2: an ID, which is directly associated to a reference RS resource and/or resource set 

· Alt.3: an ID, which can be assigned for a target RS resource or resource set

· Alt.4: an ID which is additionally configured in spatial relation info

Agreement

In Rel-16, only introduce specification enhancement for MPUE-Assumption3

· MPUE-Assumption3: Multiple panels are implemented on a UE and multiple panels can be activated at a time but only one panel can be used for transmission.

· Note that this does not require a UE to always activate multi-panels simultaneously

· Note: UE can control the panel activation/deactivation 

· Possible use cases at least include

· (General) UL coverage enhancement for FR2 considering the UE power consumption 

· Discussion topics in Rel-16 include:

· Details on the identification for a panel and corresponding panel definition

· Any enhancement introduced in Rel-16 should take further enhancement of simultaneous transmission across multiple panels for future releases into account. 

This is a UE optional feature
Working Assumption

The agreed ID (not excluding to reuse existing ID) for a panel can be used for panel-selection-based transmission of PUSCH, PUCCH and SRS, among multiple activated panels.

· FFS details, including an explicit/implicit indication of the panel, also considering beam correspondence at UE.

· FFS on whether the ID can be used for panel-specific PRACH transmission, if supported.
Agreement

The working assumption made in RAN1#96 is confirmed

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

· FFS: Whether this is a UE optional feature

FFS: Whether above is applicable regardless of the aperiodic SRS target use

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

Agreement

Support the configuration of up to 64 candidate beams for BFR by RRC signalling, without introducing additional MAC CE signalling for down-selecting a subset of beams.

· The total number of RSs for new beam identification and layer 1 RSRP measurement are part of UE capability signaling
This applies per BWP.
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