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1 Introduction

In RAN#82 meeting [1], it was agreed that the work item aims to specify the enhancements on multi-beam operation, primarily targeting FR2 operation as follows,

· 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 beam failure recovery for SCell with DL/UL as well as DL-only, where PCell can be operating in FR1 as well as FR2
· Specify measurement and reporting of either L1-RSRQ or L1-SINR

In this contribution, we provide some discussions on multi-beam operation.
2 Multi-panel based UL transmission 
In FR2, it is likely that UEs will be equipped with multi-panel pointing in different directions. Therefore, panel specific beam management should be taken into account for multi-panel UEs. In RAN1 96bis meeting [3], the following agreement and working assumption was made:
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. 

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.
Regarding the panel ID, in RAN1 Ad-Hoc 1901 meeting [2], the following agreement was made:
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

Take non-codebook (NCB) based UL transmission as an example, UE needs to transmit SRS according to the SRS configuration for NCB firstly. Then, UE determines the beam and panel for PUSCH transmission based on the SRI in DCI format 0_1 which indicates one or more SRS resources. The beam and panel information of SRS resource for NCB is determined by SRS-SpatialRelationInfo, which can be SSB/CSI-RS/SRS resource:
If UE does not fulfill the beam correspondence requirement, the SRS-SpatialRelationInfo of a SRS resource for NCB is more likely to be a SRS resource. The SRS resource for NCB can be determined based on SRS resource for beam management. In UL beam management with SRS, only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant, the SRS resources in different SRS resource sets can be transmitted simultaneously. Then, the SRS resource set can represent the panel in which UE has been used to transmit that SRS resource set, and different SRS resources in one set correspond to different beams of a UE panel. Based on this, gNB can avoid to transmit a DCI format 0_1 with a SRI which corresponds two SRS that cannot be transmitted simultaneously. Therefore, if SRS-SpatialRelationInfo of a SRS resource for NCB is a SRS resource, the UE can realize the panel specific UL transmission based on SRS resource set for beam management. In this case, SRS resource set ID for beam management can be reused for indicating the panel ID for PUSCH transmission.
If UE fulfills the beam correspondence requirement, the SRS-SpatialRelationInfo of a SRS resource for NCB is more likely to be a CSI-RS or SSB resource. If CSI-RS/SSB is applied in SRS-SpatialRelationInfo, gNB needs to know the panel in which UE receives the downlink signal. For example, 1 SRS set with 2 SRS resources are configured for NCB transmission, and 2 CSI-RS resources are applied in SRS-SpatialRelationInfo for these 2 SRS resources, respectively. As shown in Fig.1, since gNB has no information of which panel the UE uses to receive the CSI-RS, it is possible that the 2 CSI-RS resources are received in different panels, resulting in 2 SRS resources for NCB are also transmitted in different panels. Then, gNB may transmit a DCI format 0_1 with SRI containing both 2 SRS resources ID which corresponds two layers from different panels, however, UE cannot support simultaneously transmission on 2 panels. Therefore, if SRS-SpatialRelationInfo is CSI-RS/SSB resource, to support panel-specific UL transmission, gNB should know the panel in which UE uses to receive a CSI-RS/SSB resource, for example, UE reports the panel information in beam reporting. In this case, gNB can configure 2 CSI-RS resources that received in the same panel for SRS-NCB through SRS-SpatialRelationInfo, then UE transmits 2 SRS resources for NCB in one panel, and realize 2-layer PUSCH transmission in this panel. From our perspective, to ensure panel-specific UL transmission, gNB should also know the panel ID in which UE uses to receive a SSB/CSI-RS resource.
Proposal 1: To support panel-specific UL transmission, gNB should know the panel ID in which UE uses to receive a SSB/CSI-RS resource.
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Fig.1 SRS transmission for 2-panels UE
3 Latency/overhead reduction
1.1 Enhancement for update/indication of PUCCH spatial relation
In RAN1 Ad-Hoc 1901 meeting [2], for UL beam management latency reduction in controlling PUCCH spatial relation, the maximum RRC configurable number of spatial relations for each PUCCH resource is increased to 64 per BWP. In Rel-15, up to four sets of PUCCH resources can be configured for each UE, and the maximum number of PUCCH resources in the first PUCCH resource set is 32 and the maximum number of PUCCH resources in the other PUCCH resource sets is 8. Thus, a large amount of MAC CE is required to update/configure the spatial relation for each PUCCH resource. 
For signaling overhead reduction on updating/configuring spatial relation for PUCCH, in RAN1#96bis meeting [3], the following agreement was identified:
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
Updating/configuring spatial relation per PUCCH group is more flexible than per BWP, where PUCCH group can be defined as part of PUCCH resources in one PUCCH resource set. For example, the PUCCH resources in one set can be divided into two groups, different groups can have different PUCCH-SpatialRelationInfo. gNB can use DCI to dynamically trigger the PUCCH resources with the desired PUCCH-SpatialRelationInfo, and gNB can also gradually update the PUCCH-SpatialRelationInfo for one of the two PUCCH resource groups at a time when the channel condition changed, instead of having to update the PUCCH-SpatialRelationInfo for the whole PUCCH resources in a BWP if the PUCCH-SpatialRelationInfo is updated per BWP. Therefore, update/configure spatial relation per PUCCH group can reduce the MAC CE overhead and UL beam management latency.
Proposal 2: Update/configure spatial relation per PUCCH group can reduce the MAC CE overhead and UL beam management latency, where PUCCH group can be defined as part of PUCCH resources in one PUCCH resource set.
1.2 Enhancement for group-based beam reporting 

In FR2, the blockage seriously affects the transmission performance. Multi-panel or multi-TRP is an important method to improve the performance by providing more transmission paths. In Rel-16, both multi-panel and multi-TRP transmission are supported. For a multi-panel UE, it is possible that UE receives signal with different panels as shown in Fig.2 (a), and it is also possible that UE receives signal from different TRPs with different panels as shown in Fig.2 (b).
However, the beam management functionality of Rel-15 does not well support multi-panel and multi-TRP transmission. In Rel-15, group based reporting with up to 2 reported beams and non-group based reporting with up to 4 reported beams are supported. The group based reporting with up to 2 reported beams can support UEs with at most 2 panels, however, for UEs with more than 2 panels, the enhancement of group-based beam reporting should be considered. 

Furthermore, for multi-TRP transmission, based on Rel-15, UE can be separately configured to report beams for different TRPs. It is possible that the reported beams for different TRPs are received by the same UE panel, such as the reported beam 0 for TRP 0 and the reported beam 1 for TRP 1 are both received by Panel 0, where the reported beam 0 and beam 1 are the beams that UE receives by different spatial filter at different time instant. In this case, UE cannot receive PDSCH from TRP 1 (beam 0) and TRP 2 (beam 1) on the same panel at a given time instant. Therefore, the existing beam reporting scheme in Rel-15 needs to be further enhanced to support beam reporting for multi-TRP transmission. One method is to support the beam grouping criteria A2 discussed in Rel-15, in which different TRP TX beams reported for different groups can be received simultaneously at the UE, and the different groups can correspond to different TRPs.
Proposal 3: The enhancement of group-based beam reporting should be considered in Rel-16 for both multi-panel and multi-TRP transmission.
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Fig. 1 Multi-panel and multi-TRP transmission
4 Beam failure recovery for Scell
In RAN1 96bis meeting [3], following agreements were made:
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 
For Option 1, new beam information (if present) and beam failure event is reported by MAC CE, and resource for MAC CE is not triggered by dedicated PUCCH/PRACH for BFR. In this way, the latency between transmitting normal SR by UE and receiving the UL grant may be large. To reduce the latency, UE can transmit dedicated PUCCH/PRACH to inform gNB that the beam failure is occurred, and then gNB can schedule the UL resource for reporting new beam information (if present) and failed CC index(es) as soon as possible. Therefore, we think Option 2 is superior to Option 1. For Option 3, UE conveys beam failure event and failed CC index(es) in step 1, and reports new beam information (if present) in step 2. To know the failed CC index(es) via PUCCH/PRACH implicitly, different sequences or different resources can be configured to identify different serving cell(s) in step 1. 

It is also necessary to inform the gNB that beam failure is happened on the SCell if no new beam is identified by the UE, and then gNB can trigger a beam reporting procedure to find new beam or just deactivate the SCell. For Option2, different BFRQ sequences can be transmitted on the PUCCH/PRACH resource. When gNB receives the BFRQ, it can know whether new beam is identified. If yes, gNB can transmit the UL grant to the UE, and UE will report the candidate beam(s) and the failed CC index(es) on the scheduled PUSCH resources. Otherwise. UE will only report the failed CC index(es). For Option 3, whether new beam is identified by the UE can be known from Step 2, for example, a dedicated new beam ID can be reserved to represent that the new beam is not founded.   
Besides, for DL-only SCell, UE would transmit SR, HARQ-ACK, and CSI reporting on PUCCH resources on PCell. When the UL resource is in short, it is difficult to configure many dedicate PUCCH or PRACH resources for BFR. In this case, PUCCH resources are more preferred than PRACH resources, because PUCCH resources for UCI transmission may be reused for BFRQ transmission. For gNB, to differentiate the BFRQ from other UCI types, different designs are needed. For example, the PUCCH resource for beam reporting can be reused for BFRQ transmission if a particular RSRP/SINR value is reserved to represent the quality of candidate beams for beam recovery. The PUCCH resources for SR can also be used for BFRQ transmission if different sequences of PUCCH format 0/1 are used for SR and BFRQ transmission, e.g., different sequence cyclic shifts of PUCCH format 0/1 can be defined for SR and BFRQ transmission. 

Proposal 4: PUCCH resources on PCell should be supported for BFR of SCell, and UE may report new beam information during BFR procedure.
Proposal 5: gNB can differentiate whether new beam is identified by UE from the BFRQ transmission.

5 Measurement and reporting of L1-SINR and L1-RSRP
In RAN1 96bis meeting [3], the following agreement was made:
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.

MU-MIMO is very important for FR2 with more antennas and large bandwidth resources. In order to guarantee the performance of MU-MIMO, two aspects need to be further considered: one is how to determine which users are suitable to be paired, the other one is how to obtain accurate MU-CQI. For the second aspect, the CSI measurement in Rel-15 has already supported to obtain MU-CQI accurately. However, for the first aspect, enhancements are needed for FR2 to take into account the inter-beam interference in beam management and reporting to determine the suitable users for pairing. In FR1, gNB can obtain the whole channel information based on SRS for multi-user pairing decision of MU-MIMO transmission. However, in FR2, if we also rely on SRS to obtain the whole channel information for multi-user pairing decision of MU-MIMO transmission, gNB may need much more SRS resources considering that both gNB and UE have several analog beams. This will cause more SRS overhead and increase the latency. Besides, since the beam of high frequency is very narrow, it is unlikely to do MU-MIMO transmission in one analog beam, and it may be more suitable to use different analog beams for different users in MU-MIMO. Therefore, NZP IMR should be considered in beam measurement and reporting procedure to obtain L1-SINR taking into account inter-beam interference in order to determine the suitable users for pairing. 
Proposal 6: NZP IMR should be considered in beam measurement and reporting procedure to obtain L1-SINR taking into account inter-beam interference in order to determine the suitable users for pairing.
In RAN1 96bis meeting [3], the following agreement was made:
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
When taking into account inter-beam interference to calculate L1-SINR, if dedicated interference measurement resources are not configured, the RS resources configured for channel measurement can be reused as resources for interference measurement. As shown in Fig.3, if a NZP CSI-RS resource set with three NZP CSI-RS resources (three beams) is configured to UE1 to perform beam measurement and report, UE1 can assume beam 0 as signal beam and beam 2 as the interference beam to calculate and report the corresponding CMR index (beam 0) + IMR index (beam 2) + L1-SINR, which means UE1 prefers to be paired with another UE using beam 2. Similarly, if UE2 also report beam 2 as its best beam, then gNB can pair UE1 and UE2 to perform MU-MIMO transmission. With this method, beam reporting can be used to help gNB to determine the suitable users for pairing. 
Proposal 7: For L1-SINR, if dedicated interference measurement resources are not configured, the RS resources configured for channel measurement in beam management can be reused as resources for interference measurement.
Proposal 8: CMR index (beam 0) + IMR index (beam 2) + L1-SINR should be reported, where the L1-SINR is calculated based the reported CMR and IMR.
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Fig.3 The beam measurement for MU-MIMO

6 Conclusions

Based on the above discussions, the proposal are as follows:
Proposal 1: To support panel-specific UL transmission, gNB should know the panel ID in which UE uses to receive a SSB/CSI-RS resource.
Proposal 2: Update/configure spatial relation per PUCCH group can reduce the MAC CE overhead and UL beam management latency, where PUCCH group can be defined as part of PUCCH resources in one PUCCH resource set.
Proposal 3: The enhancement of group-based beam reporting should be considered in Rel-16 for both multi-panel and multi-TRP transmission.

Proposal 4: PUCCH resources on PCell should be supported for BFR of SCell, and UE may report new beam information during BFR procedure.
Proposal 5: gNB can differentiate whether new beam is identified by UE from the BFRQ transmission.

Proposal 6: NZP IMR should be considered in beam measurement and reporting procedure to obtain L1-SINR taking into account inter-beam interference in order to determine the suitable users for pairing.

Proposal 7: For L1-SINR, if dedicated interference measurement resources are not configured, the RS resources configured for channel measurement in beam management can be reused as resources for interference measurement.
Proposal 8: CMR index (beam 0) + IMR index (beam 2) + L1-SINR should be reported, where the L1-SINR is calculated based the reported CMR and IMR.
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