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Introduction
A new work item on MIMO enhancements for NR was approved in RAN#80, including enhancements on multi-beam operation. The detailed objectives of the enhancements on multi-beam operation, mainly targeting FR2 operation, are as follows: 
· [bookmark: _Hlk525637653]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 RAN1#94b, the following progress has been made on enhancements for multi-beam operation [1], in addition to agreements on LLS and SLS evaluation assumptions.

For next meeting:
Companies are encouraged to evaluate and study further mechanism(s) to support multiple UL Tx panel/beam indication for PUSCH
· FFS on how to support the indication, e.g., by multiple SRI fields, an extension of the existing SRI field, an indication of selected panel(s), single SRS resource transmitted associated with multiple panels etc.
· FFS on relation to TPMI/TRI fields, PC/TA mechanisms
· Companies to consider specification implications of multiple UL Tx panel/beam support

Agreement
· L1-SINR is supported. L1-RSRQ is not supported.
· Companies to study and provide definition of L1-SINR
· Study the reporting content, e.g.
· Whether CRI/SSBRI is reported
· Whether differential group/non-group reporting is applied
· Whether L1-RSRP is reported
· Study the interference measurement mechanism


In this document, we discuss mechanisms to support multiple UE panel/beam indication. We further propose interference measurement mechanism for L1-SINR report, and requirements for BFR on SCell. 
Multiple UL Tx Panel/Beam Indication
When the UE operates in FR2, it is expected to have two or more antenna panels, to provide spherical coverage, and overcome the adverse effects of blocking. For receiver beam switching, switching antenna panels has the same effect as switching beams within a panel, except that antenna panel switching requires a larger processing time than switching beams within a panel. The larger processing time due to switching panels, can be in excess of 20 slots, and may occur because of powering the antenna panel on/off for energy savings. Furthermore, it is important for the UE to be able to transmit and/or receive on multiple panels simultaneously. The details of beam management at the UE are, however, generally unknown to the network.
For UL beam management, and for DL Rx beam selection, the ability to indicate the selected panel(s) for transmission and or reception from the UE to the network is important. In fact, indicating the group of beams for UL beam management or for DL Rx beam selection, where the group of beams can correspond to one or multiple panels, improves the efficiency and reduces the overhead of the beam management procedure. This becomes crucial in applications such as IAB with large number of beams expected at the MT, or V2X with multiple antenna panels at the vehicular nodes.
Proposal 1:  An indication of beam grouping at the UE, e.g. selected panel(s), should be supported 

Measurement and Reporting with Interference Measurement
In the current beam management procedure, a UE is configured with one resource setting such that this resource setting is used for channel measurement for L1-RSRP computation. For this resource setting, to train Tx beam, the UE is configured with a higher layer parameter repetition set to ‘off’; to train receive beams, the UE is configured with a higher layer parameter repetition set to ‘on’. When repetition is set to ‘off’, a CRI-RSRP report is configured, when repetition is set to ‘on’, no CRI report is configured. 
In addition to beam measurement and reporting based on L1-RSRP, beam measurement and reporting based on L1-SINR has been agreed in RAN1#94b
Agreement
· L1-SINR is supported. L1-RSRQ is not supported.
· Companies to study and provide definition of L1-SINR

To include an interference measurement in the beam management report, in addition to  channel measurement, the resource setting defined for beam management can include CSI-RS-resource sets configured for channel measurement as well as interference measurement performed on CSI-IM or on NZP-CSI-RS. For this resource setting, the UE can be configured with multiple report settings, such that the network may configure a report setting with CSI-RS resources corresponding to a strong interference source, while another report setting can be configured without a strong interference source. UE can select the transmit and receive beams independently for each of the report settings. 
One can also define an additional resource setting for beam management, in addition to the one resource setting currently defined in NR Rel. 15 for the beam management procedure. One resource setting, with its associated report setting, can be used for transmit and receive beam measurement and selection for channel measurement, with no strong interference present. This resource setting corresponds to L1-RSRP report. The additional resource setting, can be used for interference measurement on CSI-IM or on NZP-CSI-RS, in the presence of interference, in which case the corresponding resource indicator and L1-SINR is included in the report. 
Proposal 2: Interference measurement can be included using additional report settings and/or resource settings for beam management 
Beam Failure Recovery for SCell
Beam failure recovery mechanism in Rel. 15 includes the following aspects.
· Beam failure detection
· New candidate beam identification
· Beam failure recovery request transmission
· UE monitors gNB response for beam failure recovery request.

Beam failure recovery for SCell in Rel. 16 is based on the beam failure recovery procedure specified in Rel. 15. Beam failure recovery request transmission in Rel. 15 was based on CF-RACH and CB-RACH resources. Reducing latency and overhead, however, is an important factor to consider for BFR in SCell, especially in beam failure recovery request transmission. In addition to the procedure specified in Rel. 15, PUCCH based beam failure recovery request transmission should be supported for BFR for SCell. 
Proposal 3: PUCCH-based BFR request transmission should be supported in BFR for SCell.

Conclusion
In this contribution, we discussed multi-panel transmit/receive beam management, beam measurement and reporting based on L1-SINR and BFR on SCell. We made the following proposals.

Proposal 1:  An indication of the selected group of beams at the UE, e.g. selected panel(s), should be supported 
Proposal 2: Interference measurement can be included using additional report settings and/or resource settings for beam management 
Proposal 3: PUCCH-based BFR request transmission should be supported in BFR for SCell.
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