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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 this document, we discuss enhancements on multi-beam operation targeting the various objectives of the work item. 

Enhancements on UL/DL Beam Selection to reduce latency and overhead
The following agreements have been made in RAN1#97 [1] regarding beam management enhancements for signaling overhead reduction and latency enhancements, mostly focused on UL beam management.
Agreement
The supported feature of MAC CE based spatial relation update for aperiodic SRS per resource level is applicable to at least 3 supported usages as codebook-based UL, non-codebook-based UL, beam management.

Working Assumption
The supported feature of MAC CE based spatial relation update for aperiodic SRS is applicable to the usage of antenna switching per SRS resource level

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

Other methods should be considered to reduce latency and overhead for UL/DL beam selection, as per the objectives of the WI. We propose two such methods.
UE-triggered Beam Management 

The basic concept of NZP-CSI-RS resource set repetition ‘on’ is to repeat the transmission for multiple times to allow the receiver to sweep its receive beams to measure the receive beam quality and identify the receive beam at the UE. The network does not know how many beams or resources the UE needs to sweep to identify the best receiving beams. In fact, the details of the receive beam measurement at the UE in the beam management procedure are transparent to the network, and the network triggers the receive beam measurement without knowing the status of the receive beam at the UE.
Having the beam management procedure solely triggered by the network presents a potential problem since the network does not have readily information on when the receiver beam training procedure needs to be triggered, leading to a large overhead, and potential data transmission interruption when the UE is performing antenna panel switching for example.
Observation 1: Network triggered Rx beam management procedure may lead to an increased overhead 
To reduce the overhead of the Rx beam sweeping procedure, while keeping the identification of the best beam at the receiver up to the UE implementation, we propose an on-demand receive beam procedure. The UE may identify the need for a Rx beam switch before a beam management procedure is triggered by the network. This identification can be the result of a failure in PDSCH decoding, for example. It can also result from a comparison of different Rx beam RSRPs when two different RSs are sent with the same TCI state, and received on different receive beams. 
Once the UE identifies that there is a need to do receive beam training, it sends the network a request to trigger the beam management procedure. This request can be signaled at the first available transmission opportunity on PUCCH, on a reserved RACH state or in UCI on PUSCH. 
When the network receives the request from the UE, the network will trigger a beam management procedure. The network may choose for example to trigger a P1/P2/P3 beam management procedure, or just a P3 procedure. 
Proposal 1: a UE triggered beam management procedure should be studied in NR for overhead reduction

Lower overhead receive beam sweeping

Another venue for reducing the overhead in the beam management procedure is to vary the number of OFDM symbols where the NZP-CSI-RS resources are configured with repetition ‘on’, such that configuring the NZP-CSI-RS resources with repetition ‘on’ with a smaller repetition number results in a smaller overhead. This can be based on the quality of the Rx beam report sent to the transmitter, and based on feedback from the UE. 
Observation 2: Varying the number of NZP-CSI-RS resources configured with repetition ‘on’ can result in a lower beam management overhead
For UL transmit panel and for DL receive beam selection, the ability to indicate the selected panel(s) for transmission or reception from the UE to the network is important. In fact, the ability to indicate the selected beams, which can correspond to a given panel, or beams from the same panel, is important for UL beam transmission. 
Furthermore, considering the issue from a DL perspective, having an indication to the gNB in the DL beam management report about the beam group at the UE is beneficial for efficiency of the UL and DL beam management operation. This is for example, important for applications such as IAB with large number of beams expected at the mobile terminal (MT) of the IAB node, as compared to a regular mobile UE. It is also applicable to V2X with multiple antenna panels at the vehicular nodes.
Proposal 2: DL beam reporting enhancements to include receive beam information should be considered for efficiency and overhead reduction. 
Beam Management considering MPE Issues
Further beam management enhancements related to specifying beam specific MPE impact were discussed.
Agreement
Down-select in RAN1#98 from the following options for beam management enhancements:
· Alt1. Support UE to report CRI/SSBRI where the CRI/SSBRI refers to a preferred spatial relation RS for UL transmission
· FFS: Whether to support SRI in addition to CRI/SSBRI
· FFS on details of the reporting configuration (e.g. separate or joint reporting with existing DL beam reporting, introduction of new information from UE such as MPR)
· Alt2. Support SRI field in the DCI can be used to indicate multiple SRS resources and UE’s autonomous selection of one SRS resource for PUSCH beam determination out of the multiple
· Alt3: Reuse Rel-15 beam specific PHR reporting to determine beam-specific MPE impact transparently, i.e., by difference value between Pc,max (which is calculated based on P-MPR) and the required transmission power.
· FFS: Enhancement on UL beam configuration for virtual PHR. 
· Alt4: No enhancements considering MPE issues in Rel-16 RAN1 specifications. It is up to UE implementation in conjunction to RAN4 specicfiation support.
If no consensus in RAN1#98, no further discussion in RAN1.
Assuming that the UE can figure out which beam or set of beams cause the highest MPE issue, it can be left up to UE implementation to determine what is the best DL Rx beam and correspondingly UL Tx beam, in conjunction with RAN4 set limits, as long as beam correspondence is not violated. We thus propose that there is no need to consider enhancements related to MPE issues in Rel-16 RAN1 specs, and it can be up to UE implementation solutions in conjunction to RAN4 spec support. 
Proposal 3: Support Alt. 4 with no further standardization effort in RAN1 for MPE considerations 
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Conclusion
In this contribution, we discussed multi-panel transmit/receive beam management, overhead reduction in DL Tx beam measurement, and  beam measurement and reporting based on L1-SINR and BFR on SCell. We made the following observations and proposals.
Observation 1: Network triggered Rx beam management procedure may lead to an increased overhead 
Observation 2: Varying the number of NZP-CSI-RS resources configured with repetition ‘on’ can result in a lower beam management overhead

Proposal 1: a UE triggered beam management procedure should be studied in NR for overhead reduction
Proposal 2: DL beam reporting enhancements to include receive beam information should be considered for efficiency and overhead reduction. 
Proposal 3: Support Alt. 4 with no further standardization effort in RAN1 for MPE considerations 
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