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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#96bis regarding UL beam management enhancements for latency and overhead reduction. 
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

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 Failure Recovery for SCell
The following agreement has been reached regarding beam failure recovery for SCell in RAN1#96bis.
Agreement
Downlink RS for new beam identification can be based on SSB and CSI-RS for BM
Agreement
[bookmark: _Hlk5796618]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
· 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 

Reducing latency and overhead is an important factor to be considered for BFR in SCell, especially for BFRQ. 
After the UE detects failure on SCell with DL only, the UE needs to report the beam failure event. Unless the UE already has an UL grant, the UE will need to send an SR to obtain an UL grant, before being able to convey the beam failure recovery request information. Relying on normal SR might result in an unacceptable delay, depending on the periodicity of the SR opportunities. 
Two options thus arise, for the first option, the network may configure periodic UL grants with small periodicity for the UE to subsequently convey the beam failure event, new beam information and failed CC indices, all on MAC CE using one step. 
The second option is to use dedicated PUCCH resources or dedicated SR to convey the beam failure event, followed by failed CC indices and new beam information on MAC CE, after receiving the UL grant.
From a latency point of view, the second option seems to be safest, to ensure that the PCell is informed about the beam failure event as soon as possible. 
Proposal 3: For BFRQ procedure on SCell, use MAC CE to report failed CC indices and new beam information 
Proposal 4: Dedicated PUCCH resources can be used to convey beam failure event
Measurement and Reporting with Interference Measurement
In RAN1#95, L1-SINR was agreed to be supported for beam measurement and reporting. 
The following agreements have been made in RAN1#96bis about the details of the resources for interference measurement for L1-SINR based beam measurement and reporting. 
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

For L1-SINR, to include interference measurement resources, in addition to channel measurements, the framework in 38.214 can be applied to beam management. Additional resource settings can be used for interference measurement, based on CSI-IM or NZP-CSI-RS. Corresponding report settings for L1-RSRP, or L1-SINR reporting can be used such that L1-RSRP is used in the absence of a strong interferer, and L1-SINR can be used to indicate the presence of interference when interference measurements are included in the resource settings.

The L1-SINR framework for beam management can follow that of the CSI procedure such that interference measurements can be based on ZP-based IMR or NZP-CSI-RS, without needing to restrict it to one or the other. 
NZP-CSI-RS for interference measurement in the CSI procedure is beneficial for MU-MIMO performance improvement. In addition to inter-beam interference on the access link for the UEs,  NZP-CSI-RS may be beneficial to be configured for the use case of spatial division multiplexing (SDM) in integrated access and backhaul (IAB). For such a use case, an IAB node simultaneously transmits in the DL to an access UE or a child IAB node, and transmits in the UL to a parent IAB-node. This can be based on a single panel or multi-panel transmission. The transmission in the UL might cause significant interference to the DL transmission. Configuring  NZP-CSI-RS for interference measurement in this case, can be helpful. We thus propose to have both NZP-CSI-RS and ZP-IMR for interference measurement for L1-SINR based beam management, without restricting the CSI framework, for future compatibility. 
Proposal 5: For L1-SINR, interference can be measured similarly to the CSI-RS framework specified in 38.214
Proposal 6: L1-SINR can be based on ZP+NZP IMR

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: For BFRQ procedure on SCell, use MAC CE to report failed CC indices and new beam information 
Proposal 4: Dedicated PUCCH resources can be used to convey beam failure event
Proposal 5: For L1-SINR, interference can be measured similarly to the CSI-RS framework specified in 38.214
Proposal 65: L1-SINR can be based on ZP+NZP IMR
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