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1 Introduction

In RAN#80 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 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 provide some discussions on enhancements on measurement and reporting of L1-SINR and beam failure recovery for SCell.

2 Measurement and reporting of L1-SINR and L1-RSRP
2.1 The definition of L1-SINR
In RAN1#94b meeting [2], the following agreement was made:
· L1-SINR is supported. L1-RSRQ is not supported.

· Companies to study and provide definition of L1-SINR

For the definition of L1-SINR, there can be multiple alternatives. One possible way is to introduce the interference measurement resource for L1-SINR, such as ZP CSI-RS or NZP CSI-RS for interference measurement. Then, at least 2 RSs should be configured for each beam measurement, where one CSI-RS is used for channel measurement, and the other CSI-RS is used for interference measurement. As shown in Fig.1, CSI-RS 0 and CSI-RS 1 are used for channel and interference measurement of beam 0, respectively. It is obviously that at least two times over the existing CSI-RS resources should be configured for beam measurement.
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Figure 1 The beam measurement 

Another possible way is to refer to the definition of CSI-SINR and SS-SINR that are already defined in 38.215 [3]. L1-SINR can be defined as the linear average over the power contribution (in [W]) of the REs carrying CSI-RS/SSB divided by the linear average of the noise and interference power contribution (in [W]) over the REs carrying CSI-RS/SSB within the same frequency bandwidth. Since the latter approach is already adopted and implemented in Rel-15, it seems that the latter approach is sufficient and has less overhead and less specification/implementation impacts.
Proposal 1: L1-SINR is defined as the linear average over the power contribution (in [W]) of the REs carrying CSI-RS/SSB divided by the linear average of the noise and interference power contribution (in [W]) over the REs carrying CSI-RS/SSB within the same frequency bandwidth.
2.2 Measurement and reporting of L1-SINR and L1-RSRP
In RAN1#94b meeting [2], the following agreement was made:
· L1-SINR is supported. L1-RSRQ is not supported.

· Study the reporting content, e.g.

· Whether L1-RSRP is reported

For beam measurement, in some cases the beam may do not have the highest L1-SINR and the highest L1-RSRP at the same time. As shown in Fig.2, for UE1, the beam with the highest L1-SINR is CRI/SSBRI 0, however, the beam with the highest L1-RSRP is CRI/SSBRI 2. Maybe for UE2 the beam with the highest L1-SINR is CRI/SSBRI 2. If only the beam with highest L1-SINR, that is CRI/SSBRI 0, is reported by UE1 to gNB, gNB may perform MU-MIMO transmission to UE1 and UE2 with the beam CRI/SSBRI 0 and the beam CRI/SSBRI 2, respectively. In this case, the beam CRI/SSBRI 2 will cause severe interference to UE1. So the beam measurement and reporting scheme should be designed to avoid such cases as much as possible.
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Fig.2 The beam reporting of only L1-SINR
For MU-MIMO transmission, inter-beam interference should be taken into account in the beam measurement and reporting. 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, analog beam information is very important for MU-MIMO in FR2, and the analog beam information is mainly acquired through beam measurement and reporting procedure. So it is very helpful to obtain as much beam quality information as possible in the beam measurement and reporting procedure. 
It has been analyzed in the previous paragraph that only L1-SINR reporting is not efficient to avoid the interference between MU-MIMO UEs, so it is necessary to consider the combination of L1-SINR and L1-RSRP for beam measurement and reporting. Except reporting CRI/L1-SINR/L1-RSRP of the beams with the higher L1-SINR, UE should also report CRI/L1-RSRP of other beams that with much higher L1-RSRP simultaneously, which is measured based on the same UE reception beam. As shown in Fig.3, the beam with the highest L1-SINR is CRI/SSBRI 0, and the beam with the highest L1-RSRP is CRI/SSBRI 2. In this case, gNB selects the beam based on L1-SINR value, that is CRI/SSBRI 0, as the downlink transmission beam. Additionally, when considering MU-MIMO, if the L1-RSRP of CRI/SSBRI 0 is far less than CRI/SSBRI 2, BS can avoid configuring the beam with a relatively high L1-RSRP (CRI/SSBRI 2) to the pairing UE, to minimize the inter-user interference.
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Fig.3 The combination reporting of L1-RSRP and L1-SINR 
Proposal 2: UE can be configured to report the measured values of both L1-RSRP and L1-SINR.
3 Beam failure recovery for SCell

One of the most important issues of BFR for SCell is how to transmit the UL indication (beam failure recovery request) when UE detects the beam failure, including which channel and which cell should be used to transmit the beam failure recovery request. 

In Rel-15, PRACH based beam failure recovery request transmission has been discussed a lot. For PRACH based beam failure recovery, a dedicated PRACH resource is configured to transmit the beam failure recovery request, and the candidate beam information is known by the gNB through the association between the PRACH resources and the candidate beams. Since CFRA is already supported in SCell, CFRA based BFR for SCell can reuse the framework of CFRA procedure, and the impact on RAN2 spec will be small. From RAN1 perspective, CFRA based BFR in Rel-15 can be reused in SCell if dedicated PRACH resource is configured in SCell. The other way is to configure dedicated PRACH resources on PCell to support BFR for SCell, when beam failure is detected in SCell, the UE would transmit the PRACH on PCell. When multiple SCells are configured, the dedicated PRACH resources on PCell for each SCell to perform beam failure recovery should be orthogonal, otherwise, the gNB cannot identify the failure is from which SCell. If the number of SCell is large, too many PRACH resources on PCell are needed, However, the resource is very limited if the bandwidth of PCell is small. Therefore, CFRA resources on SCell is more appropriate for BFR of SCell.

Proposal 3: CFRA resources on SCell should be supported for BFR of SCell.  
In order to ensure that when beam failure occurs, the link between gNB and UE can be recovered timely, the dedicated PRACH resource for beam failure recovery request transmission would be dense in time domain, and if the number of UE is large, plenty of dedicated PRACH resource should be used, thus the resource overload is high. 
If SCell is not configured with PUCCH resources, UE would transmit SR, HARQ-ACK, and CSI reporting on PUCCH resources on PCell. In this scenario, the PUCCH resources on PCell can be reused for beam failure recovery request transmission. For gNB, to differentiate the beam failure recovery request from other UCI types, different designs are needed. For example, the PUCCH resource for L1-RSRP reporting can be reused for beam failure recovery request transmission if a particular L1-RSRP value is reserved to represent the L1-RSRP of candidate beams for beam recovery. For SCell configured with PUCCH resources, the PUCCH beams may not work when beam failure occurs. Hence, the beam failure recovery request transmission on PUCCH on SCell is not reliable. If the PUCCH resources on PCell are sufficient, dedicated PUCCH resources can be configured for beam failure recovery request transmission of SCell. 
Proposal 4: PUCCH resources on PCell should be supported for BFR of SCell, at least for the case when SCells are not configured with PUCCH resources. 
4 Conclusions

Based on the above discussions, the proposal are as follows:
Proposal 1: L1-SINR is defined as the linear average over the power contribution (in [W]) of the REs carrying CSI-RS/SSB divided by the linear average of the noise and interference power contribution (in [W]) over the REs carrying CSI-RS/SSB within the same frequency bandwidth.
Proposal 2: UE can be configured to report the measured values of both L1-RSRP and L1-SINR.
Proposal 3: CFRA resources on SCell should be supported for BFR of SCell.  
Proposal 4: PUCCH resources on PCell should be supported for BFR of SCell, at least for the cases when SCells are not configured with PUCCH resources. 
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