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Introduction
In the RAN4 October meeting in Chengdu, RAN4 continued the beam management related UE requirements. Based on the discussions a way forward was agreed in [1]. In this paper we continue the discussion based on the WF and present our views on the different open aspects in the WF.
Discussion
The way forward addresses the two open issues to be discussed for beam management:
· Beam Failure Detection (BFD)
· Link Recovery (also referred to as Candidate Beam Detection - CBD)
In essence the BFD is about monitoring the DL beam link quality against the given threshold as indicated by parameter rlmInSyncOutOfSyncThreshold. If all RS sets used or BFD are below the threshold the UE L1 indicates this to MAC layer of the UE by L1 indications. Such indication shall happen based on the maximum of the shortest periodicity of the RS used for link monitoring and 2ms.
Link recovery is managed by MAC. A MAC level counter is used to count the number of L1 indication. If the MAC counter reaches the beamFailureInstanceMaxCount link recovery is initiated by MAC. I.e. the beamFailureInstanceMaxCount is used as L2 filter of the L1 indications. Link recovery is done by UE initiating random access procedure on a candidate beam based on L1-RSRP DL beam measurements.

L1-RSRP measurements and Reporting
Related to L1-RSRP measurement and reporting the discussion continued in Chengdu meeting with some progress. A number of aspects are still open for further alignment. In this section we present our view on these topics.

L1-RSRP averaging
At least two cases exist where requirements for single shot measurement is needed:
· when aperiodic reporting is triggered
· when parameter timeRestrictionForChannelMeasurements is configured
For these two cases UE shall report L1-RSRP based on the most recent L1-RSRP measurement sample. Hence, RAN4 need to define related requirements.
Whether averaging period would need to be defined for L1-RSRP measurement in a similar manner as known from L3 measurement was FFS.
For this discussion one need to remind the different purposes of L1 measurements and L3 measurements. L1-RSRP measurements are e.g. to be used for beam management to enable network to efficiently and timely reconfigure the beams used by the UE. L3 measurements are for higher layer mobility – e.g. inter-cell mobility and load balancing.
If the L1-RSRP measurements are averaged in a similar manner as L3 measurements, there would in practise be no difference between the measurements and the benefit of the L1-RSRP low latency feedback for beam management disappears. Additional averaging also introduces additional latency in the reporting as well as it introduces a certain level of channel memory – i.e. it will not be possible for the network to perform efficient beam management in a similar manner as if there would be no averaging.
Based on this we see an additional UE averaging of the L1-RSRP can have negative impact on the overall system performance as it can lead to network limitations in beam management.
UE averaging of the L1-RSRP measurements can have negative impact on the overall system performance.
No L1-RSRP averaging is applied on UE side.
This means that reported L1-RSRP measurements are based on the latest sample.
UE reports single measurement L1-RSRP and latest L1-RSRP measurement.

L1-RSRP measurement accuracy
Based on the discussion in former section RAN4 would need to define L1-RSRP accuracy requirements based on single short measurements. Defining these at -3dB would be reasonable.
If RAN4 does not introduce any L1-RSRP averaging there is no reason to introduce related accuracy requirements for averaged L1-RSRP measurements.
RAN4 only defines L1-RSRP accuracy requirements based on single-shot measurement, provided RAN4 does not introduce L1-RSRP measurement averaging.

L1-RSRP Reporting Requirements
CSI reporting configuration, including configuration for L1-RSRP, indicates whether the reporting type is aperiodic, semi-persistent (on PUCCH or PUSCH) or periodic.
Periodic reporting is initiated by the UE once the related BWP is activated. Aperiodic and semi-persistent reporting are on the other hand triggered reports. Triggered reports are seen as a common reporting type which leads to UE triggering reports when needed thereby reducing the reporting and signalling overhead (and UE power consumption).
Hence, it is necessary to have reporting requirements for L1-RSRP reporting for aperiodic, semi-persistent and periodic reporting.
RAN4 defines requirements for aperiodic, semi-persistent and periodic L1-RSRP reporting.

L1-RSRP and QCL assumption
L1-RSRP is for assisting network beam management. UE is required to measure the SSB and CSI-RS configured by the network for L1-RSRP measurements. However, for L1-RSRP reporting, the UE can be configured with CSI-RS resources, SSB resources or both CSI-RS and SSB resources for L1-RSRP computation, when resource-wise quasi co-located with 'QCL-Type A' and 'QCL-TypeD'. I.e. UE can assume that it is only required to measure L1-RSRP resources which are QCL-Type A/D and would not need to measure resources which are not QCL-Type A/D.
[bookmark: _Hlk528855570]Based on this there is no need for UE to apply Rx beam sweeping to measure L1-RSRP. I.e. for SSB-based and CSI-RS L1-RSRP measurements N=1.
UE Rx beam sweeping is not needed to measure L1-RSRP.
For SSB-based and CSI-RS L1-RSRP measurements N=1.

L1-RSRP and Scaling factor P
If the L1-RSRP is based on SSB the UE will most likely perform the L1-RSRP measurements at the same time when it is performing SSB L3 measurements. Re-using the approach from beam failure detection is likely ok for SSB based L1-RSRP. For CSI-RS based L1-RSRP also the potential different SCS between data and SSB needs to be considered for the case when CSI-RS and SSB collides in time.

Number of Resources to monitor for L1-RSRP
For L1-RSRP computation RAN1 has decided that the UE may be configured with CSI-RS resource setting up to 16 CSI-RS resource sets having up to 64 resources within each set. The total number of different CSI-RS resources over all resource sets is no more than 128.
38.214 defines following regarding the UE measurement capability:
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RSRP' or 'ssb-Index-RSRP'
- if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'disabled', the UE is not required to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall report in a single report nrofReportedRS (higher layer configured) different CRI or SSBRI for each report setting.
- if the UE is configured with the higher layer parameter groupBasedBeamReporting set to 'enabled', the UE is not required to update measurements for more than 64 CSI-RS and/or SSB resources, and the UE shall report in a single reporting instance two different CRI or SSBRI for each report setting, where CSI-RS and/or SSB resources can be received simultaneously by the UE either with a single spatial domain receive filter, or with multiple simultaneous spatial domain receive filters.
I.e. if group based beam reporting is disabled, the UE shall be able to measure and update measurements up to at least 64 CSI-RS and/or SSB resources. The UE shall be able to report up to 4 different results for each report setting. If group based beam reporting is enabled UE only need to be able to report 2 different results per report setting.

Requirements covering D=1
Currently there are two densities defined, D=1 and D=3. Discussions have been ongoing whether requirements are needed for the D=1 case in addition to D=3 case.
In our view the D=1 is an equally important case to test as the D=3. D=1 allows certain benefits compared to D=3 e.g. in terms of RS overhead. Similarly, it can be seen from the LL simulations that accuracy when using D=1 can be acceptable and even comparable to when using D=3 provided samples and BW are accounted.
As D=1 is part of the baseline NR system design this means that requirements also need to be defined. Adding requirement for D=1 in addition to D=3 is not seen as a great additional effort when it comes to RAN4 work.
From testing perspective, the D=1 can be tested using similar principle as used for other parameter testing such that UE supporting the D=3 and D=1 only need to pass one of two defined test cases.
RAN4 defines requirements for D=1.

Conclusion
Based on the discussion in this paper we observe and propose the following:
1. UE averaging of the L1-RSRP measurements can have negative impact on the overall system performance.
1. No L1-RSRP averaging is applied on UE side.
UE reports single measurement L1-RSRP and latest L1-RSRP measurement.
RAN4 only defines L1-RSRP accuracy requirements based on single-shot measurement, provided RAN4 does not introduce L1-RSRP measurement averaging.
RAN4 defines requirements for aperiodic, semi-persistent and periodic L1-RSRP reporting.
UE Rx beam sweeping is not needed to measure L1-RSRP.
For SSB-based and CSI-RS L1-RSRP measurements N=1.
RAN4 defines requirements for D=1.
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