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Introduction
Last meeting RAN4 continued the discussion related to CSI-RS measurement for beam management. A number of issues for further discussion was raised by many companies. A WF [1] was agreed in which included following for the L1-RSRP:· Both CSI-RS based and SSB based L1-RSRP measurement period for beam reporting will be specified.
· FFS how to capture the requirements
· The measurement accuracy of L1-RSRP for beam reporting will be studied in performance part.
· It is FFS, for beam reporting, the requirements on L1-RSRP measurement accuracy can be based on single-shot or multi-shot measurement.
· Requirements on accuracy and its side condition for L1-RSRP should be specified as a package.
· FFS whether to use the same L1-RSRP accuracy requirements of for both candidate beam detection and beam reporting
· 



Following we look at some of the open issues related to L1-RSRP including sweeping due to L1-RSRP measurements.

Discussion
When discussing CSI-RS for L1-RSRP measurements and reporting it should be observed, that the purpose of these measurements is for beam management and not for L3 mobility. Therefore, it is seen important that timely L1-RSRP feedback from UE is received by gNB, and that any latency between when the UE performs the L1-RSRP measurement and the actual report containing the results, is known.

L1-RSRP Measurements
The UE is configured by the network to perform L1-RSRP measurements. The network can in fact configure UE to perform L1-RSRP measure based on either CSI-RS alone, SSB alone or a combination or CSI-RS and SSB.
Observation 1: RAN4 should also define L1-RSRP measurement period for beam reporting when combined CSI-RS and SSB is used for L1-RSRP.
RAN1 has agreed to introduce both absolute reporting of L1-RSRP, and relative reporting for L1-RSRP reporting. Based on this RAN4 would need to define L1-RSRP report mapping for both absolute and relative mapping for beam management.
[bookmark: _Hlk517715649]RAN4 defines absolute report mapping using a 7-bit value in the range [-140, -44] dBm with 1dB step size.
RAN4 defines differential report mapping based on:
· Largest value of L1-RSRP uses a 7-bit value in the range [-140, -44] dBm with 1dB step size; and
· A 4-bit differential value with 2 dB step size with a reference to the largest L1-RSRP value.
The detailed mapping will be part of performance work.

UE time domain averaging of L1-RSRP
The actual CSI-RS configuration for L1-RSRP is rather flexible and the network may configure a number of different parameters which affects the UE measurement periodicity and also the measurement accuracy. It is well known that the number of RS available per measurement instant (measurement sample) affects the measurement accuracy. For CSI-RS based L1-RSRP measurement accuracy this means:
· Configured CSI-RS measurement BW
· Configured CSI-RS density
While for SSB these two parameters are fixed, while the SSB periodicity may differ.
Another aspect affecting measurement accuracy is the time domain averaging factor. E.g. when discussing L3 RRM measurements for mobility, time domain averaging is used to account for the time domain channel variance. However, the purpose of RRM measurements is for L3 mobility while L1-RSRP measurements is for beam management. L3 mobility is mobility between cells and involves RRC and inter-cell signalling, while L1-RSRP for beam management is intra-cell and managed by L1 and/or MAC signalling. Beam management, especially in FR2, may need to rely on lower latency and faster adaptation than cell changes.
FR2 is likely in need for faster beam management based on lower latency signalling and reporting than what is possible when considering L3 mobility. I.e. baseline for properly working the beam management, is to have timely access to L1-RSRP measurements with low latency accurately reflecting the current channel conditions without too long channel memory. 
Low latency L1-RSRP with short channel memory is baseline for properly working beam management.
Latency and accuracy are of course linked to the available RS configured for the L1-RSRP. The RS used as baseline for beam management can be CSI-RS, SSB or both. In a well configured network the network will configure the RS parameters to be for used for L1-RSRP (SSB and/or CSI-RS and related RS density and BW) aligned with the network needs based on the deployment.
Latency and accuracy are linked to the available RS configured for the L1-RSRP.
Additional measurement latency, introduced on UE side in terms of potential measurement averaging in time domain, impacts the UE feedback latency. It is important for system operation that network has knowledge of any such additional UE measurement latency. 
Predictable L1-RSRP reporting latency is important for system operation.
Therefore, RAN4 need to define any potential L1-RSRP time domain averaging on UE side.
[bookmark: _Hlk517715694]UE time domain averaging for L1-RSRP measurements (if any) shall be well defined by RAN4.

One reason for not introducing L1-RSRP time domain averaging is that the UE is configured with L1-RSRP measurement settings per BWP. I.e. 38.214 states that each Reporting Setting CSI-ReportConfig is associated with a single downlink BWP (indicated by higher layer parameter bandwidthPartId) and contains the reported parameter(s) for one CSI reporting band. If SSB is used for L1-RSRP the BW and RS density is known. However, RAN4 also need to consider how to handle when L1-RSRP is based on a combination of CSI-RS and SSB.
These different combinations means, that if there is additional L1-RSRP reporting latency e.g. for each BWP switch, this will affect the L1-RSRP reporting for in new BWP in terms of L1-RSRP reporting delays, which may affect the beam management.
Based on this, we prefer that the L1-RSRP time domain averaging on UE side shall be kept at a minimum and preferably it shall be defined that the UE shall not perform time domain averaging of the reported L1-RSRP measurements.
[bookmark: _Hlk514095239]No time domain averaging of L1-RSRP measurements are performed on UE side.
Any necessary time domain averaging can be done on gNB side based on the UE reported L1-RSRP results.
Any necessary L1-RSRP averaging can be done in gNB based on UE reported L1-RSRP results.
There have been some discussions related to the ‘initial’ reporting of L1-RSRP based on newly available RS (CSI-RS, SSB or combination) and how this would be handled. At least two approaches are possible:
· one approach would be to introduce some initial detection in similar manner as discussed concerning beam failure recovery. I.e. once UE has detected beam failure UE will initiate beam failure recovery including selection of recovery beam.
· Another approach not to define such measurement period as the L1-RSRP results are supposed to low latency and can be averaged on network side.
Our preference is not to introduce any time or measurement period for initial reporting of L1-RSRP. Reason being as explained in former section.
No time domain averaging of L1-RSRP measurements for initial reporting is introduced.

L1-RSRP accuracy requirements
Another aspect discussed in last meeting was if the UE shall measure all RS configured for L1-RSRP continuously. As L1-RSRP for beam management is intra-cell measurements, it is not seen possible for the UE not to perform RS filtering regarding which RS to measure and which not. E.g. UE cannot filter certain RS based on not having identified the cell or not having the RS timing. Additionally, it may be that the SSB and CSI-RS used for beam management have different coverage. Based on this, we see it necessary for the UE to continuously measure all RSs configured for L1-RSRP for beam management.
UE shall continuously measure all RS configured for L1-RSRP measurements.
Side conditions when the UE shall be able to report L1-RSRP based on a given RS for beam management, and the related measurement accuracy and conditions can be addressed during the performance work. This could account RS type (CSI-RS, SSB or both), CSI-RS BW and density.
Side condition and measurement accuracy for L1-RSRP is handled as part of performance work.

Sweeping due to L1-RSRP measurements
The need for measurement sweeping – UE RX beam sweeping - due to L1-RSRP measurements was also discussed shortly during the Busan meeting.
For FR1 we think the same principle would apply for L1-RSRP measurements as for RRM measurements. I.e. the assumption is in FR1 the omni-directional assumption is that UE has omni-directional antenna and the UE does not need UE Rx beam sweeping to perform L1-RSRP measurements.
UE Rx beam forming sweeping is not needed in FR1.
One additional aspect to discuss for L1-RSRP measurements in FR1 is the scheduling availability. It seems reasonable to assume that the scheduling availability requirements for when UE performs RRM measurements and e.g. RLM in FR1, would apply more less unchanged also for when UE performs CSI-RS/SSB based L1-RSRP measurements.
UE scheduling availability when performing CSI-RS/SSB based L1-RSRP measurements in FR1, are similar as those for when UE performs RRM measurements.
In FR2, it has been assumed that UEs need multiple RX panels to achieve 360-spherical spatial coverage. This would need to be accounted also in the treatment of beam management (BM) measurement. In the BM measurement discussion, it would need to be considered how the prioritization of BM measurements over reception of other channels e.g. PDCCH, PDSCH should be handled. 
When L1-RSRP CSI-RS resource set is configured for the beam management, gNB’s TX beam sweeping or UE RX beam sweeping can be supported by the value of repetition information element, i.e. OFF/ON (‘repetition’ parameter in ‘NZP-CSI-RS-ResourceSet’ IE), CSI-RS resources within the set. 
· If the value of repetition set to ‘ON’ UE RX beam sweeping is performed and the simultaneous reception of PDSCH and CSI-RS cannot be guaranteed in the same symbols. 
· [bookmark: _Hlk514055916]If the value of repetition set to ‘OFF’, UE should receive simultaneous PDSCH and CSI-RS in the same symbols if the DMRS resources of PDSCH are spatially QCL:ed with each CSI-RS resource in the CSI-RS set. 
Thus, when repetition is ‘ON’ the UE is expected to perform RX beam sweep to refine its RX for reception. When the repetition of the CSI-RS resource set is ‘OFF’, UE shall not do Rx beam sweeping, but shall only measure assuming using the same beam as used for PDSCH reception. I.e. the UE is not allowed to miss receiving PDCCH, PDSCH etc. without any loss due to performing beam sweeping for L1-RSRP CSI-RS measurements.
When CSI-RS resource set repetition is set ‘ON’ UE is expected to perform RX beam sweeping for L1-RSRP measurement for RX beam refinement.
When CSI-RS resource set repetition is set ‘OFF’, UE is not expected to perform RX beam sweeping for L1-RSRP measurements and the UE shall not miss any PDSCH reception due to performing RX beam sweeping (conditioned that the DMRS resources of PDSCH are spatially QCL:ed with each CSI-RS resource in the CSI-RS set).
If BM CSI-RS resources would be multiplexed with SSB, and falls within the SMTC window, it could be assumed that related L1-RSRP measurements could be carried using same UE RX beam sweeping, assuming the same numerology.
In FR2, inside the SMTC window, when BM CSI-RS are multiplexed with SSB, the UE Rx beam sweeping used for SSB based L3 measurements is also used for L1-RSRP SSB based measurements.
Additionally, and as discussed for FR1, UE scheduling availability needs to be discussed when UE performs CSI-RS based L1-RSRP measurements. Scheduling availability for SSB based L1-RSRP should also be addressed.
: UE scheduling availability when the UE performs CSI-RS and/or SSB based L1-RSRP measurements in FR2 needs to be defined in RAN4.

Conclusion
In this paper we have continued the discussion related to CSI-RS measurement for beam management based on the issues for further discussion raised by many companies in last meeting. Related to CSR-RS and SSB for beam management we propose:
1. RAN4 defines absolute report mapping using a 7-bit value in the range [-140, -44] dBm with 1dB step size.
RAN4 defines differential report mapping based on:
· Largest value of L1-RSRP uses a 7-bit value in the range [-140, -44] dBm with 1dB step size; and
· A 4-bit differential value with 2 dB step size with a reference to the largest L1-RSRP value.
UE time domain averaging for L1-RSRP measurements (if any) shall be well defined by RAN4.
No time domain averaging of L1-RSRP measurements are performed on UE side.
No time domain averaging of L1-RSRP measurements for initial reporting is introduced.
UE shall continuously measure all RS configured for L1-RSRP measurements.
Side condition and measurement accuracy for L1-RSRP is handled as part of performance work.
UE Rx beam forming sweeping is not needed in FR1.
UE scheduling availability when performing CSI-RS/SSB based L1-RSRP measurements in FR1, are similar as those for when UE performs RRM measurements.
In FR2, inside the SMTC window, when BM CSI-RS are multiplexed with SSB, the UE Rx beam sweeping used for SSB based L3 measurements is also used for L1-RSRP SSB based measurements.
: UE scheduling availability when the UE performs CSI-RS and/or SSB based L1-RSRP measurements in FR2 needs to be defined in RAN4.
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