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1. Introduction

RAN4 has discussed the requirements for L1-RSRP reporting. As this is a rather new procedure which does not exist in LTE, and due to the fact that RAN4 started the discussion on this procedure a bit later than for other RRM procedures, the requirements are a bit open. In our understanding at least the following issues still need to be addressed in RAN4
· The measurement period, including the assumption on L1 filtering at UE and Rx beam sweeping
· The measurement accuracy and the side condition
· Scheduling and measurement restriction
In this paper, we will provide our views on the remaining open issues for L1-RSRP reporting.
2. Discussion
L1-RSRP measurement is configured by network by setting the reportQuantity in CSI-ReportConfig to "cri-RSRP", "ssb-Index-RSRP" or "none". In CSI-ReportConfig network will also configure reportConfigType which can be periodic, semi-persistent or aperiodic. RAN4 requirements are only defined for periodic reporting. For periodic reporting, network will configure the period of offset of the reporting instances via CSI-ReportPeriodicityAndOffset.
As UE should send periodic L1-RSRP report on the configured reporting instances, the measurement period should be simply same as the reporting period since UE needs to get the measurement result for every reporting instance. Another aspect to consider is the period of the BM RS (which can be SSB or CSI-RS). It is obvious that UE cannot perform any measurement if there is no new BM RS in a reporting period, e.g. when the reporting period is 10slot, while the BM RS period is 20slot, UE would do no measurement but simply send two identical reports for the two reporting instances. Therefore, in our view the measurement period for L1-RSRP measurement should be defined as the maximum between one BM RS period and one reporting period.

Proposal 1: Measurement period for L1-RSRP measurement is defined as the maximum between one BM RS period and one reporting period.
RAN4 has discussed the issue of whether L1 filtering should be assumed in the L1-RSRP measurement requirements, in order to ensure a reasonable accuracy. This is a bit difficult topic to discuss and agree on. 

First, what is the enough accuracy level is quite dependent on the network deployment and how network is going to use the L1-RSRP. For example, if the Tx beams are well separated in spatial domain and network only uses the L1-RSRP to select the Tx beam, the accuracy requirements can be relaxed. If the Tx beams are quite close to each other, and if UE has to distinguish them by L1-RSRP, the accuracy requirement would be tight, but of course one needs to consider that ranking (selecting the best Tx beam) is the normal use case of L1-RSRP, and if the best and second best are close, selecting the second best may not cause too big loss in throughput anyway.
Second, considering the dynamic propagation environment on FR2, the UE implementation needs to consider the trade-off between the stability and the timeliness. For example, when there is a change on the channels due to blockage or rotation, long filtering may lead to late reporting of the new beams. Some UE implementation may choose to use short or even no filtering, or give high weight to the late samples in filtering. In any case, this is quite an implementation choice. 
Considering different UE implementations and that L1-RSRP is supposed to reflect the instantaneous channel status similar to CSI, our view is that the accuracy requirement should be defined based on single-shot measurement. This of course does not preclude UE to use L1 filtering as long as UE can meet the accuracy requirements in both static and dynamic environment. 
Proposal 2: The accuracy requirements for L1-RSRP are defined based on single-shot measurement. 
Proposal 3: The L1 filtering in L1-RSRP measurement is left to UE implementation provided UE can meet the accuracy requirements.

Another issue is whether and when Rx beam sweeping should be assumed in L1-RSRP measurement. In our understanding, L1-RSRP is performed on the SSB or CSI-RS resource set with higher layer configuration of repetition. The repetition could be set to ‘on’ in which case UE is supposed to search for the best Rx beam for a specific Tx beam, or ‘off’ in which case UE is supposed to search for the best Tx beam. It is obvious that for the case of repetition ON, Rx beam sweeping should be assumed. For the case of repetition OFF, our view is that Rx beam sweeping is also needed even the BM RS is configured with a TCI state. This is because the Rx beam information obtained from the source RS of the TCI state (which is usually an SSB) may not be same as that would be obtained via Rx beam sweeping on the BM RS itself. In particular for a periodic resource, UE should be allowed to search for best Rx and Tx beam pair.
Proposal 4: Rx beam sweeping is assumed for L1-RSRP measurement on FR2.
Similar as for RRM measurement and RLM/BFD, the scheduling restriction should be defined for L1-RSRP measurement. As for other measurement activity, we think L1-RSRP measurement should take priority over PDCCH/PDSCH. For FR1, the scheduling restriction should depend on whether BM RS and PDCCH/PDSCH are of the same SCS, and whether UE supports simultaneousRxDataSSB-DiffNumerology. For FR2, since Rx beam sweeping is always assumed, there is always scheduling restriction due to L1-RSRP measurement. 
Proposal 5: Scheduling restriction for L1-RSRP is defined as
· For FR1, the scheduling restriction depends on whether BM RS and PDCCH/PDSCH are of the same SCS, and whether UE supports simultaneousRxDataSSB-DiffNumerology
· For FR2, there is scheduling restriction due to L1-RSRP measurement 

Measurement restriction for L1-RSRP measurement should be also defined. 
· When BM RS collides with SMTC window – according to latest agreement in RLM discussion, collision means BM RS is within SMTC window, L3 measurement should take priority over L1-RSRP measurement, so the measurement period for L1-RSRP will be impacted by the collision with MG and SMTC. This needs to be reflected in the measurement period requirements.

· When there is collision among BM RS, e.g. when SSB and CSI-RS for L1-RSRP measurement are in the same OFDM symbol, RAN4 also needs to define the UE behaviour for measurement, based on incoming RAN1 LS [1]. We are addressing this LS in companion paper [2]. It should be noted that for the FDM-ed SSB and CSI-RS for L1-RSRP measurement, RAN4 already defined the UE behaviour in section 9.5 for FR1. For FR2, UE may not be able to perform L1-RSRP measurement on both of SSB and CSI-RS simultaneously. This is because the set of Rx beams for RLM and the pattern for Rx beam sweeping may be different for SSB based RLM and CSI-RS based RLM. For this case our view is that UE should prioritize SSB based RLM in this symbol. 

Proposal 6: Measurement restriction for L1-RSRP is defined as
· For collision with SMTC window, L1-RSRP measurement is not performed in SMTC window.

· For collision among BM RS, 

· For FR1, measurement restriction is already defined in section 9.5
· For FR2, UE is not expected to perform RLM on CSI-RS on the same symbol as an SSB, if the SSB is also configured for L1-RSRP measurement 
A large number of combinations can be expected when considering the collision cases as listed in [1]. If we look at the current requirements for RLM/BFD, we can find that there are already many cases when we only consider the collision between RLM/BFD-RS, measurement gap and SMTC window. The spec will be extremely complex if handling of all the collisions in [1] are explicitly reflected in the measurement requirements. On the other hand, for the collision cases, what is more important is to have clear UE behaviour defined, while the performance of the measurement in terms of number of samples are not changing due to collisions. Therefore, our suggestion is that the handling of collisions listed in [1] are not explicitly reflected in the measurement requirements.
Proposal 7: Handling of collisions between BM RS and RLM/BFD/CBD/L1-RSRP RS are not explicitly reflected in the measurement requirements.
3. Conclusions

In this paper we provided our views on the remaining issues for L1-RSRP measurement.
Proposal 1: Measurement period for L1-RSRP measurement is defined as the maximum between one BM RS period and one reporting period.
Proposal 2: The accuracy requirements for L1-RSRP are defined based on single-shot measurement. 
Proposal 3: The L1 filtering in L1-RSRP measurement is left to UE implementation provided UE can meet the accuracy requirements.

Proposal 4: Rx beam sweeping is assumed for L1-RSRP measurement on FR2.

Proposal 5: Scheduling restriction for L1-RSRP is defined as
· For FR1, the scheduling restriction depends on whether BM RS and PDCCH/PDSCH are of the same SCS, and whether UE supports simultaneousRxDataSSB-DiffNumerology
· For FR2, there is scheduling restriction due to L1-RSRP measurement 

Proposal 6: Measurement restriction for L1-RSRP is defined as
· For collision with SMTC window, L1-RSRP measurement is not performed in SMTC window.

· For collision among BM RS, 

· For FR1, measurement restriction is already defined in section 9.5
· For FR2, UE is not expected to perform RLM on CSI-RS on the same symbol as an SSB, if the SSB is also configured for L1-RSRP measurement 
Proposal 7: Handling of collisions between BM RS and RLM/BFD/CBD/L1-RSRP RS are not explicitly reflected in the measurement requirements.
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