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1. Introduction

In RAN4#88bis, requirements for L1-RSRP measurement for beam reporting were discussed. The online agreements are captured in [1] and are copied as follows.
	· The measurement requirement for L1-RSRP reporting will be specified.

· follow the same agreement as for CBD for scaling factor value for SSB and CSI-RS based beam reporting.

· The scaling factor P of L1 measurement/evaluation period due to colliding with MG, P factor specified for CBD evaluation period is reused


In addition, the following issues are for information.

	· FFS if L1 averaging for L1-RSRP measurement for beam reporting should be specified. 

· L1-RSRP measurement accuracy requirements are defined based on single-shot measurement and [-3]dB SNR side condition.

· FFS if other accuracy requirements based on averaging are defined

· FFS requirements for L1-RSRP measurement for beam reporting are defined for aperiodic and semi-persistent reporting.  

· For SSB based L1-RSRP measurement, [N=1 does not apply]

· For CSI-RS based L1-RSRP measurement, FFS if N=1 is feasible and the condition

· For SSB based L1-RSRP measurement, the scaling factor P due to colliding with MG and SMTC, is reused from P factor defined for BFD.

· For CSI-RS based L1-RSRP measurement, the scaling factor P due to colliding with MG and SMTC is FFS.

· FFS the number of SSB and CSI-RS resources UE is required to monitor in the serving cell

· FFS if requirements for D=1 with larger BW are defined for CSI-RS based CBD


In this paper we will address the following issues for beam reporting requirements.
· Aperiodic and semi-persistent reporting
· Measurement period, accuracy and side condition
· N=1 condition

· Collision between beam reporting RS and SMTC
· Number of SSB and CSI-RS resources UE is required to monitor
· Reporting period
2. Discussion
2.1. Aperiodic and semi-persistent reporting
In current spec, the requirements for L1-RSRP measurement for beam report are only defined for periodic reporting. In RAN4#88bis, some companies proposed the requirements should be also defined for aperiodic reporting and semi-persistent reporting. 

In our view, the reporting type does not really impact the UE measurement – UE will just report what it has measured over the evaluation period and report as network requests. What matters for the measurement is the resource type. The CSI-RS resource can be periodic (which RAN4 has considered so far), semi-persistent, or aperiodic. 

Semi-persistent resource is very similar to periodic resource except that UE only measures on it after receiving MAC CE activating the resource. The UE measurement behaviour on a semi-persistent resource is same as on a periodic resource, but support of measurement on semi-persistent resource is mandatory with UE capability (Sp-CSI-RS). Therefore, our view is to not define requirement for measurement on semi-persistent resource.

Aperiodic resource only appears based on network scheduling, so UE will do single-shot measurement on it, and the reporting type can only be aperiodic. Measurement on an aperiodic resource is mandatory, so we think RAN4 may consider to define the requirements for aperiodic resource for FR2. 

Proposal 1: RAN4 does not define L1-RSRP measurement requirements for semi-persistent resource. RAN4 may consider to define L1-RSRP measurement requirements for aperiodic resource.
The following discussions are focused on measurement on periodic resources. 
2.2. Measurement period, accuracy and side condition
In RAN4#88bis, most companies proposed that the requirement for L1-RSRP measurement for beam reporting should allow UE to base the report on single-shot measurement, i.e. the measurement accuracy is defined based on single-shot. On the side condition, most companies agreed to define it as -3dB, same as CBD. This is also reasonable in our view.
However, whether and how the L1 averaging should be reflected in the spec is still open. 

· Some companies proposed that some averaging should be allowed up to UE implementation, so the evaluation period is defined as several number of RS periods. 
· Some companies proposed that the averaging is not allowed, at least when network configures the measurement restriction.

In our view, L1 averaging should be up to UE implementation. Unlike L3 measurement, UE will report at the configured reporting instances, no matter if the evaluation period is defined as one RS period or several periods. On the other hand, considering the dynamic propagation environment on FR2, the UE may choose different trade-off between the stability and the timeliness of the reporting. For example, If UE determines the channel condition has changes rapidly, it may choose to use short or no filtering, or give high weight to the late samples in filtering. If UE determines the channel is stable, it can choose to do some averaging to make the measurement more accurate. We therefore think more than one samples should be allowed as the evaluation for L1-RSRP measurement. For example, 3 samples could be considered.
On the network configured measurement restriction, we understand it is only for CSI measurement but not for L1-RSRP. For L1-RSRP, UE should be allowed to do L1 averaging based on implementation. 
	If a UE is not configured with higher layer parameter timeRestrictionForChannelMeasurements, the UE shall derive the channel measurements for computing CSI value reported in uplink slot n based on only the NZP CSI-RS, no later than the CSI reference resource, (defined in TS 38.211[4]) associated with the CSI resource setting. 

If a UE is configured with higher layer parameter timeRestrictionForChannelMeasurements in CSI-ReportConfig, the UE shall derive the channel measurements for computing CSI reported in uplink slot n based on only the most recent, no later than the CSI reference resource, occasion of NZP CSI-RS (defined in [4, TS 38.211]) associated with the CSI resource setting. 


Another factor to be considered with the evaluation period requirement is the Rx beam gain that is associated with the L1-RSRP reporting, i.e. with longer (shorter) evaluation period, UE would have more (less) time to fine-tune its Rx beam so that the Rx beam gain that is used for calculating the L1-RSRP would be larger (lower). This may impact the test method and test parameters when defining the test cases.
Proposal 2: Accuracy requirements for L1-RSRP measurement are defined based on single-shot measurement. Side condition of L1-RSRP measurement is defined as [-3]dB.
Proposal 3: Evaluation period for L1-RSRP measurement for beam reporting is defined as [3]*N periods of the RS, where N=1 or 8 is the Rx beam sweeping factor. RAN4 should consider the Rx beam gain associated with the L1-RSRP reporting when defining the evaluation period requirement.  
2.3. N=1 condition

L1-RSRP is performed on the SSB, or CSI-RS resource set with higher layer configuration of repetition. 
For SSB, as no TCI state can be configured, UE has to sweep the Rx beam to find the suitable one that should be used for reporting the L1-RSRP, so Rx beam sweeping is needed. This was already agreed in RAN4#87 as captured in the Chairman Note.
	· When UE performs SSB based L1-RSRP measurement in FR2, 

· scheduling restriction applies to RS symbols to be monitored


For CSI-RS, the repetition of a resource set could be set to ‘on’ in which case UE is supposed to search for the suitable Rx beam for a specific Tx beam, or ‘off’ in which case UE is supposed to search for the best Tx beam within the set. It is obvious that for the case of repetition ON, Rx beam sweeping should be assumed. This was also agreed in RAN4#87 as captured in the Chairman Note.

	· Scheduling restriction due to Rx beamforming aspect is applied during CSI-RS based L1-RSRP measurement on FR2 serving cell when repetition of CSI-RS resource set is on.


For the case of repetition OFF, there are two cases:

· Case 1: The CSI-RS resource is configured with a TCI state
· Case 2: The CSI-RS resource is not configured with a TCI state

For case 1, UE can get the Rx beam information for measuring the CSI-RS from the RS referred in the TCI state, so Rx beam sweeping is not needed. For case 2, UE has no information which Rx beam to use for measuring this CSI-RS, so same as SSB, Rx beam sweeping is needed.

Proposal 4: For SSB based L1-RSRP measurement for beam reporting, Rx beam sweeping is always assumed.

Proposal 5: For CSI-RS based L1-RSRP measurement for beam reporting, Rx beam sweeping is always assumed except the following conditions are met 

· the CSI-RS resource is configured with a TCI state with QCL-TypeD, and 
· the CSI-RS resource is not in a resource set configured with repetition ON.
2.4. Collision between beam reporting RS and SMTC

For RLM, when the RLM-RS collides with MG, UE will not do RLM. When RLM-RS outside MG collides with SMTC for intra-frequency measurement, for FR1 UE is supposed to perform RLM and RRM measurement at the same time for FR2
· if RLM-RS outside MG is not fully overlapping with SMTC, UE is supposed to do RLM measurement on RLM-RS not overlapping with SMTC

· if RLM-RS outside MG is fully overlapping with SMTC, a sharing factor is defined such that UE does RLM measurement in 1/3 of RLM-RS/SMTC occasions, and does RRM measurement on 2/3 of RLM-RS/SMTC occasions.
We think the same principle should be re-used for L1-RSRP measurement. At least we do not see any reason to change the prioritization rule.

Proposal 6: Same prioritization rule as for RLM is re-used to handle the collision between RS for L1-RSRP and SMTC in FR2.
· if RLM-RS outside MG is not fully overlapping with SMTC, UE is supposed to do RLM measurement on RLM-RS not overlapping with SMTC

· if RLM-RS outside MG is fully overlapping with SMTC, a sharing factor is defined such that UE does RLM measurement in 1/3 of RLM-RS/SMTC occasions, and does RRM measurement on 2/3 of RLM-RS/SMTC occasions.
2.5. Number of SSB and CSI-RS beams
In 38.214, there is a requirement about how many CSI-RS resource sets and resources UE can be configured.
	For L1-RSRP computation

-
the UE may be configured with CSI-RS resources, SS/PBCH Block resources or both CSI-RS and SS/PBCH block resources, when resource-wise quasi co-located with 'QCL-Type C' and 'QCL-TypeD' when applicable.
-
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.


UE can be configured with certain number of resource sets or resources, but it does not mean UE shall be able to measure all configured resource sets or resources. In fact, corresponding UE capability 2-24 has been agreed in RAN1 [2].
	1. The max number of SSB/CSI-RS (1Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP within a slot shall not exceed MB_1 
1a. The max number of CSI-RS resources (sum of aperiodic/periodic/semi-persistent) across all CCs configured to measure L1-RSRP shall not exceed MC_1 
2. The max number of CSI-RS (2Tx) resources (sum of aperiodic/periodic/semi-persistent) across all CCs to measure L1-RSRP within a slot shall not exceed MB_2 
3. Supported density of CSI-RS 
4. The max number of aperiodic CSI-RS resources across all CCs configured to measure L1-RSRP shall not exceed MD_1


In our view, UE shall be able to measure all resources as long as the configured number of resources does not exceed the indicated capability, so there is no need for RAN4 to define requirement on number of resources.
Proposal 7: RAN4 does not need to define requirement on number of resources UE should be able to measure for L1-RSRP reporting.
2.6. Reporting period 
Currently in 38.331 the reporting periodicity for L1-RSRP is defined in number of slots, and can range from 4 slots to 320 slots. In Table 1 we list the resulted reporting periodicity in millisecond for different SCS.
CSI-ReportPeriodicityAndOffset ::=
CHOICE {
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INTEGER(0..3),
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INTEGER(0..319)

}

Table 1: Min and Max reporting period for L1-RSRP with different SCS

	SCS (kHz)
	Min reporting period (ms)
	Max reporting period (ms)

	15
	4
	320

	30
	2
	160

	60
	1
	80

	120
	0.5
	40


It can be seen that the maximum reporting period is somehow small for FR2, when Rx beam sweeping is needed. Take SSB as example, with typical SSB period of 20ms, the evaluation period will be [3]*[8]*20 = 480ms. This means UE may report some historical measurement result for 11 out of 12 reporting instances, which can lead to considerable resource and power waste. We understand when the range of this reporting periodicity was designed by RAN1, Rx beam sweeping was not taken into account, so the maximum reporting period needs to be extended. As a starting point we think the maximum period should be 640ms for all SCS, taking into account that some of the SSB may be used for SMTC. We are open to further discuss the exact values.
Proposal 8: Send LS to RAN1/RAN2 to extend the maximum reporting period to [640]ms.
3. Conclusions

In this paper we provided our views on some of the remaining issues for L1-RSRP measurement.
Proposal 1: RAN4 does not define L1-RSRP measurement requirements for semi-persistent resource. RAN4 may consider to define L1-RSRP measurement requirements for aperiodic resource.
Proposal 2: Accuracy requirements for L1-RSRP measurement are defined based on single-shot measurement. Side condition of L1-RSRP measurement is defined as [-3]dB.
Proposal 3: Evaluation period for L1-RSRP measurement for beam reporting is defined as [3]*N periods of the RS, where N=1 or 8 is the Rx beam sweeping factor. RAN4 should consider the Rx beam gain associated with the L1-RSRP reporting when defining the evaluation period requirement.  
Proposal 4: For SSB based L1-RSRP measurement for beam reporting, Rx beam sweeping is always assumed.

Proposal 5: For CSI-RS based L1-RSRP measurement for beam reporting, Rx beam sweeping is always assumed except the following conditions are met 

· the CSI-RS resource is configured with a TCI state with QCL-TypeD, and 

· the CSI-RS resource is not in a resource set configured with repetition ON.
Proposal 6: Same prioritization rule as for RLM is re-used to handle the collision between RS for L1-RSRP and SMTC in FR2.
· if RLM-RS outside MG is not fully overlapping with SMTC, UE is supposed to do RLM measurement on RLM-RS not overlapping with SMTC

· if RLM-RS outside MG is fully overlapping with SMTC, a sharing factor is defined such that UE does RLM measurement in 1/3 of RLM-RS/SMTC occasions, and does RRM measurement on 2/3 of RLM-RS/SMTC occasions.
Proposal 7: RAN4 does not need to define requirement on number of resources UE should be able to measure for L1-RSRP reporting.
Proposal 8: Send LS to RAN1/RAN2 to extend the maximum reporting period to [640]ms.
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