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1 [bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]Introduction
[bookmark: _Ref516345544]In this the paper, system-level simulation result for L1-RSRP measurement accuracy is provided. Besides, the measurement period, accuracy, and scheduling availability for L1-RSRP computation for reporting is discussed. 
2 System-level simulation results for L1-RSRP measurement accuracy
One open issue for L1-RSRP computation for reporting is whether to specify the measurement accuracy based on multiple samples for L1-filtering, in order to improve the measurement accuracy. Companies would observe that TX beam selection based on L1-RSRP is sub-optimal, since the measurement inaccuracy could be +/- 4.5dB and UE unlikely can always select the best TX beam due to the inaccuracy. 
However, the system impact on the sub-optimal TX beam selection is unclear. To investigate the system impact of L1-RSRP measurement inaccuracy, a system level simulation has been conducted. The simulation assumption is reference to [1] and more detailed assumptions are provided in Appendix. The inaccuracy is modelled as an random variable with uniform distribution, i.e. X~ U(-K, K). For instance, RSRP_detected_dB = RSRP_ideal_dB + X_dB, X_dB ~ U(-4.5, 4.5) dB.
The average spectrum efficient of +/- 4.5dB, +/- 3.5dB, +/- 0 dB (ideal case) is shown in Table 1 and Table2.    It can observe that when the measurement accuracy is improved, the average SE will also be improved. However, the limited improvement on average SE is observed. Comparing the case of inaccuracy of 3.5 dB and 4.5 dB, the SE improvement is 2.99% in FR1 and 2.38% in FR2, respectively.  
In addition, it also observed TX beam selection based on L1-filtering with multiple samples would result in slower beam updating and average SE degradation, comparing the average SE of single sample measurement, especially in FR2.
[bookmark: _Ref525852764]Observation 1: Improvement on average SE (improvement <3%) is limited when L1-RSRP measurement accuracy is improved by 1 dB.
[bookmark: _Ref525852770]Observation 2: In FR2, average SE would be degraded due to slowly beam updating.
[bookmark: _Ref525892028]Observation 3: More investigation is needed for L1-filtering with multiple samples for L1-RSRP computation for reporting.
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Table 1: Cell average spectrum efficiency at L1-RSRP measurement inaccuracy of 0 dB, 3.5dB, and 4.5dB  
(Dense Urban, SCS=15 kHz, 4GHz).
	Cases (DU 4GHz) 
	1 Sample 
	2 Sample 

	
	inaccuracy
	(bps/Hz) 
	% 
	(bps/Hz)
	% 

	Cell average SE 
	4.5dB 
	6.478
	REF
	6.594
	1.79%

	
	3.5dB 
	6.672
	2.99%
	6.558
	1.23%

	
	0 dB 
	6.931
	6.99%
	6.820
	5.28%



Table 2: Cell average spectrum efficiency at L1-RSRP measurement inaccuracy of 0 dB, 3.5dB, and 4.5dB  
(Dense Urban, SCS=15 kHz, 30GHz).
	Cases (DU 30GHz) 
	1 Sample 
	2 Sample 

	
	inaccuracy
	(bps/Hz) 
	% 
	(bps/Hz)
	% 

	Cell average SE 
	4.5dB 
	4.502
	REF
	4.321
	-4.02%

	
	3.5dB 
	4.609
	2.38%
	4.387
	-2.55%

	
	0 dB 
	4.671
	3.75%
	4.591
	1.98%




Besides, L1-RSRP computation for reporting could be based on aperiodic CSI-RS, which could be one shot-measurement. Therefore, to prevent potential latency for beam updating and to consider the most stringent case, the measurement accuracy of L1-RSRP computation for reporting can be specified based on one shot-measurement.
[bookmark: _Ref525852776]Proposal 1: The measurement accuracy of L1-RSRP computation for reporting can be specified based on one shot-measurement. 

3 Measurement period and accuracy for L1-RSRP computation for reporting
As similar discussion in [2], since UE would apply different precoder for serving cell (RLM/BFD/L1-RSRP) than neighboring cell (RRLM), the RS samples for L1-RSRP should be outside SMTC and MG, and N factor should be [8] for UE RX beam training if the measurement period is specified. 
[bookmark: _Ref525852781]Proposal 2: RS samples used for L1-RSRP computation for reporting should be outside SMTC measurement window and MG in FR2.
However, if the measurement accuracy of L1-RSRP computation for reporting is based on one-shot measurement,   it is not necessary to specify the measurement period, if the sufficient RS samples for L1-RSRP computation for reporting should be ensured. It should ensure the sufficient RS samples outside SMTC measurement window and MG for UE RX beam training during test cases for L1-RSRP.
[bookmark: _Ref525852784]Proposal 3: For L1-RSRP computation for reporting, it will not specify measurement period in the core part. The sufficient RS samples outside SMTC and MG for UE RX beam training can be handled during test cases.
4 Scheduling availability for L1-RSRP computation for reporting in FR2
As similar discussion in [2] from UE RX beam training perspective, scheduling restriction should be applied for SSB based L1-RSRP in FR2. For CSI-RS based L1-RSRP in FR2, the scheduling restriction can be conditionally applied.
[bookmark: _Ref525852793]Proposal 4: Same scheduling restriction for both L1-RSRP for candidate beam detection and for L1-RSRP computation for reporting.
[bookmark: _Ref525852798]Proposal 5: The following scheduling restriction for L1-RSRP computation for reporting in FR2 is applied: 
The following scheduling restriction applies due to L1-RSRP computation for reporting on an FR2 PCell and/or PSCell.
- There are no scheduling restrictions due to L1-RSRP computation for reporting based on CSI-RS, if the CSI-RS configured with repetition-OFF and the TCI is given and QCL-D to SSB or CSI-RS with repetition-ON (i.e. N=1 applies). Otherwise, the UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on CSI-RS symbols to be measured for L1-RSRP computation for reporting, except for RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to be received by RRC_CONNECTED mode UE. 
[bookmark: _Ref516345492]- The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured for L1-RSRP computation for reporting, except for RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to be received by RRC_CONNECTED mode UE. 
5 Conclusion
In the contribution, we discuss the requirement for L1-RSRP computation for reporting. We have the following observations and proposals:
Observation 1: Improvement on average SE (improvement <3%) is limited when L1-RSRP measurement accuracy is improved by 1 dB.
Observation 2: In FR2, average SE would be degraded due to slowly beam updating.
Observation 3: More investigation is needed for L1-filtering with multiple samples for L1-RSRP computation for reporting.
Proposal 1: The measurement accuracy of L1-RSRP computation for reporting can be specified based on one shot-measurement.
Proposal 2: RS samples used for L1-RSRP computation for reporting should be outside SMTC measurement window and MG in FR2.
Proposal 3: For L1-RSRP computation for reporting, it will not specify measurement period in the core part. The sufficient RS samples outside SMTC and MG for UE RX beam training can be handled during test cases.
Proposal 4: Same scheduling restriction for both L1-RSRP for candidate beam detection and for L1-RSRP computation for reporting.
Proposal 5: The following scheduling restriction for L1-RSRP computation for reporting in FR2 is applied:
The following scheduling restriction applies due to L1-RSRP computation for reporting on an FR2 PCell and/or PSCell.
- There are no scheduling restrictions due to L1-RSRP computation for reporting based on CSI-RS, if the CSI-RS configured with repetition-OFF and the TCI is given and QCL-D to SSB or CSI-RS with repetition-ON (i.e. N=1 applies). Otherwise, the UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on CSI-RS symbols to be measured for L1-RSRP computation for reporting, except for RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to be received by RRC_CONNECTED mode UE. 
- The UE is not expected to transmit PUCCH/PUSCH or receive PDCCH/PDSCH on SSB symbols to be measured for L1-RSRP computation for reporting, except for RMSI PDCCH/PDSCH and PDCCH/PDSCH which is not required to be received by RRC_CONNECTED mode UE. 

6 Reference
[1] R4-1811426, “Simulation assumption for evaluation of L1-RSRP measurement accuracy”, Huawei. 
[2] R4-1812517, “Discussion on requirements for L1-RSRP for candidate beam detection ”, MediaTek.


Appendix: Simulation Assumptions for system level simulation of L1-RSRP measurement accuracy
The simulation assumptions for the conducted system level simulation is provided for reference. The detailed simulation Assumptions are based on TR37.910 [x]. 

Table 3: System level simulation assumptions (SCS=15 kHz, 4GHz and 30 GHz)
	Dense Urban - eMBB 
	Config. A 
	Config. B 

	Carrier frequency for evaluation 
	1 layer (Macro) with 4 GHz 
	1 layer (Macro) with 30 GHz 

	BS antenna height 
	25 m 
	25 m 

	Total transmit power per TRxP 
	41 dBm for 10 MHz bandwidth 
	37 dBm for 40 MHz bandwidth 

	UE power class 
	23 dBm 
	23 dBm 

	Percentage of high loss and low loss building type 
	20% high loss, 80% low loss (applies to Channel model B) 
	20% high loss, 80% low loss 

	Inter-site distance 
	200 m 
	200 m 

	Number of antenna elements per TRxP (32 BS beam case) 
	(M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1;2,2), (dH,dV) = (0.5, 0.8)λ. +45°, -45° polarization 
	(M,N,P,Mg,Ng; Mp,Np) = (8,16,2,1,1;2,2), (dH,dV) = (0.5, 0.8)λ. +45°, -45° polarization 

	Number of TXRU per TRxP  (32 BS beam case) 
	8TXRU, 4*8 (vertical Tx elements number, horizontal Tx elements number) 
	8TXRU, 4*8 (vertical Tx elements number, horizontal Tx elements number) 

	Number of UE antenna elements (8 MS beam case) 
	(M,N,P,Mg,Ng; Mp,Np) = (2,4,2,1,1;1,1), (dH,dV) = (0.5, N/A)λ
0°,90° polarization 
	(M,N,P,Mg,Ng; Mp,Np) = (2,4,2,1,1;1,1), (dH,dV) = (0.5, 0.5)λ
(dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180;
0°,90° polarization 

	Number of TXRU per UE (8 MS beam case) 
	2TXRU, 2*4 (vertical Tx elements number, horizontal Tx elements number) 
	4TXRU, 2*4 (vertical Tx elements number, horizontal Tx elements number) 

	Device deployment 
	80% indoor, 20% outdoor (in car)
Randomly and uniformly distributed over the area under Macro layer 
	80% indoor, 20% outdoor (in car)
Randomly and uniformly distributed over the area under Macro layer 

	UE speeds of interest 
	Indoor users: 3km/h
Outdoor users (in-car): 30 km/h 
	Indoor users: 3km/h
Outdoor users (in-car): 30 km/h 

	BS noise figure 
	5 dB 
	7 dB 

	UE noise figure 
	7 dB 
	10 dB 

	BS antenna element gain 
	8 dBi 
	8 dBi 

	UE antenna element gain 
	0 dBi 
	5 dBi 

	UE antenna element pattern 
	Omni-directional, one panel 
	Directional, two panel 

	Thermal noise level 
	-174 dBm/Hz 
	-174 dBm/Hz 

	Traffic model 
	Full buffer 
	Full buffer 

	Simulation bandwidth 
	10 MHz 
	40 MHz 

	UE density 
	10 UEs per TRxP 
	10 UEs per TRxP 

	UE antenna height 
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; 
nfl ~ uniform(1,Nfl) where Nfl ~ uniform(4,8) 
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; 
nfl ~ uniform(1,Nfl) where Nfl ~ uniform(4,8) 

	Mechanic tilt 
	90° in GCS (pointing to horizontal direction) 
	90° in GCS (pointing to horizontal direction) 

	Electronic tilt 
	(According to Zenith angle in "Beam set at TRxP") 
	(According to Zenith angle in "Beam set at TRxP") 

	Minimum distance of TRxP and UE 
	d2D_min=10m 
	d2D_min=10m 

	Polarized antenna model 
	Model-2 in TR36.873 
	Model-2 in TR36.873 



