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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In [1], it was agreed to conduct link-level simulation studies for measurements. Besides, the simulation assumptions for SS block measurements were agreed [2]. In this contribution, the multi-cell RSRP accuracy for both FR1 and FR2 are provided. The required sample number and measurement period are also discussed.
2	RSRP simulation assumptions 
The simulation assumptions are given in Table 1:
	Parameters
	Cell 1
	Cell 2

	Carrier frequency
	4 GHz /30 GHz
	4 GHz /30 GHz

	System bandwidth
	20 MHz
	20 MHz

	Subcarrier spacing
	15kHz/30kHz/120kHz/240kHz
	15kHz/30kHz/120kHz/240kHz

	SS burst periodicity
	5ms
	5ms

	Number of SS blocks per SS burst set, K
	1
	1

	L3 filtering
	Disabled
	N/A

	SNR
	1dB
	6dB

	CP length
	Normal
	Normal

	Channel type
	Static EPA 5Hz, ETU 30Hz, ETU 70Hz, TDL-A 87Hz, TDL-B 87Hz, TDL-C 87Hz. 
	Static EPA 5Hz, ETU 30Hz, ETU 70Hz, TDL-A 87Hz, TDL-B 87Hz, TDL-C 87Hz.


Table 1: RSRP simulation assumptions.
3	RSRP simulation results
In this section, we compare the measurement accuracy of NR-SSS based RSRP on different sub-carrier spacing (SCS), sample number (N) and channel type, with detail setting parameters shown in Table 1. Here, Table 2 and Table 3 summarizes the absolute accuracies and values of 5%, 50%,95% points on the CDF curves of Delta RSRP in FR1 and FR2, respectively. The CDF curves of SCS 15kHz, SCS 30kHz, SCS 120kHz, and SCS 240kHz are compared in Figure 1 to Figure 4. 

Table 2. NR-SSS based RSRP measurement accuracy in FR1 
	Channel
	N
	Distribution of delta RSRP [dB]

	
	
	SCS = 15 kHz
	SCS = 30 kHz

	
	
	5%
	50%
	95%
	Absolute
accuracy
	5%
	50%
	95%
	Absolute
accuracy

	AWGN
	1
	-0.6588
	0.4840
	1.4990
	1.2984
	-0.6588
	0.4840
	1.4990
	1.2984

	
	3
	-0.4475
	0.3545
	1.0230
	0.9163
	-0.4475
	0.3545
	1.0230
	0.9163

	
	5
	-0.3995
	0.2997
	0.8949
	0.7714
	-0.3995
	0.2997
	0.8949
	0.7714

	EPA5
	1
	-1.5605
	0.0223
	1.6321
	1.6195
	-1.5105
	0.0173
	1.2965
	1.3955

	
	3
	-1.0027
	0.0159
	1.1447
	1.0558
	-0.9542
	0.0001
	0.8257
	0.8956

	
	5
	-0.8152
	-0.0028
	0.9577
	0.8847
	-0.7934
	-0.0110
	0.6836
	0.7327

	ETU30
	1
	-1.4903
	-0.0389
	1.1745
	1.3550
	N/A
	N/A
	N/A
	N/A

	
	3
	-1.0113
	-0.0954
	0.7692
	0.8726
	N/A
	N/A
	N/A
	N/A

	
	5
	-0.8687
	-0.0781
	0.6274
	0.7820
	N/A
	N/A
	N/A
	N/A

	ETU70
	1
	-1.5649
	-0.0596
	1.1420
	1.3915
	N/A
	N/A
	N/A
	N/A

	
	3
	-1.0935
	-0.0584
	0.7311
	0.9398
	N/A
	N/A
	N/A
	N/A

	
	5
	-0.9187
	-0.0662
	0.6047
	0.7912
	N/A
	N/A
	N/A
	N/A
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 Figure 1(a)                                  Figure 1(b)                                         
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Figure 1(c)                                  Figure 1(d)                                         
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Figure 2(a)                                  Figure 2(b)                                         

Table 3. NR-SSS based RSRP measurement accuracy in FR2 
	Channel
	N
	Distribution of delta RSRP [dB]

	
	
	SCS = 120 kHz
	SCS = 240 kHz

	
	
	5%
	50%
	95%
	Absolute
accuracy
	5%
	50%
	95%
	Absolute
accuracy

	AWGN
	1
	-0.6588
	0.4840
	1.4990
	1.2984
	-0.6588
	0.4840
	1.4990
	1.2984

	
	3
	-0.4475
	0.3545
	1.0230
	0.9163
	-0.4475
	0.3545
	1.0230
	0.9163

	
	5
	-0.3995
	0.2997
	0.8949
	0.7714
	-0.3995
	0.2997
	0.8949
	0.7714

	TDL-A
87
	1
	-1.6492
	-0.1513
	1.2141
	1.4401
	-1.8643
	-0.3072
	0.9888
	1.5146

	
	3
	-1.1914
	-0.1981
	0.7030
	0.9951
	-1.4213
	-0.3211
	0.5099
	1.1621

	
	5
	-1.0756
	-0.2035
	0.5682
	0.8678
	-1.3311
	-0.3438
	0.4087
	1.0954

	TDL-B
87
	1
	-1.5541
	0.0062
	1.2143
	1.3682
	-1.6907
	-0.2461
	0.9608
	1.3591

	
	3
	-1.0685
	-0.0289
	0.7944
	0.9086
	-1.1453
	-0.2848
	0.5053
	0.9580

	
	5
	-0.8998
	-0.0322
	0.6784
	0.7725
	-1.0512
	-0.3085
	0.3678
	0.8718

	TDL-C
87
	1
	-1.5590
	-0.0212
	1.1915
	1.3774
	-1.8057
	-0.2335
	1.1148
	1.5086

	
	3
	-1.1054
	-0.0469
	0.7320
	0.8810
	-1.3294
	-0.2934
	0.6417
	1.1242

	
	5
	-0.9942
	-0.0445
	0.6074
	0.8075
	-1.2105
	-0.3115
	0.5265
	0.9930
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Figure 3(a)                                  Figure 3(b)                                         
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Figure 3(c)                                  Figure 3(d)                                         
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Figure 4(a)                                  Figure 4(b)                                         
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Figure 4(c)                                  Figure 4(d)                                         
In Table 2, considering that in SCS 30kHz, the delay profile length of ETU channel exceeds the normal CP length 2.34μs, so results in ETU channel are omitted. According to the summarized results in Table 2 and Table 3, we have following observation: in SCS = 240 kHz, channel type TDL-A, the absolute accuracy of 5 samples is 1.0954. Therefore, 5 samples are required to achieve absolute accuracy around 1dB 
Observation 1: In some cases, 5 samples are required to achieve absolute accuracy around 1dB.

4	Discussion on Required Sample Number 
In this section, the required sample numbers for intra-frequency and inter-frequency measurement are discussed. Our simulation results only model the base band system, but do not consider the effect of DFE chain, and the inter carrier interference due to the new PBCH format (working assumption in last RAN1 meeting) shown in Figure 5 are not considered. 


Figure 5 PCBH format


In order to leave enough margin, we suggest that sample number for intra-frequency measurement without gap should be 5. 
Proposal 1: RSRP intra-frequency measurement without gap requirement is specified based on 5 samples.
In slow fading channel, e.g. Doppler frequency 5Hz, to guarantee independent samples for L3 input (i.e. L1 output), we need at least 1/5 =0.5s = 200ms separation between two consecutive samples. That indicates the minimum requirement of measurement period is 200ms (i.e., TSSB_measurement_period = 200ms). Suppose that the sample number is 5, which also provides the lower-bound of sampling interval for UE is 200/5 = 40ms. Considering that the SS block measurement times is now also dependent SMTC periodicity, without the DRX cycle, the requirement should be specified based on max{SMTC periodicity, 40ms}        
Proposal 2: RSRP intra-frequency measurement without gap requirement is specified based on max{SMTC periodicity, 40ms}
The measurement period of intra-frequency measurement without gap in both non-DRX and DRX cases are listed in Table4. 

Table 4. Measurement period of intra-frequency measurement without gap 
	DRX cycle
	T SSB_measurement_period  

	No DRX, or DRX cycle < SMTC periodicity
	
[5] x Note 1

	DRX1 < DRX cycle≤ DRX2
	[5] x DRX period

	…
	…

	…
	…

	Note 1 : If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



Similarly, considering that the SS block measurement times in intra-frequency with gap is now also dependent MGRP periodicity. Without the DRX cycle, the requirement should be specified based on max{SMTC period, MGRP, 40ms}        
Proposal 3: RSRP intra-frequency measurement with gap requirement is specified based on max{SMTC periodicity, MGRP, 40ms}.



Table 5. Measurement period of intra-frequency measurement without gap 
	DRX cycle
	T SSB_measurement_period  

	[bookmark: _GoBack]No DRX, or DRX cycle < MGRP, SMTC periodicity
	
[5] x 

	DRX1 < DRX cycle≤ DRX2
	 [5] x DRX period

	…
	…

	…
	…



In order to leave enough margin for AGC gain compensation, we suggest that sample number for inter-frequency measurement should be 6. 
Proposal 4: RSRP inter-frequency measurement requirement is specified based on 6 samples.
5	Summary 
In this contribution, the simulation results for NR measurement accuracy are presented. It is observed that
Observation 1: In some cases, 5 samples are required to achieve absolute accuracy around 1dB.

And we propose
Proposal 1: RSRP intra-frequency measurement without gap requirement is specified based on 5 samples.
Proposal 2: RSRP intra-frequency measurement without gap requirement is specified based max{SMTC periodicity, 40ms}.
Proposal 3: RSRP intra-frequency measurement with gap requirement is specified based on max{SMTC periodicity, MGRP, 40ms}
Proposal 4: RSRP inter-frequency measurement requirement is specified based on 6 samples.
4	Reference 
[1] R4-1704806, NR RRM way forward, Ericsson, May 2017.
[2] R4-1706904, Link-level simulation assumptions for SS block measurements, Ericsson, June 2017.
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