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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 RSRP accuracy for NR is investigated. The corresponding simulation results are provided as well. This paper is a re-submission of R4-1707875 with more simulation results updated. 
2	RSRP simulation assumptions 
The simulation assumptions are given in Table 1:
	Parameters
	Value

	Carrier frequency
	4 GHz

	System bandwidth
	20 MHz

	Subcarrier spacing
	15 kHz

	SS burst periodicity
	5ms

	Number of SS blocks per SS burst set, K
	1

	L1 sampling interval
	40ms

	Measurement period
	200ms

	L3 filtering
	Disabled

	SNR
	-6dB

	CP length
	Normal

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


Table 1: RSRP simulation assumptions.
3	RSRP simulation results
In this section, we compare the following 2 measurement methods:
· RSRP based on NR-SSS
· RSRP based on NR-SSS and PBCH DMRS

[bookmark: _GoBack]Here, the delta RSRP statics based on different sample number (N) are provided, with any 2 samples separated by at least 40ms (L1 sampling interval) within 200ms measurement period. The CDF curves of 2 measurement methods are compared in Figure 1(a) to Figure 7(a). Besides, the NR-SSS RSRP method’s CDF curves corresponding to different number of samples N are also shown in Figure 1(b) to Figure7(b). According to the simulation results, we can see that the measurement accuracy has no significant improvement when N≥3.  
Observation 1: The measurement accuracy has no significant improvement when sample number N≥3.
According to the observation 1, we think that number of samples N should be at least no smaller than 3 in order to guaranteed acceptable RSRP measurement accuracy.      
Proposal 1: Sample number should be at least no smaller than 3 for RSRP measurement.
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(a)                                                  (b)
Figure 1. Delta RSRP results in AWGN (a) comparision between SSS and SSS+PBCH DMRS in N = 1, 3, 5, (b) comparison among N = 1 , 2, …, 5 with SSS only
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Figure 2. Delta RSRP results in EPA5 (a) comparision between SSS and SSS+PBCH DMRS in N = 1, 3, 5, (b) comparison among N = 1 , 2, …, 5 with SSS only
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Figure 3. Delta RSRP results in ETU30 (a) comparision between SSS and SSS+PBCH DMRS in N = 1, 3, 5, (b) comparison among N = 1 , 2, …, 5 with SSS only
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Figure 4. Delta RSRP results in ETU70 (a) comparision between SSS and SSS+PBCH DMRS in N = 1, 3, 5, (b) comparison among N = 1 , 2, …, 5 with SSS only
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Figure 5. Delta RSRP results in TDL-A (a) comparision between SSS and SSS+PBCH DMRS in N = 1, 3, 5, (b) comparison among N = 1 , 2, …, 5 with SSS only
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Figure 6. Delta RSRP results in TDL-B (a) comparision between SSS and SSS+PBCH DMRS in N = 1, 3, 5, (b) comparison among N = 1 , 2, …, 5 with SSS only
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Figure 7. Delta RSRP results in TDL-C (a) comparision between SSS and SSS+PBCH DMRS in N = 1, 3, 5, (b) comparison among N = 1 , 2, …, 5 with SSS only

Table 2 provides the delta RSRP statics based on different sample number N and different channel types. According to the simulation results, we have following observations:
1. In AWGN channel, when N ≥ 3 the delta RSRP of both measurement methods are in the -2dB to +2dB range,
2. In fading channels ETU and TDL, the RSRP absolute accuracy of NR-SSS RSRP method with N=3 is around 2dB.
3. Comparing two measurement methods, the difference in RSRP absolute accuracy with N=3 is approximately range from 1.212dB to 0.23dB. 
	SNR = -6dB
	CDF of delta RSRP (dB)
	Absolute
accuracy

	Channel Type
	N
	5%
	50%
	95%
	
SSS
	
SSS 
&
PBCH DMRS

	
	
	SSS
	SSS 
&
PBCH DMRS
	SSS
	SSS 
&
PBCH DMRS
	SSS
	SSS 
&
PBCH DMRS
	
	

	AWGN
	1
	-1.283
	-0.953
	0.788
	0.659
	2.354
	2.109
	2.114
	1.829

	
	2
	-0.840
	-0.601
	0.600
	0.512
	1.772
	1.548
	1.564
	1.331

	
	3
	-0.625
	-0.457
	0.504
	0.441
	1.494
	1.296
	1.303
	1.113

	
	4
	-0.513
	-0.364
	0.446
	0.390
	1.322
	1.150
	1.156
	0.986

	
	5
	-0.456
	-0.316
	0.406
	0.362
	1.210
	1.051
	1.042
	0.901

	EPA5
	1
	-2.210
	-1.796
	0.197
	0.112
	2.132
	1.840
	2.157
	1.823

	
	2
	-1.652
	-1.305
	0.105
	0.069
	1.607
	1.330
	1.626
	1.320

	
	3
	-1.413
	-1.085
	0.061
	0.044
	1.380
	1.099
	1.396
	1.091

	
	4
	-1.255
	-0.972
	0.049
	0.036
	1.253
	0.978
	1.254
	0.973

	
	5
	-1.158
	-0.857
	0.032
	0.032
	1.145
	0.876
	1.155
	0.864

	ETU30
	1
	-3.000
	-1.8605
	0.366
	0.008
	2.635
	1.696
	2.776
	1.749

	
	2
	-2.675
	-1.3633
	0.290
	-0.023
	2.290
	1.210
	2.439
	1.300

	
	3
	-2.467
	-1.148
	0.251
	-0.038
	2.156
	1.007
	2.289
	1.077

	
	4
	-2.406
	-1.019
	0.248
	-0.051
	2.070
	0.860
	2.189
	0.955

	
	5
	-2.332
	-0.905
	0.231
	-0.052
	2.001
	0.773
	2.114
	0.854

	ETU70
	1
	-3.165
	-1.850
	0.338
	0.002
	2.595
	1.671
	2.893
	1.765

	
	2
	-2.614
	-1.386
	0.281
	-0.020
	2.236
	1.217
	2.361
	1.305

	
	3
	-2.348
	-1.177
	0.249
	-0.043
	2.066
	0.997
	2.162
	1.099

	
	4
	-2.126
	-1.029
	0.240
	-0.045
	1.956
	0.848
	2.034
	0.961

	
	5
	-1.953
	-0.919
	0.244
	-0.049
	1.858
	0.798
	1.904
	0.862

	TDL-A
(5Hz)  
	1
	-3.319
	-1.517
	0.342
	0.244
	2.693
	2.248
	2.923
	1.914

	
	2
	 -2.715
	-0.995
	0.306
	0.214
	2.312
	1.842
	2.468
	1.463

	
	3
	-2.537
	-0.788
	0.267
	0.200
	2.130
	1.666
	2.295
	1.277

	
	4
	-2.402
	-0.656
	0.267
	0.200
	2.030
	1.534
	2.197
	1.150

	
	5
	-2.291
	-0.569
	0.252
	0.190
	1.933
	1.467
	2.097
	1.064

	TDL-B
(5Hz)  
	1
	-3.199
	-1.577
	0.280
	0.240
	2.278
	2.094
	2.661
	1.841

	
	2
	-2.813
	-1.052
	0.216
	0.205
	1.924
	1.595
	2.325
	1.362

	
	3
	-2.625
	-0.811
	0.195
	0.212
	1.795
	1.445
	2.149
	1.157

	
	4
	-2.553
	-0.683
	0.189
	0.206
	1.655
	1.327
	2.042
	1.043

	
	5
	-2.482
	-0.632
	0.189
	0.201
	1.570
	1.250
	1.976
	0.961

	TDL-C
(5Hz) 
	1
	-2.833
	-1.591
	0.336
	0.234
	2.473
	2.262
	2.631
	1.958

	
	2
	-2.143
	-1.031
	0.303
	0.201
	1.940
	1.861
	2.020
	1.484

	
	3
	-1.924
	-0.817
	0.297
	0.209
	1.741
	1.699
	1.833
	1.308

	
	4
	-1.749
	-0.678
	0.293
	0.206
	1.626
	1.561
	1.676
	1.175

	
	5
	-1.661
	-0.602
	0.281
	0.203
	1.558
	1.523
	1.589
	1.092


Table 2: delta RSRP based on 1 to 5 samples.
From above observations 1 and 2, we can conclude that the performance of NR-SSS RSRP method is good enough. 
Observation 2: When sample number is larger than 3, the measurement accuracy of NR-SSS RSRP method is good enough.
Besides, from above observation 3, we can see that incremental gain obtained from adding the PBCH DMRS into RSRP calculation varies with channel type. Sometimes the gain is obvious, sometimes it is not. In our opinion, UE should not be required to use PBCH DMRS for all scenarios. Therefore, we think that SSS is sufficient enough for the RSRP measurement, whether the PBCH DMRS should be added is left for UE to decide.      
Proposal 2: RSRP measurement requirement is specified based on SSS only. Whether the PBCH DMRS should be used is UE implemenation. 

4	Measurement Period and Sample Number 
In this section, we discuss the possible options for measurement period and sample number.
Consider that we may observe correlated 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. 
As we know, NR system may apply different SS burst set periodicity, which implies measurement periods should be SS burst set periodicity dependent. For example, when SS burst set periodicity equals to 160ms, roughly only one sample can be observed within 200ms. The measurement periods should be extended to obtain more samples. Therefore, we suggest to categorize different periodicities into three groups. Below we list two options for future evaluations:
	
	Option 1
	Option2

	SS burst set periodicity (ms)
	Sample number
 N
	L1 measurement period (ms)
	Sample number
 N
	L1 measurement period (ms) (close to 200ms)

	5, 10, 20, 40
	N (e.g. N = 5)
	40 N (e.g. 200)
	5
	200

	80
	N (e.g. N = 5)
	 80 N (e.g. 400)
	3
	240

	160
	N (e.g. N = 5)
	160 N (e.g. 800)
	3
	480


Table 3: measurement period in different SS burst set periodicity.

The measurement period is mainly decided by the sample number N in option 1, whereas it is set as close as possible to 200ms in option 2, with no less than 3 samples assumed. Please note that some modification for extending to inter-frequency cases should be further discussed. Consider that the reporting delay might be further scaled by the number of frequency layer to be monitored, we slightly prefer option 2 to avoid too long reporting delay. 
Proposal 3: RAN4 to dsicuss the measurement period and sample number used in one L1 output.
5	Summary 
In this contribution, the simulation results for NR measurement accuracy are presented. It is observed that
Observation 1: The measurement accuracy has no significant improvement when sample number N≥3.
Observation 2: When sample number is larger than 3, the measurement accuracy of NR-SSS RSRP method is good enough.
And we propose
Proposal 1: Sample number should be at least no smaller than 3 for RSRP measurement.
Proposal 2: RSRP measurement requirement is specified based on SSS only. Whether the PBCH DMRS should be used is UE implemenation. 
Proposal 3: RAN4 to dsicuss the measurement period and sample number used in one L1 output.
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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