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1. Introduction

At the RAN4#NR-AH2 meeting, RRM requirements for non-standalone (NSA) NR system were discussed, and evaluation assumptions for system level and link level simulations to discuss/derive RRM requirements were agreed [1]. 
In this contribution, we show our initial evaluation results regarding SS block measurement based on the agreed link level simulation assumptions. Based on the evaluation results, we present our views on the requirements for SS block based RSRP measurement.
2. Evaluation assumptions
Table I and II show the simulation assumptions for SS block measurements. Based on agreed simulation assumption in [2], we add and select some specific parameters for initial evaluation as highlighted by red. The RSRP estimation algorithm used in [3] and [4] is applied in the simulation. For PBCH-DMRS, since the sequence design and RE mapping have not been finalized in RAN1 yet, we assume random Gold sequence (different sequences for two cells) and fixed/same PBCH-DMRS RE positions between two cells.
Table I: General parameters

	Simulation parameters
	Comments/values

	Carrier frequency for Cell 1 and Cell 2
	4 GHz
	30 GHz

	System bandwidth
	5 MHz; 10 MHz
	50 MHz; 100 MHz

	Prior knowledge of Cell 1 / Cell 2 by the UE
	No / Yes
	No / Yes

	DRX
	No
	No

	BS transmit antennas for SS blocks
	1 tx or single layer transmissions (1 port without precoder cycling)
	1 tx or single layer transmissions (1 port without precoder cycling)

	UE receive antennas
	Case A Note2: 2  rx and 4 rx (uncorrelated with equal gain, no rx beamforming);

Case B: 2 rx and 4 rx with rx beamforming Note1
	Case A Note2: 2 rx and 4 rx (uncorrelated with equal gain, no rx beamforming);

Case B: 2 rx and 4 rx with rx beamforming Note1

	Data and control channel subcarrier spacing
	The same as SS block subcarrier spacing
	The same as SS block subcarrier spacing

	Measurement period (in number of measurement samples)
	1; 3; 5; other numbers of samples may also be studied upon a need
	1; 3; 5; other numbers of samples may also be studied upon a need

	SS burst set configuration in Cell 1 and Cell 2:

	· Subcarrier spacing
	15 kHz; 30 kHz
	120 kHz; 240 kHz

	· Number of SS blocks per SS burst set, K
	1 Note2 and 4
	1 Note2 and 4

	· SS burst periodicity
	5 ms
	5 ms

	· Number of transmit antenna ports
	1 (the same port for NR-SSS, NR-PSS, NR-PBCH)
	1 (the same port for NR-SSS, NR-PSS, NR-PBCH)

	· SS block BW
	127 subcarriers for SS, 288 subcarriers for PBCH
	127 subcarriers for SS, 288 subcarriers for PBCH

	· Actual SS block transmissions
	always transmitted
	always transmitted

	NOTE1: For Case B, companies are encouraged to state their assumptions on beamforming and rx antenna configuration together with the provided simulation results

NOTE2: prioritized for RAN4#84


Table II: Cell-specific parameters

	Parameter
	Unit
	Cell 1
	Cell 2

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1

	NR-PSS and NR-SSS sequences
	-
	Randomly selected
	Randomly selected (to be different from ID of cell 1)

	PBCH and DMRS power offset with respect to NR-PSS and NR-SSS
	dB
	0
	0

	Data and control PSD relative to NR-PSS and NR-SSS
	dB
	0
	0

	RB Utilization
	%
	100
	100

	Data Modulation
	-
	QPSK
	QPSK

	Slot length
	-
	14 symbols
	14 symbols

	CP Length
	-
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0

	1)Relative Delay of 1st Path (synchronous)
	µs
	0
	CP/2

	2) Relative Delay of 1st Path (asynchronous): Fixed delay
	Ms
	0
	3 ms

	SNR for Case A
	dB
	K=1: 6 dB

K=4: (2, 6,4, -2) dB
	K=1: 1 dB

K=4: (2, 1, 1, 1) dB and (-1, 5, -3, 2) dB

	Es/IoT for Case A (calculated from SNR)
	dB
	N/A
	K=1: -5.97 dB

K=4: (-2.12, -5.97, -4.45, -1.12) dB and (-5.12, 1.46, -8.45, -0.12)

	SNR for Case B, including beamforming gain
	dB
	K=1: 6 dB

K=4: (2, 6,4, -2) dB
	K=1: 1 dB

K=4: (2, 1, 1, 1) dB and (-1, 5, -3, 2) dB

	Es/IoT for Case B (calculated from SNR), including beamforming gain
	dB
	N/A
	K=1: -5.97 dB

K=4: (-2.12, -5.97, -4.45, -1.12) dB and (-5.12, 1.46, -8.45, -0.12)

	Propagation conditions
	-
	CDL-C (delay scaling is 100 ns for 4 GHz and 30 ns for 30 GHz, and UE speed is 3 km/h)

AWGN, EPA5, ETU30, ETU70,

CDL-A/B/C Note, TDL-A/B/C Note

	NOTE: the companies are encouraged to state channel model parameters together with the results, the parameters are to be further discussed and aligned


3. Evaluation results
Initial evaluation results on SS block measurement are shown in this section. We evaluate two RSRP measurement mechanisms, one is the measurement based only on NR-SSS and another is the measurement based on both NR-SSS and PBCH-DMRS.
· Results on SCS = 15 kHz

Figure 1, 2, 3 and 4 show RSRP estimation error (i.e., delta measurement) CDF curves for the case of SCS = 15 kHz. Figure 1 and 2 show results in synchronous case, and Figure 3 and 4 show results in asynchronous case. Table III summarizes 5%-ile and 95%-ile CDF values of RSRP estimation error for the case of SCS = 15 kHz.
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Figure 1: RSRP estimation error CDF curves (NR-SSS, SCS=15 kHz, sync)
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Figure 2: RSRP estimation error CDF curves (NR-SSS and PBCH-DMRS, SCS=15 kHz, sync)
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Figure 3: RSRP estimation error CDF curves (NR-SSS, SCS=15 kHz, async)
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Figure 4: RSRP estimation error CDF curves (NR-SSS and PBCH-DMRS, SCS=15 kHz, async)

Table III: 5%-ile and 95%-ile CDF values of RSRP error for the case of SCS = 15 kHz
	RSRP Error (dB)
	5% CDF
	95% CDF

	5 MHz, SCS=15 kHz,

NR-SSS only

(sync/async)
	1 sample
	-3.36 / -2.93
	2.58 / 2.58

	
	3 samples
	-2.15 / -1.94
	1.69 / 1.60

	
	5 samples
	-1.79 / -1.59
	1.31 / 1.22

	5 MHz, SCS=15 kHz,

NR-SSS and PBCH-DMRS
(sync/async)
	1 sample
	-1.57 / -1.68
	2.09 / 1.98

	
	3 samples
	-1.13 / -1.12
	1.24 / 1.11

	
	5 samples
	-0.91 / -0.90
	0.87 / 0.83


· Results on SCS = 30 kHz

Figure 5, 6, 7 and 8 show RSRP estimation error (i.e., delta measurement) CDF curves for the case of SCS = 30 kHz. Figure 5 and 6 show results in synchronous case, and Figure 7 and 8 show results in asynchronous case. Table IV summarizes 5%-ile and 95%-ile CDF values of RSRP estimation error for the case of SCS = 30 kHz.
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Figure 5: RSRP estimation error CDF curves (NR-SSS, SCS=30 kHz, sync)
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Figure 6: RSRP estimation error CDF curves (NR-SSS and PBCH-DMRS, SCS=30 kHz, sync)
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Figure 7: RSRP estimation error CDF curves (NR-SSS, SCS=30 kHz, async)
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Figure 8: RSRP estimation error CDF curves (NR-SSS and PBCH-DMRS, SCS=30 kHz, async)
Table IV: 5%-ile and 95%-ile CDF values of RSRP error for the case of SCS = 30 kHz

	RSRP Error (dB)
	5% CDF
	95% CDF

	10 MHz, SCS=30 kHz,

NR-SSS only

(sync/async)
	1 sample
	-3.69 / -3.51
	2.31 /  2.22

	
	3 samples
	-2.83 / -2.58
	1.64 / 1.52

	
	5 samples
	-2.39 / -2.39
	1.37 / 1.33

	10 MHz, SCS=30 kHz,

NR-SSS and PBCH-DMRS

(sync/async)
	1 sample
	-1.81 / -1.73
	1.69 / 1.67

	
	3 samples
	-1.36 / -1.32
	1.01 / 0.97

	
	5 samples
	-1.14 / -1.12
	0.85 / 0.79


· Results on SCS = 120 kHz

Figure 9, 10, 11 and 12 show RSRP estimation error (i.e., delta measurement) CDF curves for the case of SCS = 120 kHz. Figure 9 and 10 show results in synchronous case, and Figure 11 and 12 show results in asynchronous case. Table V summarizes 5%-ile and 95%-ile CDF values of RSRP estimation error for the case of SCS = 120 kHz.
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Figure 9: RSRP estimation error CDF curves (NR-SSS, SCS=120 kHz, sync)
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Figure 10: RSRP estimation error CDF curves (NR-SSS and PBCH-DMRS, SCS=120 kHz, sync)
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Figure 11: RSRP estimation error CDF curves (NR-SSS, SCS=120 kHz, async)
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Figure 12: RSRP estimation error CDF curves (NR-SSS and PBCH-DMRS, SCS=120 kHz, async)
Table V: 5%-ile and 95%-ile CDF values of RSRP error for the case of SCS = 120 kHz

	RSRP Error (dB)
	5% CDF
	95% CDF

	50 MHz, SCS=120 kHz,

NR-SSS only

(sync/async)
	1 sample
	-3.90 / -3.94
	2.31 / 2.30

	
	3 samples
	-2.23 / -2.16
	1.46 / 1.44

	
	5 samples
	-1.63 / -1.58
	1.13 / 1.11

	50 MHz, SCS=120 kHz,

NR-SSS and PBCH-DMRS

(sync/async)
	1 sample
	-2.14 / -2.13
	1.65 / 1.55

	
	3 samples
	-1.25 / -1.28
	0.94 / 0.94

	
	5 samples
	-0.93 / -0.92
	0.74 / 0.74


· Results on SCS = 240 kHz

Figure 13, 14, 15 and 16 show RSRP estimation error (i.e., delta measurement) CDF curves for the case of SCS = 240 kHz. Figure 13 and 14 show results in synchronous case, and Figure 15 and 16 show results in asynchronous case. Table VI summarizes 5%-ile and 95%-ile CDF values of RSRP estimation error for the case of SCS = 240 kHz.
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Figure 13: RSRP estimation error CDF curves (NR-SSS, SCS=240 kHz, sync)
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Figure 14: RSRP estimation error CDF curves (NR-SSS and PBCH-DMRS, SCS=240 kHz, sync)
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Figure 15: RSRP estimation error CDF curves (NR-SSS, SCS=240 kHz, async)
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Figure 16: RSRP estimation error CDF curves (NR-SSS and PBCH-DMRS, SCS=240 kHz, async)
Table VI: 5%-ile and 95%-ile CDF values of RSRP error for the case of SCS = 240 kHz

	RSRP Error (dB)
	5% CDF
	95% CDF

	100 MHz, SCS=240 kHz,

NR-SSS only

(sync/async)
	1 sample
	-4.30 / -4.34
	2.76 / 2.70

	
	3 samples
	-2.33 / -2.25
	1.70 / 1.70

	
	5 samples
	-1.75 / -1.73
	1.37 / 1.36

	100 MHz, SCS=240 kHz,

NR-SSS and PBCH-DMRS

(sync/async)
	1 sample
	-2.09 / -2.02
	1.79 / 1.73

	
	3 samples
	-1.25 / -1.23
	1.01 / 0.99

	
	5 samples
	-0.97 / -0.97
	0.80 / 0.80


4. Discussion
Based on evaluation results shown in previous section, we could make following observations.
· For RSRP measurement based on single SS/PBCH block, utilizing PBCH-DMRS in addition to NR-SSS could improve RSRP measurement accuracy significantly.

· Available number of REs for one-shot RSRP measurement based on NR-SSS only is 127, while available number of REs for one-shot RSRP measurement based on NR-SSS and PBCH-DMRS is 127+144 = 271.

· Assuming LTE RSRP accuracy requirements (e.g., +/- 6 dB) with implementation margin of 2 dB, one-shot measurement (i.e., 1 sample) is sufficient in almost cases.
· If implementation margin of 3 dB is considered, RSRP measurement based on NR-SSS only would require 3 samples while RSRP measurement based on NR-SSS and PBCH-DMRS can achieve an accurate measurement based on 1 sample.
Based on above observations, we think that NR SS block based RSRP measurement could achieve better performance compared with LTE CRS based RSRP measurement. On the other hand, as shown in our system level simulation results [5], the side condition of -6 dB SINR may not be sufficient for cell/beam detection and RRM measurement in urban macro scenario with 30 GHz carrier frequency. Therefore, as a next step, RAN4 should evaluate SS block based RSRP measurement performance in worse SINR condition.
5. Conclusion 

In this contribution, we showed our initial evaluation results regarding SS block measurement based on the agreed link level simulation assumptions. Based on the evaluation results, we presented our views on the requirements for SS block based RSRP measurement.
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