3GPP TSG-RAN WG4 Meeting NR #84	R4-1707933
Berlin, Germany, 21-25 August 2017

Source: 	NTT DOCOMO, INC.
Title: 	Link level evaluation results on NR-PSS/SSS detection
Agenda item:	9.6.6.2.1
Document for:	Discussion
1. Introduction
In last RAN4 meeting, evaluation assumptions for system level and link level simulations to discuss RRM requirements were agreed [1]. In this contribution, we provide our initial evaluation results regarding NR-PSS/SSS detection based on the agreed link level simulation assumption [2]. 
2. Evaluation assumptions
 Table 1 to 4 show the simulation assumptions for PSS/SSS detection. Based on agreed simulation assumption in [2], we add some corrections as proposed in [3] and select some specific parameters for initial evaluation as highlighted by red. 

Table 1: Cell-specific Parameters for PSS/SSS Detection
	Parameter
	Unit
	Cell 1
	Cell 2

	RF Channel number
	-
	Channel 1
	Channel 1

	Carrier frequency 
	
	4GHz; 30GHz
	The same frequency as for Cell 1 is used

	Subcarrier spacing
	KHz
	15 kHz; 30 kHz for 4GHz;
120 kHz; 240 kHz for 30GHz 
	The same values as for Cell 1 are used

	RB Utilization
	%
	100
	100

	Power boosting for PSS and SSS
	dB
	0
	0

	Power boosting for Data and Control
	dB
	0
	0

	Data Modulation
	-
	QPSK
	QPSK

	CP Length
	-
	Normal
	Normal

	Number of transmitted SS block within a SS burst set period (K)
	-
	1 (baseline)
FFS: 4
	1(baseline)
FFS: 4

	SS burst set periodicity
	ms
	5
	5

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

	Relative Delay of 1st Path (asynchronous)
	ms
	0
	1.5

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0

	Eor/Ioc for K=1
	dB
	6.4
	1.25; FFS: 0.25; -0.75
(SINR: -6dB; 
FFS: -8dB, -7dB)


	Eor/Ioc for K=4
	dB
	2, 6,4, -2
	2, 1, 1, 1 
(SINR: -2.12, -5.97, -4.45, -1.12);
-1, 5, -3, 2 dB
(SINR: -5.12, -1.97, -8.45, -0.12)

	Number of Tx antennas
	-
	1
	1

	PSS Sequence ID
	-
	To be stated by companies together with the results (examples shows in Table 3, 4)
	To be stated by companies together with the results (examples shows in Table 3, 4)

	SSS Sequence ID
	-
	To be stated by companies together with the results (examples shows in Table 3, 4)
	To be stated by companies together with the results (examples shows in Table 3, 4)

	Propagation Condition
	-
	AWGN, EPA5, ETU30
TDL-A/B/C/D with 300ns delay spread Note1
CDL-A/B/C/D with 300ns delay spread Note1 (secondary priority)


	Ioc Model Note3
	-
	AWGN noise

	NOTE 1:	The channel models of CDL and TDL are used for simplified link level evaluations, which are defined in TR 38.900.
NOTE 2:	Ioc value doesn’t include the three simulated BS signals’ power.



Table 2: UE-specific Parameters for Cell Detection
	Simulation parameters
	Comments/values

	Prior knowledge of Cell 1 and Cell 2 by the UE
	Yes

	False detect threshold 
	Required as in a real UE implementation

	UE having apriority knowledge of system being synchronous or asynchronous
	No

	Performance criterion for comparison
	90th percentile acquisition time for “correct” cell detection of both PSS and SSS sequence IDs.

	CP length detection
	Not simulated

	Receive antennas
	2, 4 (uncorrelated.
Option 1: With receiver beamforming
Option 2: Without receiver beamforming)



[bookmark: _Ref182236287]Table 3: Example Cell ID Combinations that can be simulated
	Case #
	Cell 1
 (Interferer Cell)
	Cell 2
(Desired Cell)
	Scenario

	1
	psc1
	ssc1
	psc2
	ssc2
	Synchronous 

	2
	psc1
	ssc1
	psc1
	ssc3
	Synchronous

	3
	psc1
	ssc1
	psc2
	ssc2
	Asynchronous

	4
	psc1
	ssc1
	psc1
	ssc3
	Asynchronous



Table 4: Example PSS, SSS indices that can be simulated simulations
	PSS Indices
	SSS Indices

	Label
	Code index
	Label
	Code index
(m0, m1)
	Cell ID
	

(,)

	psc1
	43
	ssc1
	(20, 0)
	337
	(112, 1)

	psc2
	86
	ssc2
	(40, 0)
	674
	(224, 2)

	
	
	ssc3
	(35,.0)
	673
	(224, 1)



3. Evaluation results
Initial evaluation results on PSS/SSS detection are shown in this section. Table 5 and Table 6 show the one-shot detection rate and the 90%-ile PSS/SSS acquisition time for the case of 15 kHz SCS on 4 GHz frequency carrier, respectively. We could observe that four cases with different cell ID combinations show almost the same cell detection performance. Therefore, we focus on one case i.e., Case 4 in following further evaluations.
Table 7 and Table 8 show the one-shot detection rate and the 90%-ile PSS/SSS acquisition time for Case 4 with different SCSs, respectively. It is observed that cell detection with larger SCS such as 120/240 kHz in 30 GHz carrier frequency needs more number of PSS/SSS samples to achieve reliable cell detection in fading channel due to short CP/symbol length compared with multipath delay.

Table 5. One-shot detection rate for 15 kHz SCS
	SINR
	Case 1
	Case 2
	Case 3
	Case 4

	
	AWGN
	EPA5
	ETU30
	AWGN
	EPA5
	ETU30
	AWGN
	EPA5
	ETU30
	AWGN
	EPA5
	ETU30

	-6 dB
	1.00
	0.69
	0.61
	1.00
	0.69
	0.60
	1.00
	0.69
	0.60
	1.00
	0.69
	0.59

	-7 dB
	1.00
	0.63
	0.52
	1.00
	0.63
	0.51
	0.99
	0.63
	0.51
	0.99
	0.63
	0.52

	-8 dB
	0.99
	0.57
	0.44
	0.99
	0.56
	0.43
	0.94
	0.57
	0.41
	0.93
	0.56
	0.42



Table 6. The 90%-ile PSS/SSS acquisition time for 15 kHz SCS
	SINR
	Case 1
	Case 2
	Case 3
	Case 4

	
	AWGN
	EPA5
	ETU30
	AWGN
	EPA5
	ETU30
	AWGN
	EPA5
	ETU30
	AWGN
	EPA5
	ETU30

	-6 dB
	1
	2
	3
	1
	2
	3
	1
	2
	3
	1
	2
	3

	-7 dB
	1
	3
	4
	1
	3
	4
	1
	3
	4
	1
	3
	4

	-8 dB
	1
	3
	4
	1
	3
	5
	1
	3
	5
	1
	3
	5



Table 7. One-shot detection rate (Case 4, SINR = -6dB)
	SCS
	AWGN
	EPA5
	ETU30

	15 kHz
	1.00
	0.69
	0.59

	30 kHz
	1.00
	0.69
	0.54

	120 kHz
	1.00
	0.66
	0.27

	240 kHz
	1.00
	0.45
	0.18



Table 8. The 90%-ile PSS/SSS acquisition time (Case 4, SINR = -6dB)
	SCS
	AWGN
	EPA5
	ETU30

	15 kHz
	1
	2
	3

	30 kHz
	1
	2
	4

	120 kHz
	1
	3
	8

	240 kHz
	1
	5
	12



4. Discussion
 Based on evaluation results shown in previous section, we could make following observations.

· There is no large difference between Four cases with different cell ID combinations
· Cell detection with larger SCS such as 120/240 kHz in 30 GHz carrier frequency needs more number of PSS/SSS samples to achieve reliable cell detection in fading channel due to short CP/symbol length compared with multipath delay.
· Required number of samples for cell detection could be reduced compared with LTE case since NR-PSS/SSS is based on longer sequence mapped to larger number of subcarriers compared with LTE-PSS/SSS.

[bookmark: _GoBack]Regarding evaluation assumption, there would be no need to evaluate the case of K = 4 since in cell detection UE has no idea on which SS block is actually transmitted, i.e., PSS/SSS detection relies only on single SS block in every SS burst set.  In addition, delay scaling for CDL/TDL should consider typical scenario such as UMi e.g. 30 ns for 30 GHz. 

5. Conclusion
In this contribution, we showed our initial evaluation results regarding PSS/SSS detection delay based on the agreed link level simulation assumptions. Based on the evaluation results, we presented our views on the requirements for cell identification requirements.
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