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Introduction
In RAN4 #NR Ad Hoc-2 meeting, both link level and system level simulations for RRM were discussed, and simulation assumptions were agreed in [1]-[3].   
In this contribution, we provide the simulation results of 90%-tile cell search delay and one shot detection probability based on PSS and SSS according to the agreed assumptions in [1].
Simulation Results
The detailed simulation assumptions are listed in Table A.1~4 in Annex A. m0, m1 in Table A.4 are updated according to RAN1’s latest agreements [4].
Table 1: 90%-tile cell detection delay (ms), 15 kHz 
	Eor/Ioc 
(dB)
Channel
	Case 1
	Case 2
	Case 3
	Case 4

	
	-0.75
	0.25
	1.25
	-0.75
	0.25
	1.25
	-0.75
	0.25
	1.25
	-0.75
	0.25
	1.25

	AWGN
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5
	5

	EPA5
	30
	20
	15
	30
	20
	15
	25
	20
	10
	25
	20
	15

	ETU30
	30
	25
	20
	25
	20
	15
	25
	20
	15
	25
	20
	15

	TDL-A
	75
	55
	40
	90
	65
	40
	50
	35
	25
	45
	35
	25

	TDL-B
	75
	50
	35
	75
	55
	40
	35
	30
	25
	45
	35
	25

	TDL-C
	55
	40
	30
	50
	40
	30
	35
	25
	20
	40
	30
	20

	TDL-D
	10
	5
	5
	5
	5
	5
	10
	5
	5
	10
	5
	5



Table 2: One shot detection probability, 15 kHz
	Eor/Ioc 
(dB)
Channel
	Case 1
	Case 2
	Case 3
	Case 4

	
	-0.75
	0.25
	1.25
	-0.75
	0.25
	1.25
	-0.75
	0.25
	1.25
	-0.75
	0.25
	1.25

	AWGN
	99.5%
	99.9%
	100%
	100%
	100%
	100%
	94.9%
	98.8%
	99.9%
	95.7%
	98.8%
	99.7%

	EPA5
	70.8%
	77.6%
	81.9%
	71.9%
	78%
	83.1%
	73.3%
	80.2%
	85.2%
	73.3%
	79%
	83.9%

	ETU30
	35.4%
	45.9%
	55.7%
	44.9%
	52.8%
	61.7%
	42.3%
	53.4%
	62.7%
	42.6%
	52.4%
	62.4%

	TDL-A
	35.2%
	50%
	59.2%
	34.4%
	46%
	58%
	46.4%
	57.2%
	65.5%
	46.8%
	57.6%
	64.4%

	TDL-B
	36%
	50.8%
	64.8%
	35.2%
	44%
	56%
	48.4%
	57.6%
	65.6%
	46.8%
	56.4%
	64%

	TDL-C
	52.4%
	62%
	70%
	54%
	60.4%
	69.2%
	57.6%
	67.6%
	77.2%
	58%
	69.6%
	78.8%

	TDL-D
	87.2%
	96%
	99.1%
	98.4%
	99.6%
	99.9%
	85.3%
	91.8%
	96.5%
	86.1%
	94.5%
	97.4%



Table 1 shows the simulation results of 90%-tile cell detection delay under AWGN, EPA5, ETU30, TDL-A, TDL-B, TDL-C, and TDL-D channels with subcarrier spacing 15 kHz. Table 2 is the one shot cell detection probability, and since the burst set periodicity is 5 ms, one shot cooresponds to 5 ms. 
To better show how cell detection delay changes with Eor/Ioc, the simulation results of 90%-tile cell detection delay are also illustrated in Figure 1 ~ 7 for different channels.
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Figure 1: 90%-tile cell detection delay (AWGN).
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Figure 2: 90%-tile cell detection delay (EPA).
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Figure 3: 90%-tile cell detection delay (ETU).
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Figure 4: 90%-tile cell detection delay (TDL-A).
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Figure 5: 90%-tile cell detection delay (TDL-B).
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Figure 6: 90%-tile cell detection delay (TDL-C).
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Figure 7: 90%-tile cell detection delay (TDL-D).
From Table 1 and Figure 1-7, it can be seen that as Eor/Ioc increases, the cell detection delay decreases. Besides, the cell detection delay varies greatly across channel conditions. For AWGN channel, the delay is 5 ms in all cases, equivalently, one shot detection is enough to meet the 90% detection probability requirement. For TDL-D channel, since there is a strong LOS path, the detection delay is no larger than 10 ms in all cases. For EPA5, ETU30, TDL-A, TDL-B, and TDL-C channels, the detection delay is much larger than for AWGN or TDL-D channels. Hence, as the number of paths and maximum path delay increase, cell detection delay increases due to more replicas of the transmitted signal. For instance, EPA5 has 7 paths and the maximum delay is 410 ns, while TDL-A has 23 paths and the maximum delay is 2895 ns, and the delay is longer under TDL-A than under EPA5. 
Observation 1: Cell detection delay is larger under channels with larger number of paths and longer path delays.   
 
Conclusion
In this paper, we presented the initial link level simulation results for PSS/SSS detection. The following observation was made based on the results:
 Observation 1: Cell detection delay is larger under channels with larger number of paths and longer path delays.   
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Annex A: Simulation Assumptions

Table A.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
	-0.75; FSS: 0.25; 1.25
(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 A.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
	90%-tile 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 A.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 A.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)



1/7
image2.emf
-1 -0.5 0 0.5 1 1.5

10

12

14

16

18

20

22

24

26

28

30

Eor/Ioc (dB)

90%-tile detection delay (ms)

 

 

Case 1

Case 2

Case 3

Case 4


image3.emf
-1 -0.5 0 0.5 1 1.5

15

20

25

30

Eor/Ioc (dB)

90%-tile detection delay (ms)

 

 

Case 1

Case 2

Case 3

Case 4


image4.emf
-1 -0.5 0 0.5 1 1.5

20

30

40

50

60

70

80

90

Eor/Ioc (dB)

90%-tile detection delay (ms)

 

 

Case 1

Case 2

Case 3

Case 4


image5.emf
-1 -0.5 0 0.5 1 1.5

25

30

35

40

45

50

55

60

65

70

75

Eor/Ioc (dB)

90%-tile detection delay (ms)

 

 

Case 1

Case 2

Case 3

Case 4


image6.emf
-1 -0.5 0 0.5 1 1.5

20

25

30

35

40

45

50

55

Eor/Ioc (dB)

90%-tile detection delay (ms)

 

 

Case 1

Case 2

Case 3

Case 4


image7.emf
-1 -0.5 0 0.5 1 1.5

4

5

6

7

8

9

10

11

Eor/Ioc (dB)

90%-tile detection delay (ms)

 

 

Case 1

Case 2

Case 3

Case 4


image8.wmf
)

1

(

ID

N


oleObject1.bin

image9.wmf
)

2

(

ID

N


oleObject2.bin

image1.emf
-1 -0.5 0 0.5 1 1.5

4

4.2

4.4

4.6

4.8

5

5.2

5.4

5.6

5.8

6

Eor/Ioc (dB)

90%-tile detection delay (ms)

 

 

Case 1

Case 2

Case 3

Case 4


