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1. Introduction
In RAN4#84 Meeting, simulation assumptions for PSS/SSS detection in NR were agreed in [1]. Based on these assumptions, in RAN4#85 Meeting, we presented a set of PSS/SSS detection simulation results for sub-6 bands under various channel conditions [2]. In this contribution, we present more PSS/SSS detection simulation results for mmWave bands addressed in [1]. 
2. Simulation Assumptions
The simulation assumptions used to determine the detection delay are based on [1] and are also provided below in Table 1 to Table 4.
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

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

	Es/Noc 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 100ns for 4 GHz and 30ns for 30 GHz Note1
CDL-A/B/C/D with 100ns for 4 GHz and 30ns for 30 GHz Note1 (secondary priority)


	Noc Model 
	-
	AWGN noise

	NOTE 1:	The channel models of CDL and TDL are used for simplified link level evaluations, which are defined in TR 38.901.




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

	Prior knowledge of Cell 1 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 (except for CDL model)
Option 1: With receiver beamforming
Option 2: Without receiver beamforming)



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)


Based on simulation assumptions in Table 1 and the case number in Table 3, in RAN4#85 Meeting, we presented PSS/SSS detection simulation results for synchronous scenarios (i.e. Case#1 and Case#2) of sub-6 bands under various channel conditions [2]. In the following, we present more simulation results for synchronous scenarios (i.e. Case#1 and Case#2) of mmWave bands. 
3. Simulation Results 
Figure 1 and Figure 2 show the CDF curves for joint PSS/SSS detection delay in terms of number of SS blocks (SSB) for Case#1 and Case#2 of mmWave bands in CDL and TDL channels, respectively. It is also assumed that: (1) UE is aware of the correct serving cell ID; (2) the number of transmitted SS block within an SS burst set is one (i.e. K=1); (3) SINR is -6dB without RF impairments; and (4) two Rx antennas with ideal Rx beamforming and without beam sweeping.
[image: ]
Fig. 1 CDF curve for joint PSS/SSS detection delay in terms of number of SS blocks for Case#1
[image: ]
Fig. 2 CDF curve for joint PSS/SSS detection delay in terms of number of SS blocks for Case#2
[bookmark: _GoBack]Observation: For CDL and TDL channels of 3km/h UE velocity and 30ns delay scaling, in most of the simulation cases, two SS blocks are required to achieve 90% PSS/SSS detection rate at SINR=-6dB without RF impairments.
Proposal: For impairment margin, one more SS block would be needed to take into consideration for PSS/SSS detection delay discussion. Moreover, for more challenging scenarios (e.g. higher velocity and/or larger delay scaling), more SS blocks can be required.
4. Conclusions
In this contribution, we present more PSS/SSS detection simulation results for mmWave bands addressed in [1]. 
Observation: For CDL and TDL channels of 3km/h UE velocity and 30ns delay scaling, in most of the simulation cases, two SS blocks are required to achieve 90% PSS/SSS detection rate at SINR=-6dB without RF impairments.
Proposal: For impairment margin, one more SS block would be needed to take into consideration for PSS/SSS detection delay discussion. Moreover, for more challenging scenarios (e.g. higher velocity and/or larger delay scaling), more SS blocks can be required.
5. References
[1] R4-1708698, “Updated link level simulation assumption of cell detection in NR”, Huawei, HiSilicon, NTT DOCOMO, INC., August 2017.
[2] R4-1712298, “Simulation results for Cell Detection in NR”, Intel Corporation, December 2017.
image4.jpg
o
©
©

o
©
=)

o

©

b
T

o
©
N

o

—120KHz SCS, CDL-A|]|
—120KHz SCS, CDL-C

—120KHz SCS, TDL-A ||
——120KHz SCS, TDL-C
=¥-240KHz SCS, CDL-A|]
-¥-240KHz SCS, CDL-C
-¥-240KHz SCS, TDL-A ||
~¥-240KHz SCS, TDL-C

o
©

CDF of PSS/SSS Detection Rate
[e4]

o
©
)

0.84

1 15 2 2.5 3 3.5 4 4.5 5
Number of SSB





image1.wmf
)

1

(

ID

N


oleObject1.bin

image2.wmf
)

2

(

ID

N


oleObject2.bin

image3.jpg
CDF of PSS/SSS Detection Rate

0.95

0.9

——120KHz SCS, CDL-A
——120KHz SCS, CDL-C
——120KHz SCS, TDL-A
——120KHz SCS, TDL-C
=¥-240KHz SCS, CDL-A
=¥-240KHz SCS, CDL-C
=¥-240KHz SCS, TDL-A
=¥-240KHz SCS, TDL-C

0.8

0.8 ; - ; ;
1 1.5 2 2.5 3 3.5 4 4.5 5

Number of SSB




