3GPP TSG-RAN WG4 Meeting NR#2














R4-1706896
Qingdao, China, 27 - 29 June, 2017
Title: 




Discussion on link level simulation of cell detection in NR
Source: 
Huawei, HiSilicon
Agenda item:
3.5.6
Document for:
Approval
1. Introduction

In last RAN4 meeting, a way forward for NR RRM [1] was agreed and the agreements on link simulation works are stated as follows:

	· For the link studies include at least:

· RLM (in-sync and out-of-sync)

· Cell detection

· Beam identification

· Measurements for mobility and beam management from the core requirements point of view (e.g., number of samples, measuemrent period, measurement accuracy etc.)

· Basic SI reading (PBCH acquisition)

· Any additional link study if needed for SA specifically

· Discuss the link simulations methodology.

· Agree on simulation assumptions for link level studies.


This paper provides the discussion on link level simulation assumptions for cell detection in NR.
2. Discussion
Based on the discussion in [2], UE shall be able to identify cell ID and timing synchronization of neighbour cells by detecting NR-PSS/SSS in an SS block.
Currently, RAN1 has reached the agreements on NR-SS sequence design in [3]. RAN1 defined 3 NR-PSS sequences and 336 NR-SSS sequences to jointly carry the physical-layer cell identity (ID), where the NR SSS carries the cell ID group index, 
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. The cyclic shift value used for NR PSS generation are determined by the cell ID within the group 
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Three cells are simulated including two interfering cells and one target cell to be identified, which are usually used for evaluating cell identification performances in LTE.

· Cell 1 = 1st interferer cell as defined currently SNR= 5.18 dB

· Cell 2 = 2nd interferer cell as defined currently SNR = 0.29 dB

· Cell 3 = the desired cell as defined currently SNR = [-0.75, 0.25, 1.25] dB (equivalent to SINR = [-8, -7, -6] dB)

The sequence generation of NR-SSS is determined only by the cell ID and the NR SSS sequence for each cell is unique. Since there are only three NR-PSS sequences for all of cells, two cells with different cell ID may carry the same NR-PSS sequence. Therefore, the cases that the interferer cell carries the same NR-PSS sequence as the desired cell shall be simulated, and the cases that the interferer cell carries different NR-PSS sequence as the desired cell also shall be simulated.
For simplicity, we mainly focus on the low frequency (below 6 GHz) case with 15 kHz SCS. In order to evaluating the worst-case performance, only one SS block is transmitted within one SS burst set period, and the beam sweeping operation will not be simulated. In this meeting, [4] provides analysis on the receiver antenna number for NR UE, and 4Rx is proposed for specifying NR RRM requirements.
The sequence lengths of both PSS and SSS are 127 which occupies at least 11 RBs. Here 12 RBs and the FFT size of 256 are applied for simulating PSS/SSS detection. For OFDM symbols not occupied by PSS/SSS in each SS burst set period, the corresponding frequency domain sequences are generated by allocating random QPSK symbols on each subcarrier.

2.1. Simulation Assumptions

Based on the above discussion, the detailed simulation parameters and assumptions are given in in Table 1-4 below.
Table 1: Cell Detection Test Parameters

	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	RF Channel number
	-
	Channel 1
	Channel 1
	Channel 1

	Number of RB’s
	
	12
	12
	12

	RB Utilization
	%
	100
	100
	100

	FFT size
	-
	256
	256
	256

	Power boosting for PSS and SSS
	dB
	0
	0
	0

	Power boosting for Data and Control
	dB
	0
	0
	0

	Data Modulation
	-
	QPSK
	QPSK
	QPSK

	CP Length
	-
	Normal
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0
	0

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

	Eor/Ioc
	dB
	5.18
	0.29
	[-0.75, 0.25, 1.25]

	Number of Tx antennas
	-
	1
	1
	1

	P-SCH Sequence ID
	-
	See Table 3, 4
	See Table 3, 4
	See Table 3, 4

	S-SCH Sequence ID [2]
	-
	See Table 3, 4
	See Table 3, 4
	See Table 3, 4

	Propagation Condition
	-
	AWGN, EPA5Hz, ETU30 

CDL-A/B/C with 300ns delay spread Note1
TDL-A/B/C/D with 300ns delay spread Note1

	Ioc Model Note2
	-
	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: Other simulation assumption parameters for cell detection
	Simulation parameters
	Comments/values

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

	Cell 1, 2, 3 carrier frequency
	Same and set as 4GHz

	False detect threshold 
	Required as in a real UE implementation

	UE having apriority knowledge of system being synchronous or asynchronous
	No

	Number of SS block within a SS burst set period
	One

	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
	4 (uncorrelated)


Table 3: Cell ID Combinations to be simulated

	Case #
	Cell 1
 (Interferer 1)
	Cell 2
(Interferer 2)
	Cell 3
(Desired Cell)
	Scenario

	1
	psc1
	ssc1
	psc2
	ssc2 (0, 41)
	psc3
	ssc3
	Synchronous

	2
	psc1
	ssc1
	psc2
	ssc2 (0, 41)
	psc1
	ssc4
	Synchronous

	3
	psc1
	ssc1
	psc2
	ssc2 (0, 41)
	psc3
	ssc5
	Synchronous

	4
	psc1
	ssc1
	psc2
	ssc2 (0, 41)
	psc1
	ssc6
	Synchronous


Table 4: PSS, SSS indices for simulations

	Label
	Code index

	psc1
	43

	psc2
	0

	psc3
	86


	Label
	Code index
(m0, m1)
	Cell ID
	(
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	ssc1
	(4, 5)
	337
	(112, 1)

	ssc2
	(0, 41)
	120
	(40, 0)

	ssc3
	(8, 9)
	674
	(224, 2)

	ssc4
	(7,.8)
	673
	(224, 1)

	ssc5
	(5,.6)
	338
	(112, 2)

	ssc6
	(1, 2)
	1
	(0, 1)


2.2. Performance Metric

For cell detection based on SS block, since RAN1 has not concluded the detailed design of SS block time index indication, we focus on the NR-PSS and NR-SSS detection time.
The detection is claimed to be successful only when both the PSS and SSS are correctly detected and the timing offset is within half CP length. The CDF curves of joint PSS/SSS detection latency are provided for cell detection.
3. Conclusion
In this paper, we provided simulation assumptions for evaluating cell detection delay. Based on the simulation assumption, we encourage interested companies to provide simulation results in next RAN4 meeting.
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