3GPP TSG-RAN WG4 Meeting #80
R4-165987
Gothenburg, Sweden, Aug. 22-26, 2016
Title:
Cell detection performance under high speed scenarios
Source:
Huawei, HiSilicon
Agenda Item:
8.10.2.1
Document for:
Discussion
1 Introduction
From UE implementation point of view, cell detection performance is the same for UE idle mode and connected mode. In RAN4#78bis meeting, the link level and system level simulation assumptions on RRM requirements in connected mode under high speed scenario were agreed [1]. In RAN4#79 meeting, [2] provided the PSS/SSS detection results. However no consensus is achieved in the last meeting.

This contribution provides the further analysis on the cell detection performance under high speed scenarios.

2 PSS/SSS detection performance

· Simulation results

In high speed train, UE is moving along the rail track. Accordingly the SINR of target cell increases when UE is approaching the cell. In this contribution, we try to observe the trends of PSS/SSS detection delay with the increasing side conditions. In the following, the side condition traverses from -6dB to 0dB with 1dB step as shown in Table 1. Besides the SINR setting, the simulation configuration strictly complies with the parameters in [1].
Table 1 Side condition configuration in PSS/SSS detection simulation assumption
	Parameter
	Unit
	Cell 1
(Interferer 1)
	Cell 2
(Interferer 2)
	Cell 3
(Desired Cell)

	Ior/Noc
	dB
	5.18
	0.29
	Test 1: 1.25;

Test 2: 2.25;

Test 3: 3.25;

Test 4: 4.25;

Test 5: 5.25;

Test 6: 6.25;
Test 7: 7.25.


The 90%-ile PSS/SSS detection times under different propagation environment are shown in Table 2-Table 5. 
Table 2: 90%-ile cell detection times under AWGN with 0Hz offset 
	Case #
	SINR (Unit:dB)

	
	-6
	-5
	-4
	-3
	-2
	-1
	0

	1
	1
	1
	1
	1
	1
	1
	1

	2
	1
	1
	1
	1
	1
	1
	1

	3
	1
	1
	1
	1
	1
	1
	1

	4
	1
	1
	1
	1
	1
	1
	1

	5
	4
	2
	1
	1
	1
	1
	1

	6
	4
	2
	1
	1
	1
	1
	1

	7
	4
	2
	1
	1
	1
	1
	1

	8
	4
	2
	1
	1
	1
	1
	1


Table 3: 90%-ile cell detection times under AWGN with 1750Hz offset 
	Case #
	SINR (Unit:dB)

	
	-6
	-5
	-4
	-3
	-2
	-1
	0

	1
	1
	1
	1
	1
	1
	1
	1

	2
	1
	1
	1
	1
	1
	1
	1

	3
	1
	1
	1
	1
	1
	1
	1

	4
	1
	1
	1
	1
	1
	1
	1

	5
	4
	2
	1
	1
	1
	1
	1

	6
	4
	3
	2
	1
	1
	1
	1

	7
	4
	2
	2
	1
	1
	1
	1

	8
	4
	2
	1
	1
	1
	1
	1


Table 4: 90%-ile cell detection times under EVA300
	Case #
	SINR (Unit:dB)

	
	-6
	-5
	-4
	-3
	-2
	-1
	0

	1
	2
	2
	2
	1
	1
	1
	1

	2
	3
	2
	2
	2
	1
	1
	1

	3
	3
	2
	2
	2
	1
	1
	1

	4
	3
	2
	2
	2
	1
	1
	1

	5
	3
	3
	2
	2
	1
	1
	1

	6
	3
	3
	2
	2
	1
	1
	1

	7
	3
	3
	2
	2
	1
	1
	1

	8
	3
	3
	2
	2
	2
	1
	1


Table 5: 90%-ile cell detection times under EVA600
	Case #
	SINR (Unit:dB)

	
	-6
	-5
	-4
	-3
	-2
	-1
	0

	1
	3
	2
	2
	2
	1
	1
	1

	2
	3
	2
	2
	2
	1
	1
	1

	3
	3
	2
	2
	2
	1
	1
	1

	4
	2
	2
	2
	1
	1
	1
	1

	5
	3
	3
	2
	2
	2
	1
	1

	6
	4
	3
	2
	2
	2
	1
	1

	7
	3
	3
	2
	2
	2
	1
	1

	8
	3
	3
	2
	2
	2
	1
	1


The following observations could be obtained.

· When side condition is -6dB (test 1), UE could complete PSS/SSS detection within 4 attempts.

· With the side condition increasing, the PSS/SSS detection delay is significantly reduced. For example, when SINR increases to -4dB, UE could complete PSS/SSS detection within 2 attempts. The cell identification delay is considerable shortened under relatively higher side condition.

· When side condition reaches to 0dB (test 7), UE could perform PSS/SSS detection within 1 attempt. Actually the one shot PSS/SSS detection performance under high side condition has been validated in LAA. The same conclusion is drawn.

· Feasibility of detecting PSS/SSS per DRX cycle

In DRX, UE could wake up to perform PSS/SSS detection per DRX cycle since anyway UE needs to monitor PDCCH in the subframe “ON-Duration”. 

So one way to define the requirements of PSS/SSS detection requirements could be like,

PSS/SSS detection delay shall be within 5* DRX cycles when 
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As we all know, the pure time for cell detection is 15*DRX in current specification. When UE performs more frequent PSS/SSS detection, it is unavoidable that the power consumption would increase. However in order to achieve good mobility performance, acceptable power consumption increasing is needed. Anyway there is always a trade-off between the mobility performance and power consumption. In addition, the applicability of the stringent PSS/SSS detection requirements could be restricted to the high speed scenario. That is to say, for non-high speed scenario, the power consumption of cell detection doesn’t increase.
· Fast SINR variation
In high speed train scenario the trail of train is plan in advance. When UE is approaching to the target cell, the SINR of the target cell is increasing fast. With the high velocity the SINR increases rapidly. So in high speed scenario, UE could complete cell identification far faster than the low velocity scenario.

A simple simulation is carried out to observe the SINR variation when UE approaching to the target cell. Topology for high speed scenario is shown in Figure 1. Cells are distributed along the tracks. DRX configuration is 320ms. When the SINR of the target cell is larger or equal to -6dB, the cell is regarded to be detectable and the moment is logged as t. Then observe the SINR variation of the cell at the moment t+DRX, t+2*DRX, t+3*DRX and so on. The simulation shown in Figure 2 illustrates the CDF of SINR variation on different moments.
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Figure 1:  Cell deployment for high speed scenarios
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Figure 2: CDF of SINR variation
Based on the simulation results, the SINR could increase to 0dB at the moment t+2*DRX. That is to say, the SINR increases rapidly when UE is approaching to the target cell. So alternative way to define the requirements of PSS/SSS detection requirements could be specified with the high side condition under high speed scenario like,

PSS/SSS detection delay shall be within 1 DRX cycle when 
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Proposal: Two ways to define the requirements of PSS/SSS detection requirements under high speed scenario,

                 - Option 1: PSS/SSS detection delay shall be within 5* DRX cycles when 
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;
                  - Option 2: PSS/SSS detection delay shall be within 1*DRX cycles when 
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3 Conclusion

In this paper, the cell detection performance is validated through link level simulation.
Proposal: Two ways to define the requirements of PSS/SSS detection requirements under high speed scenario,

                 - Option 1: PSS/SSS detection delay shall be within 5* DRX cycles when 
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;

                  - Option 2: PSS/SSS detection delay shall be within 1*DRX cycles when 
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5 Annex: PSS/SSS detection simulation assumptions in [R4-162424]

In the link level simulation, it is assumed that UE wake up to perform cell identification per DRX cycle. Simulation assumptions for cell identification are given in Table 1, Table 2, Table 3 and Table 4.
Table 1: Link Simulation Parameters for cell identification

	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

	E-UTRA RF Channel number
	-
	Channel 1
	Channel 1
	Channel 1

	Data and Control PSD relative to RS PSD
	dB
	0
	0
	0

	P-SCH and S-SCH PSD relative to RS PSD
	dB
	0
	0
	0

	Number of RB’s
	
	6
	6
	6

	RB Utilization
	%
	100
	100
	100

	Data Modulation
	-
	QPSK
	QPSK
	QPSK

	Frame Structure Type
	-
	1
	1
	1

	CP Length
	-
	Normal
	Normal
	Normal

	Frequency Offset relative to UE frequency reference
	Hz
	0
	0
	0

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

	2) Relative Delay of 1st Path (asynchronous): Fixed delay
	ms
	0
	1.5 
	3.0 

	Ior/Noc
	dB
	5.18
	0.29
	Test 1: 1.25

Test 2: 6.25

	Number of Tx antennas
	-
	1
	1
	1

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

	S-SCH Sequence ID [5]
	-
	See Table 3, Table 4
	See Table 3, Table 4
	See Table 3, Table 4

	Propagation Condition
	-
	AWGN with 0Hz offset between desired and interfering cells (for alignment), AWGN with 1750Hz offset between desired and interfering cells;

EVA300; 
EVA 600

	Ioc Model
	-
	AWGN


Table 2: Other simulation assumption parameters for cell identification

	Simulation parameters
	Comments/values

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

	Cell 1, 2, 3 carrier frequency
	Same

	False detect threshold
	Required as in a real UE implementation

	UE having apriori knowledge of system being synchronous or synchronous (by signalling)
	No

	Duty cycle
	100% (to represent non-DRX case)

	Performance criterion for comparison
	90th percentile acquisition time for “correct” cell detection of both P-SCH and S-SCH sequence id’s.

	CP length detection
	Both short or long CP may be present, hence UE needs to detect CP length

	Receive antennas
	2  (uncorrelated)


Table 3: Cell ID Combinations to be simulated
	case #
	Cell 3

(Desired Cell)
	Cell 1

(Interferer 1)
	Cell 2

(Interferer 2)
	Scenario

	1
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	2
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	3
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	4
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Synchronous

	5
	psc3
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	6
	psc1
	ssc3a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	7
	psc1
	ssc1a, ssc3b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous

	8
	psc3
	ssc1a, ssc1b
	psc1
	ssc1a, ssc1b
	psc2
	ssc2a, ssc2b
	Asynchronous


Table 4: PSC, SSC indices for simulations
	Label
	Code index

	psc1
	29

	psc2
	25

	psc3
	34


	Label
	Code index
	Cell group index 

	(ssc1a, ssc1b)
	(6, 8)
	36

	(ssc2a, ssc2b)
	(10, 12)
	40

	(ssc3a, ssc3b)
	(7, 9)
	37

	(ssc1a, ssc3b)
	(6, 9)
	65


· Performance Metrics

The cell identification delay is the time required by the UE to fully identify the cell (cell 3 in this case) by detecting PSS/SSS sequences and excluding the L1 period. For the LAA simulation setup, the cell identification delay would be the number of DRX cycles. Results are expected for:

• The 90th percentile of the intra-frequency cell identification delay as a function of SINR
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