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1 Introduction

In RAN4 #68bis, RRM measurements in high Doppler scenarios were discussed. Based on the discussions, a way forward [1] was also agreed in this meeting. The issues need to be investigated in RAN4 #68bis meeting can be listed as:
· Operators observed that RSRP/RSRQ measured values have significant difference among chipsets under high Doppler with multiple paths
· RAN4 will study expected measurements accuracy
· Following points are necessary for further discussion
· Which channel model should be taken as reference, i.e. EVA600, EVA300, HST
· What is the reference RSRP/RSRQ under high Doppler
· After studying the issue, RAN4 will decide on the need for high Doppler RRM 
· If other RRM related issues identified under high Doppler, it can also be considered to bring this issue into new WI with all other RRM requirements, in order to specify high Doppler RRM requirements 
As a part of RRM requirements, the issues whether the current cell identification time can fulfils the requirements under high Doppler scenarios need to be researched. In this contribution, based on the assumptions provided in [2], the corresponding cell identification times are given by the means of link level simulation.
2 Discussion
2.1 Simulation Assumption

Table 1, Table 2, and Table3, list link-level simulation parameters used for the cell detection simulations.

Table 1: Link-level simulation parameters for PSS/SSS
	Parameter
	Unit
	Cell 1
	Cell 2
	Cell 3

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

	Cell type
	-
	Interferer
	Interferer
	To be identified

	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

	DRX
	
	OFF
	OFF
	OFF

	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
	μs
	0
	1.5 ms
	3.0 ms

	SNR
	dB
	5.18
	0.29
	-0.75,

0.25,

1.25

	Number of Tx antennas
	-
	1
	1
	1

	Number of Rx antennas (uncorrelated with equal gain)
	-
	2
	2
	2

	Propagation Condition
	-
	Baseline: EVA600, HST

Optional: EVA300

	Ioc Model
	-
	AWGN


Table 2: SSS sequences in different cells
	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 3: PSS, SSS indices for simulations
	Label
	Code index
	Cell group index

	psc1
	29
	-

	psc2
	25
	-

	psc3
	34
	-

	(ssc1a, ssc1b)
	(6, 8)
	36

	(ssc2a, ssc2b)
	(10, 12)
	40

	(ssc3a, ssc3b)
	(7, 9)
	37

	(ssc1a, ssc3b)
	(6, 9)
	65


2.2 Simulation Results 

The intra-frequency cell identification is the time required by the UE to fully identify the cell (cell 3 in this case) by detecting P-SCH and S-SCH sequences. The cell identification delay shown in the tables in this paper is purely cell identification delay, i.e. it does not include any time to measure UE measurement quantity such as RSRP or RSRQ. The target cell SINR is assumed to change from -8dB to -6dB respectively. Based on the above assumptions, the times to identify cell 3 are provided in table 4-table 6.
Table 4: Cell identification delay under EVA300
	Delay(ms)
case#
	SINR = -8dB
	SINR = -7dB
	SINR = -6dB

	
	90%
	90%
	90%

	1
	< 80
	< 80
	< 80

	2
	< 80
	< 80
	< 80

	3
	< 80
	< 80
	< 80

	4
	< 80
	< 80
	< 80

	5
	< 80
	< 80
	< 80

	6
	< 80
	< 80
	< 80

	7
	< 80
	< 80
	< 80

	8
	< 80
	< 80
	< 80


Table 5: Cell identification delay under EVA600
	Delay(ms)
case#
	SINR = -8dB
	SINR = -7dB
	SINR = -6dB

	
	90%
	90%
	90%

	1
	< 80
	< 80
	< 80

	2
	< 80
	< 80
	< 80

	3
	< 80
	< 80
	< 80

	4
	< 80
	< 80
	< 80

	5
	< 80
	< 80
	< 80

	6
	< 80
	< 80
	< 80

	7
	< 80
	< 80
	< 80

	8
	< 80
	< 80
	< 80


The propagation model EVA is a 9-tap multi-path fading channel, similar with ETU model. Moreover, the PSS/SSS signals are transmitted only in the central 6 RBs, so the successful detection probability of PSS/SSS is not quite sensitive to the high Doppler shifting and spread. As shown in Table 4 and Table 5, the cell identification time under EVA300 and EVA600 are both below 80ms. Hence, EVA300 and EVA600 could get the similar cell search performance with ETU70 which is a typical channel model in release 8/9.
Table 6: Cell identification delay under HST
	Delay(ms)
case#
	SINR = -8dB
	SINR = -7dB
	SINR = -6dB

	
	90%
	90%
	90%

	1
	90
	< 80
	< 80

	2
	410
	110
	< 80

	3
	> 800
	200
	< 80

	4
	< 80
	< 80
	< 80

	5
	> 800
	> 800
	170

	6
	> 800
	570
	165

	7
	> 800
	> 800
	190

	8
	> 800
	> 800
	190


Doppler shift trajectories for HST conditions are presented on figure 1. It can be observed that Doppler shift changes periodically every 7.2 seconds. It can be derived in figure 1 that the Doppler shift changes mostly flat. A particular frequency shift is transformed as a fixed phase shift in time domain, which is a linear transformation and will not impact the correlation property of PSS/SSS signal. Although the Doppler shift changes sharply at times, this sharply change lasts only for a short while, i.e. below 5% of total time. It has little impact on the total cell detection time. It is shown in Table 6 that the required cell search time performance is not more than 200ms under AWGN when the SINR of the serving cell is -6dB. Therefore, the cell identification performance under HST is similar with the performance under AWGN.
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Figure 1: Doppler shift trajectory for HST conditions
The simulation results for the earlier cell search time in release 8/9 can be referred as the benchmark to compare the performances under high Doppler scenarios. Based on the above analysis, we can obtain the following observations:

Observation 1: the required cell search time performances under EVA300 and EVA600 achieve the similar performance compared with the earlier fading channels in release 8/9.
Observation 2: the required cell search time performances under HST achieve the similar performance compared with AWGN channel in release 8/9.
3 Conclusion

In this contribution, the cell identification delay under high Doppler scenarios is simulated by the means of link simulation based on the earlier cell identification assumptions in release 8/9 [3]. The following observations are obtained.
Observation 1: the required cell search time performances under EVA300 and EVA600 achieve the similar performance compared with the earlier fading channels in release 8/9.
Observation 2: the required cell search time performances under HST achieve the similar performance compared with AWGN channel in release 8/9.
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