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1 Introduction
A new WI [1] of performance enhancements for high speed scenario was approved in RAN#70 plenary meeting. One of the objectives is described as follow:

· Specify enhanced RRM requirements, under DRX configuration for idle mode in high speed scenarios. The evaluation of the candidate solutions shall be carried out. (RAN4)

In this contribution, both link level and system level simulation assumptions are provided. The purpose of link level simulation is to validate whether UE has the capability to meet the enhanced RRM requirements. The purpose of system level simulation is to validate whether the mobility performance could be guarantee with the enhance requirements in idle state. The evaluation work from interested companies would be highly welcome.

2 Simulation assumptions
2.1 Link level simulation assumption

The purpose of link level simulation is to evaluate the cell identification performance in high speed scenario.
In high speed train, UE is moving along the rail track. Accordingly the SINR increases when UE is approaching the target cell. So it is suggested that the cell identification delay under different SINR could be evaluated. 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

2.2 System simulation assumptions
The purpose of system simulation evaluation is to verify the mobility performance.
· Deployment simulation assumptions
Topology for high speed scenario is shown in Figure 1. Cells are distributed along the tracks.
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Figure 1: cell deployment for high speed scenarios
· Cell identification time
A cell is considered to be detected if SINR of the cell is above -6dB during a consecutive time which can be defined as cell identification time; only detected cells can be measured by UE. Two sets of cell identification time are configured:
1) Existing case: 20*DRX cycle length (following the existing requirement); 

2) Enhanced casenote1: [5] *DRX cycle length when 
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· note1 : based on the link level simulation results
It is noted that the intention of using two side conditions in the system level simulation is to simulate the realistic cell identification delay in high speed train. It is impossible UE uses the same cell identification time when SINR varies. So the high SINR is introduced herein.

It doesn’t mean the cell identification requirements shall consider two side conditions. How to define the enhanced requirements could be discussed further.
· Cell evaluation period
1) Existing case: following the existing requirement in Table 4.2.2.3-1 in TS 36.133 [3].
Table 4.2.2.3-1 : Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate, E-UTRAN_intra
	DRX cycle length [s]
	Tdetect,EUTRAN_Intra [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Intra [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX cycles)

	0.32
	11.52 (36)
	1.28 (4)
	5.12 (16)

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)

	1.28
	32(25)
	1.28 (1)
	6.4 (5)

	2.56
	58.88 (23)
	2.56 (1)
	7.68 (3)


2) Enhanced case: suggested values are shown as follows,
	DRX cycle length [s]
	Tmeasure,EUTRAN [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_intra
[s] (number of DRX cycles)

	0.32
	0.32 (1)
	1.28 (2)

	0.64
	0.64 (1)
	5.12 (2)

	1.28
	1.28 (1)
	6.4 (2)

	2.56
	2.56 (1)
	7.68 (2)


Table 5 summarizes the parameters to be used for high speed scenario deployments simulation.
Table 5: Simulation assumptions for Idle state in high speed scenarios
	Parameter
	Setting

	ISD (Ds)
	1000 m

	Minimum distance between eNB and railroad track (Dmin)
	100m

	Maximum node transmit power
	46 dBm

	Network synchronization
	Synchronized

	Frequency 
	2.7 GHz

	System bandwidth
	10 MHz

	Cyclic prefix
	Normal

	Channel model, UE speed
	ITU, 350 km/h

	Number of TX ( RX antennas  
	2(2

	Distance-dependent path loss
	ITU RMa LOS [referring to Table B.1.2.1-1 in TR36.814 with 3D distance between a eNB and a UE applied

	Penetration loss (for all UEs)
	20 dB

	UE distribution
	UEs uniformly dropped within a train

	DRX configuration
	320ms; 640ms; 1280ms; 2560ms; 

	Cell identification delay
	20*DRX cycles
	[5]DRX cycles when 
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Note: the specific value is based on the link level evaluation results.

	Measurement period
	4,2,1,1*DRX cycles (for 320ms, 640ms, 1280ms, 2560ms respectively)
	[1]DRX cycles (for all DRX cycles)

	Evaluation period
	16,8,5,3 DRX cycles (for 320ms, 640ms, 1280ms, 2560ms respectively)
	[2,2,2,2]DRX cycles (for 320ms, 640ms, 1280ms, 2560ms respectively)

	Reselection quantity
	RSRP
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· Basic performance metrics for the system simulations
· Outage rate

In RRC idle state, the serving cell is regarded to be in outage when the SINR is below -8 dB. Herein the outage rate is defined as: 
Outage rate = (the amount of time in outage) / (total simulation time).
· Paging loss probability
Assuming paging message could be retransmitted several times. The paging loss probability could be simply defined as:
Paging loss probability = (paging re-transmit times) power of (the outage rate).
3 Conclusion

In this paper, the link level and system level simulation assumptions are provided for evaluating RRM requirements in RRC idle mode under high speed scenarios. Based on the simulation assumption, the corresponding simulation work could be started.
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