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1 Introduction
In this contribution, both link level and system level simulation assumptions are provided for connected mode under high speed scenarios. The purpose of link level simulation is to validate whether UE has the capability to meet the enhanced cell identification delay and measurement requirements. The purpose of system level simulation is to validate whether the mobility performance could be guarantee with the enhance requirements in connected state. The evaluation work from interested companies would be highly welcome.

2 Simulation assumptions
2.1 Link level simulation assumptions

2.1.1 Cell identification

From UE implementation view, the cell identification behaviour is the same for idle and connected mode. Herein the cell identification assumptions for connected could directly refers to those for idle mode [1].
2.1.2 Measurement accuracy
In DRX, it is realistic to assume that UE would wake up to perform measurement once per DRX cycle. So in the simulation assumption, 2 DRX cycle means 2 measurement samples and so on. 
· Side conditions

· SNR: {-6} dB
· Measurement bandwidth

· Measurement bandwidth：{6RBs}

· DRX cycles

· {0.32, 0.64,1.28, 2.56}s
The link simulations assumptions for RSRP and RSRQ are shown in Table 1.

Table 1: Simulation parameters for measurement

	Parameters
	Value
	Comments

	Measurement bandwidth
	6 resource blocks
	Both RSRP and RSSI measured over 6 RB

	L1 measurement period
	2*DRX cycles;

3*DRX cycles;

4*DRX cycles;
	To be varied

	Measurement sampling rate
	-
	Assuming measurement once per DRX cycle

	L3 filtering
	disabled
	

	Transmit antenna
	1
	

	Receive antennas
	2
	The receive diversity rule as defined in TS 36.214. Both antennas with equal gain, no correlation between them.

	DRX/DTX
	OFF
	DRX/DTX to be considered at later stage

	Propagation conditions
	AWGN; EVA300; EVA600; EVA875; HST875
	AWGN for alignment purpose

	CP Length
	Normal
	

	Frequency band
	2.7 GHz
	

	Ês/Iot
	-6 dB
	


· Performance Metrics

The CDF curves are to be provided for:
Delta RSRP   = (estimated RSRP – ideal RSRP) 
[dB]  

Delta RSRQ  = (estimated RSRQ – ideal RSRQ) [dB]  

2.2 System level simulation assumptions
· 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
· Definition of states 
In this simulation, four states are defined for purpose of modelling as follows:

· State 0: Before event entering condition is satisfied;
· State 1: After event entering condition is satisfied but before the measurement report is successfully sent by UE;

· State 2: After the measurement report is successfully sent by UE but before handover command is successfully received by UE;

· State 3: After the handover command is received by the UE, but before the handover complete is successfully sent by the UE
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Figure 2: Definition of states

· Cell identification time
A neighbour cell is considered to be identified only when SINR is above -6dB within a consecutive time which can be defined as cell identification time.
· The cell identification time is based on the simulation results derived from link level simulation.
· L1 measurement period

After a cell is detected, UE shall be capable of performing measurement procedure. Two sets of measurement period are assumed:
· Existing measurement period: using 5 DRX cycles
· Enhanced measurement period: based on the simulation results derived from link level simulation.
· Handover Mobility configuration

Handover processes procedure shall be modelled, and event-triggered reporting with Event A3 is used.
· Event A3 Parameters: HO offset = 0 dB, Time To Trigger = [0] ms
· Event A3 measurement quantity: RSRP
· Handover delays

· HO preparation delay = 50 ms (i.e. time it takes eNB to construct HO command)

· HO execution delay = 40 ms (i.e. time it takes until UE is ready to transmit HO complete in new cell after handover)

· Measurement reports, HO commands HO completes are modelled as RRC messages (i.e. they may be lost and HO command may be retransmitted)

· RLM modelling

Radio link monitoring (RLM) procedure shall be modelled.
· RLM parameters
· Out-of-sync: Qout,SNR = -8 dB
· In-sync: Qin,SNR = -6 dB
· Counter: N310 = 1, N311 = 1
· Timer: T310 = 0 second; 1 second
· RRC connection re-establishment modelling
According to definition in TS 36.331 [2], the RRC connection re-establishment procedure was initiated due to radio link failure (RLF) or handover failure. Based on the field data and practical testing data, the RRC re-establishment procedure may take more than 1 second. For simplicity, RRC connection re-establishment delay is modelled with a constant delay.
· RRC re-establishment delay = 1 second
Table 1 summarizes the parameters to be used for high speed scenario deployments simulation assumptions.
Table 1: Simulation assumptions for 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

	DRX
	On

	DRX configuration
	160ms, 320ms, 640ms

	Cyclic prefix
	Normal

	Channel model, UE speed
	ITU, 350 km/h

	Number of TX ( RX antennas  
	2(2

	
	

	Traffic model
	Full buffer, full load

	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 (200m length)

	Cell identification delay
	Based on the link level evaluation results

	Measurement period
	· Existing case: 5 DRX cycles
· Enhanced case: Based on the link level evaluation results

	Measurement quantity
	RSRP

	HO preparation delay
	50 ms

	HO execution delay
	40 ms

	RRC re-establishment delay
	1 second

	HO offset
	0 dB

	Time To Trigger
	0 ms

	Threshold Qout,SNR
	-8 dB

	Threshold Qin,SNR
	-6 dB

	N310
	1

	N311
	1

	T310
	0 second; 1 second


· Performance Metrics

The following are proposed as performance metrics for all the simulations:
· Handover failure rate

A handover failure is counted if one of the following criteria is met,

· RLF is declared in the state 1; or

· Measurement report is not successfully sent by UE; or

· RLF is declared in the state 2; or

· HO complete is not successfully sent 

The handover failure rate is defined as: 
Handover failure rate = (number of handover failures) / (Total number of handover attempts).
The total number of handover attempts is defined as: 
Total number of handover attempts = number of handover failures + number of successful handovers. 
· RRC connection re-establishment rate

A RRC connection re-establishment is counted if one of the following criteria is met ,

· Radio link failure occurs; or

· Handover failure occurs;

The RRC connection re-establishment rate is defined as:

RRC connection re-establishment rate= (number of RRC connection re-establishment)/ (Total number of RRC connection attempts)

The number of RRC connection re-establishment is defined as:

Number of RRC connection re-establishment= (number of RLF in state 0+ number of handover failure)

The total number of RRC connection attempts is defined as:

RRC connection attempts = (number of RRC connection re-establishment+ number of successful handovers)
3 Conclusion

In this paper, the detailed link level and system level simulation are provided. Based on the simulation assumption, the corresponding simulation work could be started.
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