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1 Introduction
Rel-14 WI [1] on performance enhancements for high speed was approved at RAN#70, and has been discussed in several RAN4 meetings. For RRM, the focus is the mobility performance with DRX, as the current DRX requirements, which are scaled with DRX cycles, are not suitable for high speed scenarios.

In RAN4#80, it was agreed that enhanced RRM requirement, assuming UE performs one sampling of cell detection and measurement, is adopted. One aspect related to enhanced requirements is to what extent the current requirement should be enhanced in order to maintain reasonable mobility performance in HST scenario. To evaluate this, system level simulation assumptions were agreed in [2] for connected mode, and we have provided simulation results in previous meetings. Another aspect is under which side condition the enhanced requirements should be defined.
In this paper, we will provide further system level simulation results for HST mobility with DRX, mainly to compare the two options of side conditions for enhanced requirements.     

2 Discussion
The system level simulation is conducted based on the parameters listed in Table 1. The simulation is for connected mode only. 
Table 1: System level simulation assumptions
	Parameters
	Value
	Comments

	Cell layout
	6 cells
	3 sites; 2 cells per site

2 wrap-around areas from the left and from the right

	Network synchronization
	Synchronized
	

	Inter-site distance (Ds)
	1000 m
	

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

	Carrier frequency
	2.0 GHz
	

	Antenna deployment
	40 degrees horizontal
6 degrees down-tilt
	

	Antenna configuration
	3D antenna, 1x2 SIMO in DL

Isotropic, 1x2 SIMO in UL
	

	Receiver types
	MRC in DL

MRC in UL
	

	Antenna gain
	BS: 17dBi
UE: 0dBi
	

	Antenna height
	BS: 35m
UE: 1.5m
	

	User speed
	350km/h (97.2m/s)
	

	UE distribution
	All UEs are generated consecutively in the left most point with the scenario in 2 seconds (350 km/h, 30 UE/s).
	This is analogical of generating UEs in the train of 200m length.

	Number of UEs
	63
	

	User mobility model
	Constant speed, wrap around
	

	Distance-dependent path loss
	Simple logarithmic
	128.1+37.6log10(d) dB

	Penetration loss
	20 dB
	

	Slow fading/Shadowing 
	Not used
	

	Fast fading 
	Not used
	

	Traffic type
	No data traffic in UL and DL
	One packet is sent only in the beginning and in the end of simulations

	Background load
	Fixed as 0, 25%, 50%
	x

	Cell detection delay 
	Option 1): PSS/SSS detection delay shall be within 5* DRX cycles when SINR>=-6dB; 
Option 2): PSS/SSS detection delay shall be within 1*DRX cycles when SINR>=0dB; 
	x

	L1 measurement period
	Option 1): Measurement period shall be within 3* DRX cycles when SINR>=-6dB;

Option 2): Measurement period shall be within 2* DRX cycles when SINR>=0dB
	x

	T310
	1s
	

	T312
	Disabled
	

	HO
	A3-based
	

	A3 event parameters
	Hysteresis: 0

Threshold: 2 (non-DRX), 0 (DRX)

Time To Trigger: 0 ms
	

	HO Preparation delay
	Constant delay of 50ms
	

	L3 filtering
	OFF
	

	DRX
	Long cycle values: OFF, 160ms, 320ms, 640ms
	Other parameters:

DRX.inactivityTimeInTTIs: 10

DRX.onDurationInTTIs: 5

	RACH parameters
	Constant delay of 40ms
	

	RRC measurement quantity
	RSRP
	

	RSRP Measurement Error Std.
	2dB
	Random error of +-2dB with a normal distribution is added to the RSRP measurement of each cell.

	Threshold Qout,SNR
	-8 dB
	

	Threshold Qin,SNR
	-6 dB
	

	RRC messages sent over the air
	HO command, HO complete

Measurement report

Re-Establishment (request, response, complete)
	

	RLM evaluation period
	10 DRX cycles
	Per requirements in 36.133

	Simulation time
	30min
	The results stabilized in our simulation when simulation time is over 30min.


Compared to our previous simulation [3], we have updated the modelling of background load to use a fixed (as simulation parameter) loading factor. Compared to the variable loading factor that is depending on the number of UEs connected to the cell, the fixed loading factor will provide stable interference and thus is more predictable, and better fit for the analysis of different detection and measurement options.

In addition, we updated the cell detection delay and measurement delay according to the following 2 options.

Option 1: PSS/SSS detection delay shall be within 5* DRX cycles when SINR>=-6dB; Measurement period shall be within 3* DRX cycles when SINR>=-6dB, with legend 5-3 in the simulation results

Option 2: PSS/SSS detection delay shall be within 1*DRX cycles when SINR>=0dB; Measurement period shall be within 2* DRX cycles when SINR>=0dB, with legend 1-2 in the simulation results

The metrics used in the simulation include

· HO success rate: per call per second

· Ratio of ping-pongs: number of ping-pongs over the number of successful HOs
· HO failure ratio: number of failed connection attempts (HOF+RLF) over the total number of connection attempts (HO+ HOF+RLF)
· Ratio of outage: outage (serving cell SINR below -8dB) time plus the time when UE is in HO or idle over the total simulation time

The simulation results with different cell detection and measurement options are shown, with different DRX cycles and background load. Figure 1-4 are for HO success rate, ping-pong ratio, HO failure ratio and outage ratio respectively. 
From Figure 1 and 3, it can be seen that the HO related performances are very good with both options, with all DRX cycles up to 640ms and all background loading factor. There is only a very small percentage of HO failure (1.5%) in the worst case of 640ms DRX and 50% loading, with option 1).
However, if we look at Figure 4, we can find that even there is almost no HO failure, we cannot claim good mobility performance as the HO is still late which causes UE in outage state. As RLM evaluation period is as long as 10 DRX cycles according to current requirements in 36.133, RLF is not triggered even HO is late. UE can be in outage state in 60% of the time in the worst case of 640ms DRX and 50% loading, with option 1). 
Also from Figure 4, it can be seen that although the HO related performances are very similar with both options, option 2) can lead to better user experience as UE outage ratio is much less compared to option 1).

Another interesting observation is in Figure 2, where we can find there are ping-pongs even in the HST scenario. One reason is that in HST scenario the HO related parameters (Hysteresis, Threshold and TTT) are usually set aggressively, but the short measurement time in option 2) (i.e. 2 instead of 3 or 5) will make the filtered RSRP for serving and neighboring cells become closer to each other and less reliable in the middle between the cells. This may be something RAN4 should consider when defining the exact enhancement requirements for HST.
Observation 1: UE could be in outage state with long DRX and certain background interference, even the HO related performance are good.
Observation 2: Option 2) (high SINR side condition) performs better than option 1).
Observation 3: There are ping-pongs with option 2). 
[image: image1.png]0.35

0.30

R_SUCCESS_PerCallPerSecond
o
N
&

MobilityStats/HANDOVE!
° ° °
S [ o
3 5 &

o
o
5}

DRX: 0

DRX: 160

DRX: 320

DetPeriod:1-2, Load:0,
DetPeriod:1-2, Load:25,
DetPeriod:1-2, Load:50,
DetPeriod:5-3, Load:0,
DetPeriod:5-3, Load:25,
DetPeriod:5-3, Load:50,

DRX: 640





Figure 1: HO success rate
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Figure 2: Ratio of ping-pong
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Figure 3: HO failure ratio (%)
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Figure 4: Ratio of outage per call (%)
3 Conclusions 

In this paper, we provided further system level simulation results for HST scenario for connected mode. 
Specifically, we have the following observations:

Observation 1: UE could be in outage state with long DRX and certain background interference, even the HO related performance are good.
Observation 2: Option 2) (high SINR side condition) performs better than option 1).

Observation 3: There are ping-pongs with option 2).  
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