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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#78bis, companies continued the analysis on the candidate solutions identified during the SI phase. The solution to enhance RRM requirements was considered as the most important one, as it can help to improve the mobility performance in high speed without heavily affecting UE power consumption, which motivates the use of DRX. 
One aspect related to enhanced requirements is to what extent the current requirement should be enhanced in order to maintain reasonable mobility performance in high speed scenario. To evaluate this, system level simulation assumptions were agreed in [2] and [3] for connected idle mode, respectively.
We have provided initial system level results in [4], and in this paper, based on [2] we will provide updated results for high speed scenario.    
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
	0, 25%, 75%
	

	Cell detection delay 
	Existing case: 15 DRX cycles

Enhanced case: 5 DRX cycles

Further enhanced case: 5 DRX cycles for 0>SINR>=-6dB and 1 DRX cycle for SINR>=0dB
	

	L1 measurement period
	Existing case: 200 ms for no DRX; 5 DRX cycles when DRX is used

Enhanced case: 120ms for no DRX; 3 DRX cycles when DRX is used
	

	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
	20 DRX cycles
	This is much longer than minimum requirement in 36.133, and set as such in order to observe the problem of late HO.

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


The simulated scenario is same as depicted in [2]. In the simulations, the antenna configuration used is 40 degrees for horizontal direction and 6 degrees for down-tilt. It is found that the configuration has considerable impact on the received signal strength from the serving cell and also interfering cells. We didn’t optimize the configuration, so the mobility performance may be different with some other configurations. The logarithmic path-loss model is used without shadowing or fast fading. 
T312 is disabled, as the current discussions are focused on detection and measurement requirements, while we can study the impact of T312 when discussing RLM requirements for high speed.
Compared to [4], cell detection delay is decoupled from measurement period in the simulation. Three cases of detection delay are simulated: existing, enhanced and further enhanced, as described in Table 1. Two measurement periods are simulated: existing and enhanced. A random error with 2dB std. is added to each measurement. 
Another difference compared to [4] is the background load. As we will show below, the background load will significantly impact the SINR for control messages sent over the air, and thus the mobility performance. 
The metrics used in the simulation include

· HO failure ratio: number of failed connection attempts (HOF+RLF) over the total number of connection attempts (HO+ HOF+RLF)

· HO success rate: per call per second

· Radio link failure rate: per call per second
· 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
Besides, above basic mobility performance metrics, we will also show
· SINR for DL control messages with different background loads,

· Trace of RSRP and RLM SINR with different detection delays.

Figure 1 shows SINR for DL control messages with different background loads. It can be seen that without background load (Figure 1(a)) the DL SINR when HO command is sent to UE is quite good, even with existing detection delay. However, with 25% or 75% background load (Figure 1(b)), the interference from neighbor cells will cause significant degradation of DL SINR, and lead to a lot of HO failures. In the high speed scenario under simulation, it is very likely that the neighboring cells are not scheduling any data in DL, so zero background load is reasonable. In the following results, we are assuming zero background load. 
Observation 1: Interference from neighbor cells have significant impact on probability of HO success.
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Figure 1: SINR for DL control messages with different background loads
Figure 2 shows the comparison of HO delay with different detection delay with 160ms DRX cycle. In the simulation, UE passes through base station site at 5s, 15s, 25s, and so forth. Ideally the HOs should take place at 5s, 10s, 15s, 20s, and so forth. However, due to the delay caused by cell detection, measurement and control message delivery, the HO happens later than expected. In Figure 2(a) where the detection delay is 15 DRX cycles, the HO to cell 2 takes place at 8s, and considering the fact cell radius is 500m and that UE speed is 100m/s, UE already travels 300 in the coverage of cell 2 before it is really HOed to cell 2. There will definitely be radio link problems if UE stays such long in cell 1, thus causing RLF (in the simulation the RLM evaluation period is 20 DRX cycle, and that avoids a lot of RLFs). In comparison, in Figure 2(b) where the detection delay is 5 DRX cycles, the HO from cell 1 to cell 2 happens at 6.5s, 1.5s advanced compared to 15 DRX cycle detection delay. As 1.5s is roughly same as (15-5) DRX cycles, it is clear that the HO delay is directly caused by detection delay, and enhancing the detection delay requirement will help to improve the mobility performance.
Observation 2: Even with 160ms DRX cycle, the HO delay is directly caused by cell detection delay.
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Figure 2: RSRP trace with different detection delays (160ms DRX cycle)
Next, we will show the mobility performance metrics with different detection delay and measurement period. Figure 3-6 show the HO failure ratio, HO success rate, RLF rate and outage ratio respectively. It can be seen that the mobility performance can be considerably improved when detection delay is reduced from 15 to 5 DRX cycles. Also reducing the measurement period from 5 to 3 DRX cycles can also help, e.g. with 320 DRX cycle and detection delay of 5 DRX cycles. However, the further enhancement of cell detection delay (i.e. 1 DRX cycle when SINR is >=0dB) is not causing big difference, so the impact should be further studied. 
Observation 3: Mobility performance can be considerably improved when detection delay is reduced from 15 to 5 DRX cycles, reducing the measurement period from 5 to 3 DRX cycles can also help, while the impact of further reducing the cell detection delay to 1 DRX cycle needs further study.
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Figure 3: HO failure ratio
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Figure 4: HO success rate
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Figure 5: RLF rate
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Figure 6: Ratio of outage
3 Conclusions 

In this paper, we provided system level simulation results for high speed scenario for connected mode. Compared to our previous results, we updated the modelling of cell detection delay, and used the new assumption of zero background load. We analysed the detailed HO locations and compared the mobility performance with different detection delay and measurement period. Specifically, we have the following observations:
Observation 1: Interference from neighbor cells have significant impact on probability of HO success.

Observation 2: Even with 160ms DRX cycle, the HO delay is directly caused by cell detection delay.
Observation 3: Mobility performance can be considerably improved when detection delay is reduced from 15 to 5 DRX cycles, reducing the measurement period from 5 to 3 DRX cycles can also help, while the impact of further reducing the cell detection delay to 1 DRX cycle needs further study. 
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