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1 Introduction

The following-up WI of performance enhancement of high speed scenarios was approved in RAN#70 plenary [1]. One of the objectives is,
· 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, we provide our analysis on the candidate solutions proposed in SI phase.
2 Discussion
Some candidate solutions were captured in HST technology report TR36.878. According to the WID, the evaluation work shall not exceed the identified candidate solutions in SI phase. The candidate solutions are duplicated as below.

	· RRM in DRX for idle mode:

The existing latency requirements under DRX configuration for idle mode are not suitable for high speed scenario;
· Candidate solution 1: tightening UE requirements (Huawei [R4-154763])
· Candidate solution 2: providing the indication to UE and when UE is operating in the high speed UE should follows the tightened requirements (Ericsson [R4-154562]).

Other solutions are not precluded.


 Proposal1: The evaluation work of WI shall not exceed the identified candidate solutions in SI phase.
The difference of solution 1 and solution 2 is whether signaling is needed. In idle state, network provides dedicated signaling to UE only during two cases, that is during UE attach procedure and TA update procedure. But the two procedures can’t happen frequently. In current specification, the signaling by system information is cell specific. So the question is how to inform UE which is in the high speed scenario to follow the tighten requirements. 
Proposal 2: It needs to be understood that how to inform UE which is in idle mode and in the high speed scenario to follow the tighten requirements.
The common viewpoint of solution 1 and solution 2 is tightening UE requirements in idle state. In the following some performance evaluations are carried out and try to find appropriate enhanced requirements.
2.1 Simulation assumption
Passengers are uniform randomly placed in a train, and UEs are moving along the railroad track. Cells are distributed along the tracks.
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Figure 1: cell deployment for high speed scenarios

Neighbour cell shall be detected when SINR of the cell is equal to and larger than -6dB. For a cell that has been already detected, but that has not been reselected to, UE shall be capable of evaluating that the cell has met reselection criterion defined in TS 36.304 within Tevaluate. In current specification, Tdetect, T measure, Tevaluate are defined as follows taking intra-frequency as an example.
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)


The cell detection time in 2nd column is comprised of cell evaluation time in 4th column and cell identification time that is 20*DRX cycle length. 
· Cell identification time

A cell is considered detected after the cell identification time has passed. The SINR of the cell shall be above -6dB during the entire time of cell identification. In this simulation, two sets of cell identification time are configured: 
1) Existing case: 20*DRX cycle length (follows the existing requirement as Table 4.2.2.3-1 in TS 36.133); 
2) Enhanced case: 
· 5*DRX cycle length when 
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. In TS 36.133, the side condition for cell identification is -6dB.The cell identification delay in DRX is defined in Table 8.1.2.2.1.2-1 which is minimum requirements. In practical, UE is able to identify a cell faster than the minimum requirements. We think that a cell could be identified within 5DRX cycles when
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in practical.
· 1*DRX cycle when
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.Recalling LAA, plentiful simulation works have been carried out on cell identification delay. Simulation results from majority companies showed that the cell could be identified one shot when
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.Applying this conclusion to high speed scenario, we think it is reasonable to reduce cell identification delay to 1 shot when
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. Furthermore in high speed scenario, the train moving is along the track, so the SINR is considerable high when UE is approaching the target cell.

· Cell evaluation period

In TS 36.304, the cell ranking criterion is defined as follows,
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In this simulation, the evaluation criterion only considers RSRP quantity, 
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is set to 0dB, and
[image: image9.wmf]offset

Q

is set to 0dB. R criterion shall be satisfied during the entire Tevaluate period. In this simulation, two sets of cell evaluation time are configured: 

1) Existing case: follows the existing requirement as Table 4.2.2.3-1 in TS 36.133; 
2) Enhanced case: an example is shown in the followings,
	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 1 shows the main parameters for the high speed scenario with DRX.

Table 1 Assumptions for system level evaluation

	Parameter
	Values used for evaluation

	ISD (Ds)
	1000 m

	Minimum distance from eNB to railroad track (Dmin)
	100m

	Antenna height
	35m

	Antenna
	2(2

	Propagation model
	ITU RMa LOS refer to TR36.814

	UE dropping
	UEs randomly and uniformly dropped within a train (200m length)

	UE speed
	350km/h

	System BW
	10 MHz

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

	Cell identification delay
	20*DRX cycles (for all DRX cycles)
	· 5DRX cycles (for all DRX cycles)when 
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· 1DRX (for all DRX cycles)when 
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	Measurement period
	4,2,1,1*DRX cycles (for all DRX cycles)
	1DRX 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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· Performance Metrics
In RRC idle state, the serving cell is regarded to be in outage when the SINR is below -8dB. Outage is defined as the amount of time over the overall simulation time.
2.2 Simulation results
Simulation results are shown in Table1 and Figure 1.
Table1. Outage rate in idle state

	DRX cycle
	Outage rate based on existing requirements
	Outage rate based on enhanced requirements

	320ms
	90.25%
	6.60%

	640ms
	90.94%
	14.78%

	1280ms
	91.71%
	45.55%

	2560ms
	96.04%
	85.95%
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Figure 1. Outage rate in idle state
Based on the simulation results, the below observation could be obtained,

Observation1: The performance is very bad when the existing cell detection delay, measurement period and evaluation period are applied. 
When the enhanced requirements including cell detection, measurement and evaluation time are applied, the outage rate is 6.6% and 14% respectively when the DRX cycle is 320ms and 640ms. Although the outage rate seems not low, it doesn’t directly affect the paging loss rate since paging message can be re-transmitted. Herein using a simple model and assuming the paging transmission follows uniform distribution, paging message is re-transmit 2 times and 3 times, the paging loss probability is shown in Table 2.
Table 2. Characteristic of paging loss probability when enhanced requirements are applied
	DRX cycle
	2 times paging re-transmission 
	3 times paging re-transmission

	320ms
	0.4356%
	0.0287%

	640ms
	2.1845%
	0.3229%

	1280ms
	20.748%
	9.4507%

	2560ms
	73.874%
	63.4947%


Based on the paging loss probability, the below observation could be obtained,
Observation 2: From paging loss probability point of view, at least the DRX cycle of 320ms and 640ms could be applied with the enhanced RRM requirements under high speed scenarios.
3 Conclusion

In this contribution the enhanced RRM requirements are discussed. The following observations are provided,
Proposal1: The evaluation work of WI shall not exceed the identified candidate solutions in SI phase.
Proposal 2: It needs to be understood that how to inform UE which is in idle mode and in the high speed scenario to follow the tighten requirements.
Observation1: The performance is very bad when the existing cell detection delay, measurement period and evaluation period are applied.

Observation 2: From paging loss probability point of view, at least the DRX cycle of 320ms and 640ms could be applied with the enhanced RRM requirements under high speed scenarios.
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