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1 Introduction
In earlier contributions such as [1], we have proposed
Proposal 1 : Shorter intrafrequency Tdetect, Tmeasure and Tevaluate for idle mode in high speed train environments, especially for 0.32s and 0.64s DRX cycles are considered to be beneficial

Proposal 2 : To prevent increased UE power consumption, the shorter requirements studied in proposal 1 are assumed to be enabled under network control.

Proposal 3 : Interfrequency and interRAT Tdetect, Tmeasure and Tevaluate are also considered.
One request which was made in RAN4#75 was to provide further analysis of the benefit of this proposal related to paging outage. In this contribution, we provide some results based on a semi-analytic model of pathloss.
2 Discussion

Table 1 shows the main parameters for the scenario modelled. 
	Parameter
	Value

	Inter-site distance,Ds
	1000m

	Distance from eNB to track ,Dmin
	300m

	UE Speed
	350km/h

	UE DRX cycle
	0.32s,0.64s,1.28s,2.56s

	UE measurement processing
	Linear domain averaging with sliding window of length Eval1, Eval2

	Eval1 (DRX cycles) (as per existing 36.133)
	16,8,5,3 DRX cycles (for 320ms, 640ms, 1280ms, 2560ms respectively)

	Eval2 (DRX cycles) (proposal for 36.133 in high speed train deployment)
	5,5,3,3 DRX cycles(for 320ms, 640ms, 1280ms, 2560ms respectively)

	Reselection metric
	RSRP

	SNR Outage threshold
	-6 dB

	Hysteresis Qhyst
	1 dB

	Pathloss model where d is the eNB to UE separation in km
	128.1+37.6log10(d) dB


Table 1 : Main simulation parameters
UEs move from one serving cell to the adjacent neighbour cell and UE measurements are evaluated based on pathloss, and modelling the evaluation period. Serving cell SINR is also evaluated, and a number of additional cells other than the serving and neighbour cell are modelled for interference purposes.  Reselection occurs when the neighbour cell becomes Qhyst better than the serving cell. The serving cell is deemed to be in outage when the SINR is below a certain threshold (-6dB was used in the evaluation in this contribution).
Results for outage are shown in table 2

	DRX cycle length
	Eval1 (DRX cycles)
	Eval2 (DRX cycles)
	Outage rate based on evaluation time eval1
	Outage rate based on evaluation time eval2

	0.32
	16
	5
	16%
	0%

	0.64
	8
	5
	8.33%
	0%

	1.28
	5
	3
	14.29%
	0%

	2.56
	3
	3
	25%
	25%


Table 2 : Results from simulation
Based on these results, we make two main observations
Observation 1 : 2.56s DRX cycle is not suitable for this deployment with either DRX cycle. This is not surprising because the UE transitions the cell site within approximately 4 DRX cycles

Observation 2 : Significant outage occurs for all other DRX cycles based on the existing RAN4 requirement (Eval1)

In view of the results, we propose

Proposal 1 : Shorter intrafrequency Tdetect, Tmeasure and Tevaluate for idle mode in high speed train environments, especially for 0.32s and 0.64s DRX cycles are considered to be beneficial

Proposal 2 : To prevent increased UE power consumption, the shorter requirements studied in proposal 1 are assumed to be enabled under network control.

Proposal 3 : Interfrequency and interRAT Tdetect, Tmeasure and Tevaluate are also considered.
An example of enhanced requirements is shown in table 3 for intrafrequency requierments. Similar enhancement would be expected for interfrequency and interRAT requirements. The key point is that the UE measures on every DRX cycle not just for the longer DRX cycles, but also the shorter ones, when a high speed train deployment is indicated by higher layer signalling. 
	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)
	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)

	High speed train deployment not indicated by higher layer signalling
	High speed train deployment indicated by higher layer signalling

	0.32
	11.52 (36)
	1.28 (4)
	5.12 (16)
	8(25)
	0.32 (1)
	1.6 (5)

	0.64
	17.92 (28)
	1.28 (2)
	5.12 (8)
	16 (25)
	0.64 (1)
	3.2 (5)

	1.28
	32(25)
	1.28 (1)
	6.4 (5)
	28.16(22)
	1.28 (1)
	3.84 (3)

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


Table 3: Enhanced Tdetect, Tmeasure and Tevaluate proposal for intrafrequency idle mode measurements.
Compared with our earlier proposal in [1], we have also shortened the evaluation time with 1.28s DRX cycle to avoid paging reception outage, (from 5 DRX cycles to 3 DRX cycles) but the exact numbers should still be discussed in RAN4.
3 Conclusions

In this contribution we provide results for paging outage in a high speed train scenario, using analysis of pathloss. Based on these results, we make two main observations

Observation 1 : 2.56s DRX cycle is not suitable for this deployment with either DRX cycle. This is not surprising because the UE transitions the cell site within approximately 4 DRX cycles

Observation 2 : Significant outage occurs for all other DRX cycles based on the existing RAN4 requirement (Eval1)

In view of the results, we propose

Proposal 1 : Shorter intrafrequency Tdetect, Tmeasure and Tevaluate for idle mode in high speed train environments, especially for 0.32s and 0.64s DRX cycles are considered to be beneficial

Proposal 2 : To prevent increased UE power consumption, the shorter requirements studied in proposal 1 are assumed to be enabled under network control.

Proposal 3 : Interfrequency and interRAT Tdetect, Tmeasure and Tevaluate are also considered.
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