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1 Introduction
In RAN4#74, discussion started on the study item for high speed train, and a way forward and scenarios were agreed. In this contribution we provide further views on reselection requirements.
2 Discussion

Previously, cell reselection requirements have mainly been developed based on discussion and proposals from interested companies rather than simulation campaigns. Typically the proposals are based on real life operating experience, eg from GSM and WCDMA when LTE was introduced. All RAN4 reselection tests are performed in AWGN conditions and although there has been discussion in the past on developing fading reselection requirements and test cases for both WCDMA and LTE, these have not resulted in any additional tests.

One issue which affects idle mode, and also DRX requirements in RRC connected state is UE power consumption. Typically requirements assume that UEs measure at most once per DRX cycle. Considering a UE moving at 350km/h and configured with 1.28s DRX cycle, it will move around 125 metres during the DRX off period. The idle mode intrafrequency evaluation period is 5 DRX cycles or 6.4s, during which the UE moves approximately 622 metres at 350km/h. It can easily be seen that even with large cell size, such as 3km or greater, the pathloss to the UE will change significantly during this time, and with 1-1.5km cell size, the UE could even move from cell centre to cell edge during the evaluation period. Fundamentally the issue is that 1.28s DRX is not appropriate for such a deployment, since the UE needs to be active more frequently at higher speed to maintain the connection. Shorter DRX cycles do not, however, guarantee significantly better performance, as can be seen from table 4.2.3.3-1, copied from 36.133 as the shortest possible evaluation time in idle mode is 5.12s, corresponding to 497m.

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)


Since the fundamental issue is that UEs make quite infrequent measurements in idle mode to save power, it could be beneficial to study whether enhanced requirements (meaning shorter detection, measurement and evaluation periods) would be beneficial in idle mode. Naturally, this would mean increased UE measurement activity and power consumption but this seems unavoidable to provide good idle mode reselection behaviour at 350km/h. It is anticipated that many high speed trains provide charging facilities for UEs which may partly mitigate against the increased UE power consumption. At any rate, it is likely that UE standby will not be as good when the UE is operated on a high speed train because more frequent reselections are taking place (implying more frequent decoding of neighbour cell system information) and potentially also more frequent tracking area update procedures. Therefore it seems reasonable to study the impact of shorter Tdetect, Tmeasure and Tevaluate for idle mode in high speed train environments, especially for 0.32s and 0.64s DRX cycles, where the UE is currently not required to make intra frequency measurements on every DRX opportunity.

Since it would be unfortunate to increase the power consumption of UE when configured with these DRX cycles in non high speed operation, it could be possible to enable faster measurements in idle mode for the shorter DRX cycles under network control.

Proposal 1 : The feasibility of shorterTdetect, Tmeasure and Tevaluate for idle mode in high speed train environments, especially for 0.32s and 0.64s DRX cycles is studied

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

It is proposed that the when the network indicates that a high speed train deployment is expected, the UE performs at least intrafrequency evaluation on every DRX cycle for 320ms and 640ms cycles. The additional power consumption for intrafrequency measurements is acknowledged, but on the other hand if the UE does not perform additional measurements then there is a strong possibility that it would go to out of service state quite regularly, and incur an even greater power consumption by attempting to reaquire a suitable cell (which involves, for example, reading system information).

We propose that the evaluation time for 320ms and 640 ms is 5 DRX cycles (similarly to the evaluation time for 1.28s DRX cycle) and the cell detection time is thus 20 cycles for basic cell identification + 5 cycles for evaluation. This gives the following requirements proposal

	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)
	32(25)
	1.28 (1)
	6.4 (5)

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


3 Conclusions

In this paper, we present further considerations on idle mode reselection performance for high speed train scenarios. We note that reselection performance does not scale at the shortest DRX cycles, since UE power consumptions has been prioritised over reselection mobility performance. The shortest possible cell detection time for intrafrequency cells is 11.52s and the shortest evaluation time is 5.12s. Considering that 350km/h equates to approximately 100m/s, this means that the UE would travel around 1.1km in the time taken to detect a cell, or around 0.5km  in the time taken to evaluate a cell. Considering possible high speed rail deployments and typical inter-site distances, it is quite probable that UEs will fail to reselect correctly, and my incur a higher power consumption by frequently having to reaquire the network (eg decode system information) as well as not being pageable during the period when they are reaquiring the network.

To facilitate better reselection  performance with shorter DRX cycles it is proposed

Proposal 1 : The feasibility of shorterTdetect, Tmeasure and Tevaluate for idle mode in high speed train environments, especially for 0.32s and 0.64s DRX cycles is studied

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

As a concrete proposal for further discussion, the following requirements are proposed to be evaluated for feasibility, under the assumption that network signalling is used so that there is not a power consumption impact when faster evaluations are not required.
	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)
	32(25)
	1.28 (1)
	6.4 (5)

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