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1 Introduction

In [1], RAN2 has informed RAN4 about the following decisions regarding eDRX.

___ ___ ___

RAN2 would like to notify RAN4 that the following agreements have been reached regarding extended DRX for LTE: 

1. For connected mode, the DRX cycle is extended up to 10.24s.

2. For idle mode, the DRX cycle is extended past the current SFN limit of 10.24s, and the extended value range is in the order of minutes.
The detailed configurations (e.g. connected mode DRX cycle values between 2.56s and 10.24s) have not been decided yet. RAN2 would also like to point out that RAN2 does not plan to change mobility procedures.
___ ___ ___

In this contribution, we discuss the impact on UE requirements in RRC_IDLE state when extended DRX is configured.

2 Discussion

To enable more efficient battery savings in LTE UEs, extended DRX cycles have been introduced for both RRC_CONNECTED and RRC_IDLE states. With extended DRX (eDRX) concept, a UE in RRC_IDLE is using extended DRX cycles each comprising paging hyper frames (indicated by H-SFN) where the UE can be paged within a paging window (with periodicity TeDRX) and the rest of the cycle where the UE can be in a deep sleep. During each such paging window, the UE can be further configured with legacy DRX cycles (with periodicity TDRX).
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Figure 1. eDRX operation in RRC_IDLE.

Many requirements are dependent on how frequent and for how long the UE is in an active state. It is therefore important to understand whether there is any impact of using eDRX on the existing requirements. However, first, the scope of the potentially affected requirements has to be decided.

The following requirements are currently specified for RRC_IDLE:
· Cell selection

· Cell reselection and measurements (intra-frequency, inert-frequency, inter-RAT), including requirements for Incmon
· MDT
· ProSe

· Proposal 1: Specify eDRX requirements for cell reselection. RAN4 to discuss whether Incmon requirements need to be covered by eDRX requirements too.
The existing MDT requirements apply with and without DRX, so the same requirements could also apply with eDRX.
· Proposal 2: Specify eDRX requirements for MDT, the same requirements should apply without DRX, with DRX and with eDRX.

· Proposal 3: Do not specify eDRX requirements for ProSe.

· Proposal 4: Combining samples over multiple eDRX paging windows should not be assumed in the new requirements. teDRX should be large enough to allow the UE to meet the new  requirements within a single eDRX paging window.

2.1 New requirements with eDRX
2.1.1  Cell reselection 
2.1.1.1 Higher priority search

The current requirement for higher-priority search is that

The UE shall search every layer of higher priority at least every Thigher_priority_search = (60 * Nlayers) seconds, where Nlayers is the total number of configured higher priority E-UTRA, UTRA FDD, UTRA TDD, CDMA2000 1x and HRPD carrier frequencies and is additionally increased by one if one or more groups of GSM frequencies is configured as a higher priority.

· Proposal 5: The search occasions have to be adapted to align with paging windows and the search periodicity may be adapted to be a multiple of TeDRX.
2.1.1.2 Serving cell evaluation

Note that the UE in RRC_IDLE searches and evaluates cells using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information for 10 s, after which the UE shall initiate cell selection procedures for the selected PLMN.

· Proposal 6: Depending on the paging window length, the current maximum limit of 10 seconds for cell search and evaluation may need to be distributed over multiple consecutive paging windows (when the paging window is smaller than 10 seconds).
The evaluation of the serving cell is done in Nserv consecutive DRX cycles as listed in Table 1 below.
Table 1: Current Nserv (36.133, Table 4.2.2.1-1)
	DRX cycle length [s]
	Nserv [number of DRX cycles]

	0.32
	4

	0.64
	4

	1.28
	2

	2.56
	2


· Proposal 7: In new eDRX requirements, Nserv is 2 DRX cycles for all DRX cycle lengths, which should preferably be limited to one eDRX cycle.
2.1.1.3 Intra-frequency measurements

The existing intra-frequency measurement requirements are as shown in Table 2.
Table 2: Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra and Tevaluate, E-UTRAN_intra (36.133, Table 4.2.2.3-1)
	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)


· Proposal 8: In new intra-frequency eDRX requirements, 
· Tmeasure,EUTRAN_Intra is 1 DRX cycle for all DRX cycle lengths, 

· Tevaluate,E-UTRAN_intra is 3 DRX cycles for all DRX cycle lengths, which should preferably be limited to one eDRX cycle, and

· Tdetect,EUTRAN_Intra  needs further discussion.
2.1.1.4 Inter-frequency measurements

In the existing inter-frequency requirements, the UE shall be able to evaluate whether a newly detectable inter-frequency cell in normal performance group meets the reselection criteria defined in TS36.304 within Kcarrier,normal * Tdetect,EUTRAN_Inter, and able to evaluate whether a newly detectable inter-frequency cell in reduced performance group meets the reselection criteria defined in TS36.304 within 6 * Kcarrier,reduced * Tdetect,EUTRAN_Inter. The currently specified Tdetect,EUTRAN_Inter, Tmeasure,EUTRAN_Inter and Tevaluate,E-UTRAN_Inter are as shown in Table 3 below.
Table 3: Tdetect,EUTRAN_Inter, Tmeasure,EUTRAN_Inter and Tevaluate,E-UTRAN_Inter (36.133, Table 4.2.2.4-1)
	DRX cycle length [s]
	Tdetect,EUTRAN_Inter [s] (number of DRX cycles)
	Tmeasure,EUTRAN_Inter [s] (number of DRX cycles)
	Tevaluate,E-UTRAN_Inter
[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)


· Proposal 9: In new inter-frequency eDRX requirements, 

· Tmeasure,EUTRAN_Inter is 1 DRX cycle for all DRX cycle lengths, 

· Tevaluate,E-UTRAN_inter is 3 DRX cycles for all DRX cycle lengths, which should preferably be limited to one eDRX cycle, and

· Tdetect,EUTRAN_Inter  needs further discussion.

2.1.1.5 Inter-RAT measurements
The currently specified inter-RAT requirements are as shown in Tables 4-8 below.
Table 4: TdetectUTRA_FDD, TmeasureUTRA_FDD, and TevaluateUTRA_FDD (36.133, Table 4.2.2.5.1-1)
	DRX cycle length [s]
	TdetectUTRA_FDD [s]
	TmeasureUTRA_FDD [s] (number of DRX cycles)
	TevaluateUTRA_FDD
[s] (number of DRX cycles)

	0.32
	30
	5.12 (16)
	15.36 (48)

	0.64
	
	5.12 (8)
	15.36 (24)

	1.28
	
	6.4(5)
	19.2 (15)

	2.56
	60
	7.68 (3)
	23.04 (9)


Table 5: TdetectUTRA_TDD, TmeasureUTRA_TDD and TevaluateUTRA_TDD (36.133, Table 4.2.2.5.2-1)
	DRX cycle length [s]
	TdetectUTRA_TDD [s]
	TmeasureUTRA_TDD [s] (number of DRX cycles)
	TevaluateUTRA_TDD
[s] (number of DRX cycles)

	0.32
	30
	5.12 (16)
	15.36 (48)

	0.64
	
	5.12 (8)
	15.36 (24)

	1.28
	
	6.4(5)
	19.2 (15)

	2.56
	60
	7.68 (3)
	23.04 (9)


Table 6: Tmeasure,GSM, (36.133, Table 4.2.2.5.3-1)
	DRX cycle length [s]
	Tmeasure,GSM [s] (number of DRX cycles)

	0.32
	5.12 (16)

	0.64
	5.12 (8)

	1.28
	6.4(5)

	2.56
	7.68 (3)


Table 7: TmeasureHRPD and TevaluateHRPD (36.133, Table 4.2.2.5.4-1)
	DRX cycle length [s]
	TmeasureHRPD [s] (number of DRX cycles)
	TevaluateHRPD [s] (number of DRX cycles)

	0.32
	5.12 (16)
	15.36 (48)

	0.64
	5.12 (8)
	15.36 (24)

	1.28
	6.4 (5)
	19.2 (15)

	2.56
	7.68 (3) 
	23.04 (9) 


Table 8: TmeasureCDMA2000 1X and TevaluateCDMA2000 1X (36.133, Table 4.2.2.5.5-1)
	DRX cycle length [s]
	TmeasureCDMA2000_1X  [s] (number of DRX cycles)
	TevaluateCDMA2000_1X  [s] (number of DRX cycles)

	0.32
	5.12 (16)
	15.36 (48)

	0.64
	5.12 (8)
	15.36 (24)

	1.28
	6.4 (5)
	19.2 (15)

	2.56
	7.68 (3) 
	23.04 (9) 


· Proposal 10: In new inter-RAT eDRX requirements, 

· Tmeasure,* is 3 DRX cycle for all DRX cycle lengths, which should preferably be limited to one eDRX cycle,
· Tevaluate,* (for the RATs it exists already) is 9 DRX cycles for all DRX cycle lengths, which should preferably be limited to one eDRX cycle.
3 Summary

The following proposals have been made above:

· Proposal 1: Specify eDRX requirements for cell reselection. RAN4 to discuss whether Incmon requirements need to be covered by eDRX requirements too.

The existing MDT requirements apply with and without DRX, so the same requirements could also apply with eDRX.

· Proposal 2: Specify eDRX requirements for MDT, the same requirements should apply without DRX, with DRX and with eDRX.

· Proposal 3: Do not specify eDRX requirements for ProSe.

· Proposal 4: Combining samples over multiple eDRX paging windows should not be assumed in the new requirements. teDRX should be large enough to allow the UE to meet the new  requirements within a single eDRX paging window.

· Proposal 5: The search occasions have to be adapted to align with paging windows and the search periodicity may be adapted to be a multiple of TeDRX.
· Proposal 6: Depending on the paging window length, the current maximum limit of 10 seconds for cell search and evaluation may need to be distributed over multiple consecutive paging windows (when the paging window is smaller than 10 seconds).

· Proposal 7: In new eDRX requirements, Nserv is 2 DRX cycles for all DRX cycle lengths, which should preferably be limited to one eDRX cycle.
· Proposal 8: In new intra-frequency eDRX requirements, 

· Tmeasure,EUTRAN_Intra is 1 DRX cycle for all DRX cycle lengths, 

· Tevaluate,E-UTRAN_intra is 3 DRX cycles for all DRX cycle lengths, which should preferably be limited to one eDRX cycle, and

· Tdetect,EUTRAN_Intra  needs further discussion.

· Proposal 9: In new inter-frequency eDRX requirements, 

· Tmeasure,EUTRAN_Inter is 1 DRX cycle for all DRX cycle lengths, 

· Tevaluate,E-UTRAN_inter is 3 DRX cycles for all DRX cycle lengths, which should preferably be limited to one eDRX cycle, and

· Tdetect,EUTRAN_Inter  needs further discussion.

· Proposal 10: In new inter-RAT eDRX requirements, 

· Tmeasure,* is 3 DRX cycle for all DRX cycle lengths, which should preferably be limited to one eDRX cycle,
· Tevaluate,* (for the RATs it exists already) is 9 DRX cycles for all DRX cycle lengths, which should preferably be limited to one eDRX cycle.
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