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1 Introduction
In [1] a LS from RAN2 regarding eDRX measurements in idle mode, RAN2 requests RAN4 to introduce UE measurement requirements for extended DRX in Idle mode in 25.133.
In eDRX, the DRX cycle is much longer than the legacy DRX cycles. The DRX cycle consists of a long sleep period, then the UE wakes up to a Paging Transmission Window where there are N_PTW paging occasions with the legacy PS DRX cycle.
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Figure 1: The eDRX scheduling.
The request is now to generate new measurement performance requirements for this case.
2 Discussion

The sleep period between the Paging Transmission Windows in enhanced DRX may be long. The max and minimum DRX cycles during eDRX is currently discussed in RAN2. When the UE wakes up for a eDRX cycle it shall read the paging occasions during NPTW normal DRX cycles. The pagings transmitted during these paging occasions shall be the same.

In current requirements for DRX the focus is to support measurements always giving a reasonable cell reselection delay to support mobility. 

When the eDRX cycle becomes long, there is another focus. When the UE wakes up it shall verify that the current cell is still available. Then measurements shall be done on all cells that were available last DRX cycle to keep track of the cells. Finally cell search is required to find new cells and possibly cells which have changed timing since last eDRX cycle. Based on this the cell reselection evaluation shall be done with a number of samples of the measurements with an interval between the samples to allow a filtering over fading.
These long eDRX cycles gives the UE an opportunity to save power. The most efficient power saving is during the sleep period between the Power Transmission Windows. If this period is long the UE can enter a very deep sleep state which is much more efficient than between the normal DRX cycles. The wakeup from this deep sleep is much longer than for the normal deep sleep.

Based on this the UE shall wake up read pagings and do measurements as short as possible, on whatever it is configured to measure, to be able to fall asleep again during the eDRX time. Thereby the most power efficient way to still keep a good measurement averaging is to, if possible, measure on all carriers on all configured RATs on every DRX cycles. 
Observation 1: The UE should do measurements of serving and other cells as fast as possible to allow the UE to support a short TPTW and thereby more efficiently save power. 

2.1 Measurements

The specification of the reselection requirements  in [2] are based on the following two tables, table 4.1 and 4.2 in [2]. The idle mode DRX cycles are green marked below.
Table 4.1: TmeasureFDD, TevaluateFDD, TmeasureTDD, TevaluateTDD, and TmeasureGSM
	DRX cycle length [s]
	Nserv [number of DRX cycles]
	TmeasureFDD [s] (number of DRX cycles)
	TevaluateFDD [s] (number of DRX cycles)
	TmeasureTDD [s] (number of DRX cycles)
	TevaluateTDD [s] (number of DRX cycles)
	TmeasureGSM [s] (number of DRX cycles)

	0.08
	4
	0.64 (8 DRX cycles)
	2.56 (32 DRX cycles)
	0.64 (8 DRX cycles)
	2.56 (32 DRX cycles)
	2.56 (32 DRX cycles)

	0.16
	4
	0.64 (4)
	2.56 (16)
	0.64 (4)
	2.56 (16)
	2.56 (16)

	0.32
	4
	1.28 (4)
	5.12 (16)
	1.28 (4)
	5.12 (16)
	5.12 (16)

	0.64
	4
	1.28 (2)
	5.12 (8)
	1.28 (2)
	5.12 (8)
	5.12 (8)

	1.28
	2
	1.28 (1)
	6.4 (5)
	1.28 (1)
	6.4 (5)
	6.4 (5)

	2.56
	2
	2.56 (1)
	7.68 (3) 
	2.56 (1)
	7.68 (3) 
	7.68 (3)

	5.12
	1
	5.12 (1)
	10.24 (2)
	5.12 (1)
	10.24 (2)
	10.24 (2)


Table 4.2: TdetectE-UTRA, TmeasureE-UTRA and TevaluateEUTRA
	DRX cycle length [s]
	TdetectE-UTRA [s]
	TmeasureE-UTRA [s]

(number of DRX cycles)
	TevaluateEUTRA [s] (number of DRX cycles)

	0.08
	30
	2.56 (32)
	7.68 (96)

	0.16
	
	2.56 (16)
	7.68 (48)

	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
	60
	7.68 (3)
	23.04 (9)

	5.12
	
	10.24 (2)
	30.72 (6)


The evaluations for cell reselection are based on measurements from several DRX cycles. With eDRX the time between the PTWs are very long up to several hours and the UE may move quite long distance between the PTW cycles. Therefore measurements from previous PTW can not be taken into account when evaluating the cell reselection criteria. 
Observation 2: When the time between the PTWs, TeDRX,  is long, from minutes, up to hours, the averaging, between measurement samples, used for evaluations for the cell reselection criteria cannot be based on measurements from previous PTW.

The averaging of measurements for cell reselection shall be based on several samples in order to have a measurement averaged over also slow fading. Otherwise there is a risk that the UE moves between two cells just because of fading. Since the PTW consists of several paging cycles it is possible to average with several samples separated by the legacy DRX cycle. 
Observation 3: With the concept of PTW with a long sleep period between each PTW, and each PTW consists of a number of paging occasions with a legacy DRX cycle it is not preferred to average between the PTW.
Observation 4:  With the concept of PTW, with several legacy DRX cycles every PTW cycle, it is feasible to average samples between the DRX cycles within each PTW.
The length of PTW must be several legacy DRX cycles. In order to average and evaluate within each PTW, the evaluation time shall never be longer then the PTW. Furthermore, the UE should be able to find new cells during the PTW as well.
There are two parts of this

1) The measurement period of intra frequency, inter frequency of FDD and TDD, GSM and eUTRAN. This period is today defined by TmeasureNN in the tables above. 

2) The evaluation length of intra frequency, inter frequency of FDD and TDD, GSM and eUTRAN. This length defines how much averaging is performed
As seen above the measurement interval is according to the spec several DRX cycles in order not to require measurements of all carriers and RATs every DRX cycle. In this case where there only is a small subset of DRX cycles to measure on independent on the DRX cycle and length of  PTW the Tmeasure,NN is proposed to be 1 DRX cycle.

Tevaluate,NN should be studied. Our proposal is that this should be in the range of 2-5 DRX cycles for the respective carrier frequency on intra and inter RAT.
Proposal 1: The requirements for short eDRX cycles (TeDRX<X seconds) is proposed to be based on an extrapolation of the current requirements with evaluation between the eDRX cycles. The value of X should be agreed. 
The minimum requirement will then be that the number of available DRX cycles between two measurements and during the evaluation will be the same as for normal DRX. Tmeasure will vary depending on whether there are only normal DRX cycles between the samples or there is a eDRX period inbetween. The averaging used for evaluation may also be between samples separated by TI-DRX s in time.
Proposal 2: It is proposed that the measurement requirements during eDRX for eDRX cycles longer than X seconds are based on Table 1 below. These parameters are valid for intra frequency, inter frequency (FDD and TDD) and inter RAT measurements.

Table 1: Tmeasure, Tevaluate
	Range of eDRX cycle length
	DRX cycle length [s]
	Tmeasure [s] (number of DRX cycles)
	Tevaluate [s] (number of DRX cycles)

	TBD
	0.64
	0.64 (1)
	TBD

	TBD
	1.28
	1.28 (1)
	TBD

	TBD
	2.56
	2.56 (1)
	TBD 

	TBD
	5.12
	5.12 (1)
	TBD


2.2 Detection of new Cells

For the detection of new cells, the requirements of  the shortest eDRX cycles can be based on current requirements. The delay may get longer than current requirements for some cases.
For the longer eDRX cycles, typically longer than 1 minute, the detection of new Cells should preferably be done during the TPTW when the UE is not in deep sleep. Thus, the cell detection has to be done as efficiently as possible during the time the UE is in normal DRX cycles to be able to fall into deep sleep again between the DRX cycles.
Observation 5: The cell detection requirements for eDRX needs to be studied. 
Proposal 3: From the requirement point of view, for the long DRX cycles (longer than X seconds), the UE shall be able to detect new cells stronger than the serving cell in connection to the PTW DRX cycles when the UE is active during the eDRX cycle. Exactly how long time the UE needs to do this is up to UE implementation
3 Conclusion

Observation 1: The UE should do measurements of serving and other cells as fast as possible to allow the UE to support a short TPTW and thereby more efficiently save power. 
Observation 2: The time between the PTWs, TeDRX,  is long, from minutes, up to hours, the averaging, between measurement samples, used for evaluations for the cell reselection criteria cannot be based on measurements from previous PTW.
Observation 3: With the concept of PTW with a long sleep period between each PTW, and each PTW consists of a number of paging occasions with a legacy DRX cycle it is not preferred to average between the PTW.

Observation 4:  With the concept of PTW, with several legacy DRX cycle every PTW cycle, it is feasible to average samples between the DRX cycles within each PTW.
Observation 5: The cell detection requirements for eDRX needs to be studied. 
Proposal 1: The requirements for short eDRX cycles (TeDRX<X seconds) is proposed to be based on an extrapolation of the current requirements with evaluation between the eDRX cycles. The value of X should be agreed. 
Proposal 2: It is proposed that the measurement requirements during eDRX are based on Table 1 below. These parameters are valid for intra frequency, inter frequency (FDD and TDD) and inter RAT measurements.
Table 1: Tmeasure, Tevaluate
	Range of eDRX cycle length
	DRX cycle length [s]
	Tmeasure [s] (number of DRX cycles)
	Tevaluate [s] (number of DRX cycles)

	TBD
	0.64
	0.64 (1)
	TBD

	TBD
	1.28
	1.28 (1)
	TBD

	TBD
	2.56
	2.56 (1)
	TBD 

	TBD
	5.12
	5.12 (1)
	TBD


Proposal 3: From the requirement point of view, for the long DRX cycles (longer than X seconds), the UE shall be able to detect new cells stronger than the serving cell in connection to the PTW DRX cycles when the UE is active during the eDRX cycle. Exactly how long time the UE needs to do this is up to UE implementation
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