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1 Introduction
During RAN#53 meeting the Work Item on enhancements to CELL_FACH operation has been approved. One of those enhancements is further improving UE battery life performance whilst in CELL_FACH by the introduction of a 2nd, longer DRX cycle. At last several RAN4 meetings it was being discussed the impact of longer DRX cycle introduction on the RAN4 measurement requirements. This contribution collects the already presented proposals and is trying to compare them from mobility and battery life performance points of view. 
2 Discussion

RAN4 has already agreed that if the current CELL_FACH identification/measurement periods formulas [1] will be re-used with 2nd DRX cycle (and also with shorter Ton time), the problem of long identification/measurement duration will arise. That will lead to long reselection time and in consequence to poor mobility performance in CELL_FACH. To improve mobility performance, in case of 2nd DRX implementation, it was proposed to limit CELL_FACH measurement as well as identification periods. Two different approaches were presented in contributions [2] and [3] but both are based on measurement requirements already defined for CELL_PCH state.
In CELL_PCH state the reselection time depends on the knowledge about target cell. If the UE wants reselect to previously unknown cell, in worst case it takes 30s, basically needed for identification and evaluation of a new cell. In case of reselection to already identified cell, the longest time needed for new cell evaluation is 10.24s (TevaluateFDD table 4.1 of [1]).

Table 1. Part of table 4.1 of [1]
	DRX cycle length [s]
	Nserv [number of DRX cycles]
	TmeasureFDD [s] (number of DRX cycles)
	TevaluateFDD [s] (number of DRX cycles)

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

	0.16
	4
	0.64 (4)
	2.56 (16)

	0.32
	4
	1.28 (4)
	5.12 (16)

	0.64
	4
	1.28 (2)
	5.12 (8)

	1.28
	2
	1.28 (1)
	6.4 (5)

	2.56
	2
	2.56 (1)
	7.68 (3) 

	5.12
	1
	5.12 (1)
	10.24 (2)


Reselection time in CELL_FACH state based mostly on identification and measurement periods. If the UE has to at first identify the target cell, the reselection time is in the biggest part dependent on Tidentify [1]:
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In case that a cell has been already detectable at least Tidentify, the cell reselection delay in CELL_FACH state shall be less than:
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and here the Tmeasurement is the most significant factor.

Most of the recent RAN4 discussions were directed on mobility performance in CELL_FACH, which is strongly impacted by reselection time. Tables below present the values of identification and measurement periods for 2nd DRX in CELL_FACH, according to inter-frequency requirements [1], to show the potential range of reselection times for particular values of DRX.
Table 2. Inter-frequency cell identification time values for 2nd DRX in CELL_FACH
	Tidentify [ms]
	Ton [ms]

	
	10
	20
	40
	80
	160

	2nd DRX cycle [ms]
	640
	21760
	10240
	5120
	2560
	1280

	
	1280
	43520
	20480
	10240
	5120
	2560

	
	2560
	87040
	40960
	20480
	10240
	5120

	
	5120
	174080
	81920
	40960
	20480
	10240


Table 3. Inter-frequency cell measurement time values for 2nd DRX in CELL_FACH
	Tmeasurement [ms]
	Ton [ms]

	
	10
	20
	40
	80
	160

	2nd DRX cycle [ms]
	640
	3840
	1920
	1280
	640
	640

	
	1280
	7680
	3840
	2560
	1280
	1280

	
	2560
	15360
	7680
	5120
	2560
	2560

	
	5120
	30720
	15360
	10240
	5120
	5120


As stated above, in case that target cell identification is needed, the reselection time is dependent on Tidentify (table 2) and when the cell is already known the UE just has to do the cell measurements during Tmeasurement (table 3) to obtain the reselection.
The main reason of the introduction of longer DRX cycle in CELL_FACH state was to improve UE battery life performance in comparison to the case with normal DRX cycle length. On the other hand at the same time the mobility performance is getting worse because of longer reselection period. To prevent that issue RAN4 has agreed to limit the identification/measurement periods to the values ensuring reasonable mobility performance. It was assumed that the criterion for that limitation will be obtaining the similar mobility performance as in CELL_PCH. According to that, and taking into account abovementioned reselection period values for CELL_PCH state, in contribution [2] it was proposed to calculate the identification/measurement duration requirement based on the DRX cycle length and ON time using the same method as currently and if the calculated times are greater than 10.24s, then reduce the identification/measurement duration requirements to 10.24s. Basically that approach will lead to mobility performance similar to CELL_PCH in case of longest DRX cycle and already identified target cell. Different approach, presented in paper [3], assumes limitation of CELL_FACH identification+measurement time to 30s, independently of DRX cycle length, which corresponds to CELL_PCH reselection when UE at first has to identify and then evaluate target cell, which in practice seems to be the most common case. From that perspective this approach is more beneficial because it simply leads to similar mobility performance and implementation as existing UE idle mode.
Both approaches are more or less profitable from mobility or battery life performance point of view. First approach seems to favor mobility performance rather than battery life, simply because it proposes more stringent requirements for identification/measurement periods, when second approach allows for better power efficiency and mobility performance similar to existing UE idle mode. Another argument for the second approach may be measurement accuracy. As noticed in [3], considering measurement period, at least 5 samples would be needed to obtain the necessary measurement accuracy with samples spaced by TmeasureFDD (table 4.1 of [1]). In that manner only four samples will be collected with 2.56s long DRX cycle and only two samples with 5.12s long DRX when limitation of measurement duration to 10.24s would be implemented, which is insufficient to obtain required measurement accuracy. In addition, the first approach assumes the same limitation value for both identification and measurement times. According to current requirements [1], time needed for cell identification is longer than measurement time for the same value of DRX cycle and Ton, which also may have impact on identification/measurement accuracy.
Taking into account the short analysis presented above, we prefer approach from contribution [3] as a potential shape of the measurements requirements for CELL_FACH with 2nd DRX. As longer DRX cycle will make CELL_FACH state to be very close to CELL_PCH state it seems to be reasonable to re-use the same rules for identification, measurement and reselection. Final shape of the requirements needs further discussion.
3 Conclusion 
This contribution further analyses two approaches to CELL_FACH measurement requirements for 2nd DRX cycle, presented at previous RAN4 meetings in contributions [2] and [3]. According to the presented analysis we think that the proposal from contribution [3] would be more beneficial taking into account similar implementation as existing UE idle mode as well as mobility and battery life performance, especially since the better power efficiency was the main reason of 2nd DRX introduction in CELL_FACH state.
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