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1 Introduction
In E-UTRA, layer 3 filtering is defined in the RAN2 specification TS 36.331 [1] in a similar way with UTRA. In the last RAN2 meeting, the following principle was agreed and captured in [2]:

Layer 3 filter configuration (as signalling to UE) assumes 200ms measurement input rate, and UE shall adapt its Layer 3 filter implementation to the actual input rate, such that the time characteristics (response time) of the filter is maintained.
In RAN2, it was recognized that DRX might require similar handling, but it would be good that RAN4 could first make some progress on that. In [3], it was proposed that Layer 3 filtering coefficient in DRX state should be scaled comparing the non DRX measurement period with the practical measurement period. In this document, we provided some analysis and our understanding on the L3 filter scaling issue.
2 Discussion
The layer 3 filtering defined in TS 36.331 [1] is as blow:

5.5.3.2
Layer 3 filtering

The UE shall:

1>
for each measurement quantity that the UE performs measurements according to 5.5.3.1:

2>
filter the measured result, before using for evaluation of reporting criteria or for measurement reporting, by the following formula:
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where

Mn is the latest received measurement result from the physical layer;

Fn is the updated filtered measurement result, that is used for evaluation of reporting criteria or for measurement reporting;

Fn-1 is the old filtered measurement result, where F0 is set to M1 when the first measurement result from the physical layer is received; and

a = 1/2(k/4), where k is the filterCoefficent for the corresponding measurement quantity received by the quantityConfig;
NOTE 1:
If k is set to 0, no layer 3 filtering is applicable.

NOTE 2:
The filtering is performed in the same domain as used for evaluation of reporting criteria or for measurement reporting, i.e., logarithmic filtering for logarithmic measurements.
NOTE 3:
For further details about the physical layer measurements, see TS 36.133 [16].
The time constant for this filter can be given by [4]:
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(1)
Tmeas is the filter measurement input period. These time constants are indicative of the rapidity of handover triggers. A small time constant leads to a higher steady state error in the measurements. 
Then with the 200 ms measurement input rate, time constants for some of the typical values of k can be given as below:
Table 1: L3 filter time constant

	k
	a
	Time Constant (Seconds)

	4
	0.50
	0.66

	6
	0.35
	1.06

	14
	0.09
	4.88


In TS 36.133 [5], the physical layer measurement periods for intra-frequency DRX measurement are given as below:
Table 2: Requirement to measure FDD intrafrequency cells
	DRX cycle length (s)
	Tmeasure_intra (s) (DRX cycles)

	≤0.04
	0.2 (Note1)

	0.04<DRX-cycle≤2.56
	Note2 (5)

	Note1: Number of DRX cycle depends upon the DRX cycle in use

Note2: Time depends upon the DRX cycle in use


However, similar as in non-DRX, the filter input rate is also implementation dependent in DRX. Depending on different implementations, the filter input rate can be once every DRX cycle, once every 2 DRX cycles, once every 3 DRX cycles, once every Tmeasure_intra, etc. When DRX is used, the filter input rate Tmeas would vary quite much since the DRX cycle length can be from less than 40 ms to 2.56s. The filter input rate Tmeas could be from less than 40 ms to 12.8 s with different implementation. Consequently, when DRX is used, the L3 filter coefficient should also be scaled up or down to preserve the time characteristics with the L3 configuration signalled from network. 
For example, according to equation (1), below scaled L3 configurations can be given to preserve the time constant signalled from network. When DRX cycle length is less than 40 ms, the scaling would be the same as that when DRX is not used, so in below table, the scaled L3 configurations when DRX cycle length is larger or equal than 80 ms are provided.
Table 3: Scaled L3 Configuration when DRX is Used
	Signaled L3 configuration
	Time Constant

(Seconds)
	DRX cycle length

(Seconds)
	filter input rate Tmeas
(Seconds)
	Scaled L3 configuration

	k
	a
	
	
	
	kscaled
	ascaled

	4
	0.50
	0.66
	0.08
	0.08
	8.18
	0.24

	
	
	
	
	0.16
	4.93
	0.43

	
	
	
	
	0.4
	1.66
	0.75

	
	
	
	2.56
	2.56
	0.000809
	0.9999

	
	
	
	
	5.12
	  0
	1.0000

	
	
	
	
	12.8
	  0
	1.0000

	6
	0.35
	1.06
	0.08
	0.08
	10.64
	0.16

	
	
	
	
	0.16
	7.11
	0.29

	
	
	
	
	0.4
	3.17
	0.58

	
	
	
	2.56
	2.56
	0.996
	0.0233

	
	
	
	
	5.12
	0
	1.0000

	
	
	
	
	12.8
	0
	1.0000

	14
	0.09
	4.88
	0.08
	0.08
	19.02
	0.04

	
	
	
	
	0.16
	15.13
	0.07

	
	
	
	
	0.4
	10.16
	0.17

	
	
	
	2.56
	2.56
	2.05
	0.701

	
	
	
	
	5.12
	0.5406
	0.9106

	
	
	
	
	12.8
	0.138
	0.9976


From the examples given in the above table, we could have below observations:
· By scaling on the L3 filter configuration according to the filter input rate Tmeas, the time constant from the signaled L3 filter configuration can be preserved.
· With some signaled L3 filter configuration, the L3 filter can be disabled when DRX is used with some large DRX cycle length.

3 Conclusion
In this document, some analysis and observations on the L3 filter scaling are provided in this document, from which we think that scaling on the L3 configuration according to the filter input rate is needed to preserve the time characteristics as signaled by the network. So we propose that a sentence can be added in TS 36.331 to indicate that the requirement from [2] is also applicable when DRX is used. Furthermore, we also think that with some signaled L3 configuration and DRX cycle length, the L3 filter should be disabled. So we suggest such behavior can also be captured in specification.
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