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1 Introduction
It is important to minimise the effort of the UE in DRX mode to perform cell measurements so as to exploit the power saving benefit of the discontinuous reception and transmission.

The UTRAN employs the “measurement rules” to maximise the sleeping time of the UE in idle state. The use of similar mechanism was already discussed, but the detail is not discussed yet. In the RAN2#59-bis meeting, it was made clear that people have different understanding on this point.
In this document, we present our understanding on the use of the “measurement rules” (e.g. S_IntraSearch) by the UE in discontinuous reception mode.
2 Discussions
2.1 Measurement rules in UTRA Idle mode
The following figure shows the basic mechanism of the “measurement rules” in UTRAN. The thresholds in terms of the radio quality of the serving cell are provided to the UE and the UE compares the current radio quality of the serving cell with those thresholds.

As shown in the figure, the UE does not perform measurement if the serving cell quality is above those thresholds. Different thresholds can be configured for different types of measurement (i.e. intra-frequency / inter-frequency / inter-RAT).
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Figure-1: “Measurement rules” in UTRAN

2.2 DRX mode UE in E-UTRAN

In E-UTRAN there is the concept of DRX in connected mode. That is, the network, based on its policy, puts the UE in the discontinuous reception / transmission mode while in connected mode. Typically, the UE is sent to the DRX mode when there is no data to transfer. Mechanisms that the UE transitions to an appropriate DRX level (i.e. duty cycle) based on the parameters provided by the network are also discussed.

One of the main motivations to have DRX mode in connected mode is to maximize the sleep time of the UE, resulting in battery power saving. So it is natural that we consider the use of the “measurement rules” for the DRX mode [1].

However, it is not clear at the moment how the measurement rules interact with the other essential measurement (events) in connected mode. In connected mode, the UE is configured for event triggered measurement report, in which the UE needs to evaluate the measurement object to determine whether the measurement results should be reported to the network.
There seems to be two alternatives for the measurement behaviour in DRX mode.

1) Use S_IntraSearch and S_InterSearch as the trigger for intra-frequency measurement and inter-frequency measurement (or gap request)

2) Use S_IntraSearch for intra-frequency measurement and the event based measurement trigger for inter-frequency measurement (or gap request)
It should be noted that RAN2 have already discussed the possibility for the continuous mode to have a measurement event criteria which can be used by the UE to trigger a measurement gap request [2]. This is based on measurements on the serving frequency.

Our preference is to adopt the second approach, which exploit the better measurement performance by the UE for the triggering of inter-frequency measurements. This minimizes unnecessary gap requests from the UE.

In the following section, we discuss a framework for the interaction between the measurement rules and the UE cell measurements in DRX mode, based on the approach 2) above.
3 Proposal

There are important factors that need to be taken into account when considering measurement architecture.

· Measurement events are configured for different purposes.

· Measurement event for triggering handover

· Measurement event for triggering inter-frequency and inter-RAT measurements and associated measurement gaps

· The evaluation of measurement event requires a certain amount of measurement samples in the UE (e.g. measurement period)

It should be noted that the wake-up time in DRX mode may not provide sufficient time for the UE to evaluate measurement events. Therefore it is still important that we rely on the measurement rules for DRX mode.

The next question would be whether we need multiple thresholds in DRX mode as in idle mode. We think that typically the UE should first start measurement of the serving frequency and once the UE starts continuous measurements, it is possible to evaluate the measurement events configured.

So it is our view that the UE only needs to handle S_IntraSearch in DRX. The UE starts measurement autonomously and this is transparent to the network. At the same time the UE starts the measurement events evaluation. This allows the UE to report the need of measurement gaps for inter-frequency and inter-RAT measurements [2].

In the case that the UE already has enough gaps from the current DRX configuration, the inter-frequency / inter-RAT measurement can also be UE autonomous and transparent to the network [1]. To allow this behaviour, the purpose of the measurement event needs to be indicated in the measurement configuration so that the UE knows which measurement event should trigger the inter-frequency and/or inter-RAT measurement. (It is out of the scope of this document how the UE decides whether it has enough gaps out of its DRX pattern to perform necessary measurements.) This can be achieved by the signalling in which the network tells the UE whether a particular event should trigger a UE autonomous cell measurement for a certain measurement type, when the UE has enough gaps.

The following figure shows the UE measurement behaviour in DRX mode.

0. The UE in DRX mode

1. The UE detects that the radio quality of the serving cell becomes below the S_IntraSearch and starts the intra frequency measurement

2. Measurement criteria for the event to trigger inter-frequency measurement are met

3. The UE send a Measurement Report saying the event is triggered

4. The network allocates the gap.
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Figure-2: Example of measurement behaviour of UE

As discussed above, the UE can be configured to not send the measurement report at the step 3 and to start appropriate measurement by itself.
4 Conclusion

In this document we have proposed a framework for the UE measurement behaviour to obtain the following benefits from different measurement-related mechanisms.

· Measurement rules: Maximise the sleep time of the UE in DRX mode

· Measurement event evaluation / reporting: Minimise the allocation of measurement gap

Also it was proposed to allow the UE to perform inter-frequency and/or inter-RAT measurements autonomously by utilizing the “natural gaps” from its DRX pattern when it is enough to perform the measurements. This is achieved by the network providing the following information together with other measurement configurations.

· Information whether the measurement event can be used by the UE to autonomously trigger a particular measurement

· Information of measurement type(s) that should be carried out by the UE

· Indication whether the corresponding measurement report should be sent by the UE
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