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1. Introduction

In LTE, DRX is designed to meet the requirements of UE power saving and efficient resource utilization; whereas, Measurement Gaps are provided (by the eNB to UEs which need to perform gap assisted measurement) for mobility support. While the sole purpose of these gaps is to assist UEs in the inter measurements (neighboring frequency/ RATs), the DRX/ DTX may also be used by the UE to perform these measurements.
In this contribution we propose that the UE only indicates the need for measurement gaps (i.e. the reporting of event which is triggered when serving cell quality gets worse than an absolute threshold) when the measurement opportunities provided by the DRX are insufficient.

2. Serving cell quality degradation
In our opinion mobility requirements under weak signal conditions are a priority compared to battery savings. Also another assumption is that the configured Serving-cell-threshold (for reporting bad quality on current cell/ frequency) is a tight threshold and therefore the mobility measurements are an immediate necessity. When a present cell quality gets worse than Serving-cell-threshold, UE may either make use of the DRX to carry out the mobility measurements on its own (e.g. sufficient measurement opportunities) or it shall send the measurement report to the network indicating the bad current cell quality which would typically trigger the configuration of a measurement gap pattern by the network. The UE behavior should be specified in all possible circumstances. 
Let’s assume that the UE detects that present cell quality < Serving-cell-threshold:
Case 1: Active UE 
A UE would be considered “Active” when there is/was some activity (UL/ DL) going and the inactivity timer is running in the UE. 
· We propose in this case the UE shall always send the measurement report indicating the serving cell degradation to the network.

Case 2: Inactive UE: DRX < DRXthreshold: 

In this case, the configured on-duration length and periodicity is such that it would not allow the UE to perform the required measurements.

· We propose in this case the UE shall always send the measurement report indicating the serving cell degradation to the network.

Case 3: Inactive UE: DRX > DRXthreshold: 

In this case, the configured on-duration length and periodicity is such that it would allow the UE to perform the required measurements.

· We propose in this case there is no need for the UE to indicate the serving cell degradation to the network.

Appendix A gives some considerations how the network could configure the DRXthreshold.

3. Serving cell quality improvement
When the serving cell quality improves, there might no longer be a need for a configured measurement gap pattern.

If the UE is quite inactive, keeping the measurement gap pattern configured does not seem to have any cost since it will not really limit the UE traffic. However if the UE is quite active, then it might be beneficial to remove the measurement gap pattern to enable higher traffic rates.
We propose the reporting of the cell quality improvement again to be linked to the DRX situation:

Case 1: Active UE 

· UE shall always send the measurement report indicating the serving cell improvement (>Serving-cell-threshold) to the network.

Case 2: Inactive UE: DRX < DRXthreshold: 

· UE shall always send the measurement report indicating the serving cell improvement (>Serving-cell-threshold) to the network.

Case 3: Inactive UE: DRX > DRXthreshold: 

· UE does not send the measurement report indicating the serving cell improvement (>Serving-cell-threshold) to the network.

4. Summary
As a result of the above, an inactive UE with a long DRX and with ability to perform measurement in Rx-off periods is not required to report Serving-cell-threshold crossings; whereas UEs which are active or have a DRX which leaves insufficient opportunities for performing measurements shall report these Serving-cell-threshold crossings to the network.
5. Proposal
It is proposed that RAN2 specifies an RRC measurement event which is triggered only by the UEs which are either in Active transmission or are in a short DRX. This event shall be triggered when the serving cell quality goes above/below a configured Serving-cell-threshold.
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Appendix A: Considerations on DRXthreshold
The DRXthreshold will probably be different for different RATs’ measurement. For example it may take around 10 ms to perform the inter-frequency/ UMTS measurements. But to detect/ measure a GSM cell it shall take longer. 

To measure a GSM cell we need to capture its SCH which repeats at frame # 1, 11, 21, 31, 41….1, 21…etc. So we need to open a window for 11 * 4.615
 ms to deterministically capture the SCH frame. Therefore roughly we need a DRX length greater than 50 ms for GSM measurements. The measurement of one frequency shall be completed in one shot i.e. for example the UE shall not attempt to measure the GSM cell in two shots of 25 ms each (as depicted in below diagram). 


[image: image1]
Figure 1: UE in DRX and detects bad quality
In the above diagram, UE detects that the present cell quality < Serving-cell-threshold. UE starts GSM measurement immediately and (say) it just missed the GSM frame 1 (when it migrated to GSM search in DRX1) and started measuring from frame 2, 3.... The next SCH frame will come at frame 11. After going through 2, 3, 4, 5, 6 it goes to the on_duration. It re-enters the DRX and at that time GSM frames 12, 13...were available (transmitted) and it again read them from 12 to 17. So, though the UE spent more than 50 ms in reading a GSM channel, it could not find the SCH. Therefore, DRXthreshold should allow the minimum time to measure a neighboring frequency.

Based on the simple reasoning above, assuming UE needs 50ms for a GSM measurement, the DRXthreshold could be configured such that the UE only reports Serving-cell-threshold crossings when the period between two on-durations (end of one, beginning of next) is lower than 50ms. Even smaller gaps could be allowed if we leave the “measure in one shot” assumption.
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� Normally 10 frames would be required. But as frame 51 is IDLE, so from 41 we need to wait for 11 frames till the next SCH frame.





