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1. Introduction
During RAN4#44bis in Shanghai some initial discussion took place on how best to define LTE Intra-frequency measurement performance during RRC_Connected state in presence of DRX operation [1]. 
This contribution performs some initial analysis and proposes an approach to define these performance requirements. If sufficient support is received this approach can be further developed in later meetings. The conclusions of this analysis are applicable to Intra-frequency, Inter-frequency and Inter-RAT monitoring activity.
2. Discussion
DRX operation within RRC_Connected state has been defined with the expectation that it will enable a UE to take advantage of inactivity periods to implement more sophisticated power saving techniques while enabling the network to remain in control of UE mobility.

The performance requirements should ensure that UE neighbour cell monitoring during UE DRX in RRC_Connected is sufficient for appropriate network operation while providing UE designers freedom to optimise power consumption.
These requirements should cover the same performance requirements as for the non-DRX case in RRC_Connected state:

· Intra-frequency cell identification and measurements
· Inter-frequency cell identification and measurements

· Inter-RAT cell identification and measurements

· Some other LTE-specific procedures related to DRX may be needed, e.g. ensuring that accurate timing advance over DRX periods. 

In an email by Nokia soon after RAN4#44bis it was proposed that the following DRX cycles would be further investigated: 2, 20, 640 and 2560 ms. There are 3 orders of magnitude between the highest and the lowest possible DRX cycle lengths, and unless some differentiation is performed over the different ranges of possible values it will become very difficult to define a single set of requirements that applies to all possible DRX cycles in the range. As a result of this it is proposed that requirements be split into ‘Short DRX periods’ and ‘Long DRX periods’ as described in further detail in the following subsections. These two regions need to be separated by a midpoint that is still to be identified.

2.1. Short DRX periods

This region covers the lower end of DRX cycles. The intention is to cover all those DRX periods whose duration is far shorter than the repetition rate of neighbour cell monitoring activities. Examples of typical intra-frequency monitoring repetition periods that have been used by RAN4 during earlier discussions are:
· Intra-frequency Cell search activity occurring over no more than 20% of the total Rx time, e.g. 10 ms every 50 ms.

· Intra-frequency measurement samples being taken once every 50 ms.

The ‘Short DRX’ range can be defined as the range for which no performance relaxation is required on neighbour cell monitoring activity relative to the non-DRX RRC_Connected case. This applies because the length of those periods is expected to be small relative to the periodicity of RRM-related activity. As a result of this, the same performance requirements and tests than for the non-DRX case can be applied.
2.2. Long DRX periods

Within this region the duration of DRX periods becomes comparable to or longer than the expected repetition rate for neighbour cell for the non-DRX case. 

The implementation of DRX within RRC_Connected only really makes sense if within this region of values the UE is allowed to have a somewhat lower rate of activity in the neighbour cell monitoring. Otherwise, despite a decrease in data Rx/Tx activity the UE achievable power saving would be rather limited if still needs to perform Intra-RAT and Inter-RAT monitoring at the usual rate.

There is a set of similarities and a set of differences between RRC_Connected state with DRX, and Idle mode. The similarities are mainly around the fact that there long DRX cycles allow for significant inactivity periods in which significant power savings can be made. As a result it is desirable to specify  neighbour-cell monitoring to take place at a rate that relates directly to a given multiple of the DRX cycle, as it already is the case for Idle mode neighbour cell monitoring activity in UTRAN (see TS 25.133).
The main key differences RRC_Connected state with DRX and Idle mode are related to the fact that mobility in RRC_Connected remains controlled by the network. As a result of this, in order to maintain a radio link between the UE and the network reliably there needs to be efficient event-triggered measurement reporting leading to acceptable handover performance. RAN4 needs to identify a suitable definition for ‘acceptable’ and a way forward to verify that the neighbour cell monitoring performance requirements are indeed ‘acceptable’. As stated earlier, a suitable degree of relaxation in UE monitoring performance needs to be specified to enable power saving. Otherwise, one of the main purposes of DRX operation will be defeated by the performance requirements. 

3. Open issues

Below is a summary of issues that require further discussion:

· Is the proposed differentiation between Short/Long DRX suitable? If so, what should be the mid-point between them?

· Should ‘Long DRX’ requirements be more similar to Idle Mode requirements? If so, what are the differences and similarities with Idle Mode performance?

· Should the inter-frequency and inter-RAT monitoring patterns with gap length equal to 6 ms only apply to the Short DRX case and for the Long- DRX case no patterns be specified?

· What are the suitable metric and methodology to quantify ‘acceptable’ UE performance relaxation during the ‘Long DRX’ case? 

4. References

This contribution contains some initial analysis on a possible way forward for defining Defining LTE monitoring requirements for RRC Connected state with DRX. A list of concrete issues for discussion has been put forward to enable possible agreement. If there is general consensus that this is the right way forward work further progress can be made along these lines in future meetings. 
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