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1 Introduction

In LTE_ACTIVE the UE may enter into DRX mode in order to save battery consumption. A number of issues related to DRX operation in LTE_ACTIVE that need to be addressed in RAN2 have been discussed in previous contributions [1] [2]. Since the last RAN2#56 meeting these issues are also being discussed on the RAN2 email reflector [3]. In this document we explicitly discuss the aspect of handover procedure when UE operates in DRX mode. 
2 Handover Procedure in DRX Mode
First of all we believe that network controlled mobility procedure should be supported when UE operates in DRX mode in LTE_ACTIVE state. As mentioned in [3], there are two important aspects that can influence the performance of handover in DRX mode:

· UE measurement reporting

· Handover command reception at UE
2.1 UE measurement reporting

A network configured event can occur at any instant of time, which may not necessarily be aligned with the configured DRX cycle. However, event triggered reporting are used execute important RRM functions such as handover. In order to ensure quick delivery of the measurement report it is important that UE reports both the measurement quantity and the event as quickly as possible without waiting for the next active period.

2.2 Handover command reception at UE
The second important aspect is the delivery of the handover command in response to the event triggered measurement reporting. Since UE listens periodically only at DRX instances, which can unnecessarily delay the handover command reception especially in case of long DRX cycle. But in order to ensure low handover latency the handover command, whenever required, should be delivered to the UE as soon as possible. At the same time it is equally important that efficient use of UE battery, which is one the main motivations of having DRX in LTE_ACTIVE, is maintained. It is therefore beneficial if UE is not required to always monitor scheduling channel after sending every measurement report. 
In order to ensure handover command delivery without unnecessary delay there are following different possibilities:

· DRX cycle adjustment (continuous monitoring or with short DRX) after every measurement report

· DRX cycle adjustment (continuous monitoring or with short DRX) after another specified event

These two approaches are discussed in the following sections:

2.2.1 DRX Cycle Adjustment after every Measurement Report

In the first approach the UE interrupts its DRX activity after every event triggered measurement report (E1) and starts monitoring the scheduling control channel either continuously or according to a pre-configured shorter DRX cycle. The UE shall revert to the normal DRX cycle in case it is not scheduled for certain duration. The duration can also be configured by the network. Every event triggered report may not lead to handover as discussed in section 2.2.2. This means one drawback of the first approach is that UE battery will be inefficiently utilized especially if there is no reception of handover commands. Therefore, the UE battery consumption is the main reason why the UE should not be required to wake up from DRX after each and every measurement report. Thus from UE battery consumption point of view this solution is not preferable. 
2.2.2 DRX Cycle Adjustment after Specific Event
One key motivation behind the second approach is that there are network scenarios where every event triggered measurement report may not directly or momentarily lead to handover. But before describing the second approach of adjusting the DRX cycle, we list some of these typical scenarios where event triggered measurement reports may not directly lead to handover rather trigger other RRM functions:

· In some scenarios (e.g. IRAT handover, load balancing) an event triggered report in the first step may trigger gap-assisted measurement (e.g. measurement on another frequency or on another access technology). 

· Depending upon the implementation not all measurements may be used to trigger handover or at least some measurements may not directly trigger the handover. As an example the UE transmitted power reporting (and the corresponding event) can primarily be used in the network to trigger the gap-assisted measurement.

· A particular UE measurement report may also be utilized for RRM functions other than handovers such as congestion control etc., thereby avoiding unnecessary handover or minimizing the ping pong effect. 
· Depending upon a particular implementation the network may perform handover according to combination of measurements, e.g. based on UE transmitted power and downlink received SINR. 

Due to the reasons cited above, we believe that preferably the UE monitors the scheduling control channel either continuously or according to a pre-configured shorter DRX cycle only when there is more certainty of receiving the handover command. This requires an additional event configuration in the UE as shown in figure 1. 
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Figure 1: Event reporting and handover command reception in DRX mode

Figure 1 depicts that the UE starts continuous monitoring of the scheduling channel (or with shorter pre-configured DRX cycle) at the onset of an arbitrary event E2. As shown in the figure the threshold set for the event E2 is higher than for the event E1. As a special case, if necessary, the network can set the same thresholds for both events E1 and E2, thereby force the UE to continuously monitor the scheduling channel after measurement reporting. The main advantage of this second scheme is that UE can make more efficient use of battery consumption since the probability of handover command reception will be higher. 
The UE shall revert to the normal DRX cycle in case it is not scheduled for certain duration. 
3 Summary

In this document we have addresses certain aspects related to handover procedure when UE operates in DRX mode in LTE_ACTIVE state. It is discussed that DRX operation should not adversely affect the handover performance. It is therefore proposed that firstly the UE should be able to deliver the measurement report to the network as soon as the event conditions are fulfilled. Secondly the UE should be able to receive the handover commands without unnecessary delay either by continuous monitoring of scheduling channel or by shortening its DRX cycle. 
4 Text Proposal for RAN2 Technical Specifications 36.300
This section provides text proposal for RAN2 TS 36.300 [6]. 
7.5.X
Handover Procedure for DRX in LTE_ACTIVE
When UE is configured with DRX/DTX in LTE_ACTIVE state, the UE in response to a network configured event shall monitor the scheduling channel either continuously or with a shorter DRX cycle over at least a period of time as specified by the network. 
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