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1.  Introduction

A UE may enter a DRX for battery saving while in the LTE_ACTIVE state. Current discussion on DRX operation [1] is mainly on the DRX transition control under different traffic conditions. In this document we discuss particularly the issues of DRX operation during the handover (HO) procedure.   

2. Discussion
HO is usually initiated after the UE sends the measurement report (MR) which may be triggered periodically or by events, e.g., downlink channel quality of a neighbouring cell becomes higher than that of serving cell during a pre-defined duration. The source eNB communciates with the target eNB to make HO decision, prepare and execute the handoff of the UE from the source eNB to target eNB. The Figure 1 shows the control plane signaling from [4] for inter eNB HO procedure.
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Figure 1 Intra-MME/SAE Gateway HO [4]
HO latency and UE battery consumption are two aspects to be considered during HO. On one hand, we should avoid delaying handover messages because the UE may happen to be in the DRX sleep period. On the other hand, the UE battery power should be used efficiently during HO. 
Figure 2 shows the typical DRX operation during HO preparation. It is common that a HO usually comes after the MR. If the UE is in a DRX sleep period, the source eNB has to wait for the next DRX awake period to send the HO Command. In order to avoid delaying the reception of HO Command, the UE could simply either start monitoring the continuous control channel or transit to shorter DRX cycle after sending MR to source eNB. The former can avoid HO latency at the cost of UE battery consumption while the latter can reduce the UE battery consumption at the cost of possible HO latency. 
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Figure 2 Typical DRX operation during HO preparation
Proposal 1: The UE should be configured to transit to continuous mode or to a short DRX cycle after sending the MR. 
Since the latency is considered more critical than the battery consumption during the HO procedures, we think by default the UE should be configured to transit to continuous mode after the MR.    

As indicated in [2], there are network scenarios where a periodic or an event triggered MR may not lead to HO. For example, in some scenarios (e.g. IRAT handover, load balancing) an event-triggered report in the first step may trigger gap-assisted measurement. Because of the HO uncertainty after sending the MR, a UE may waste battery due to unnecessary continuous channel monitoring or DRX cycle shortening. The UE does not realize there is no HO until the HO Command is not received within the pre-configured period. Figure 3 illustrates the case that there is no HO while the UE starts the continuous channel monitoring or transits to short DRX after sending MR.
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Figure 3 No HO after MR

It takes an average of 10ms and maximum of 20ms delay for control messages over the X2 interface between eNBs [3]. Without considering the processing delay at eNBs, the UE expects to receive the HO Command at least 20 ms after sending the MR. In other words, the UE may not give up the continuous channel monitoring or resume previous long DRX until HO Command is not received in at least 20 ms. By exchanging loading information between the eNBs, a source eNB can know if the target eNB admission control is likely to accept the HO. If it is not, it may send an NO_HO command to the UE. 

Proposal 2: The UE should be notified immediately by the eNB to stop the unnecessary continuous channel monitoring or resume the previous long DRX if there is no HO probability after sending the MR.
If there is a likelihood that the HO will happen, the NO_HO command is not sent. The UE will either go into continuous mode or short DRX mode. If the UE goes into a short DRX, it will go into continuous mode when HO Command is received. The UE will then go through the normal HO procedure and will either be instructed by the network to go into DRX (explicit signalling) or implicitly go into DRX after the appropriate inactivity timer(s) expire.
3. Conclusion
In this document we have discussed issues of DRX operation during HO procedue. HO latency and UE battery consumption are two aspects to be considered during HO. To reduce HO latency, the UE should be configured to transit to continuous mode or short DRX cycle after sending MR. On the other hand, to reduce the UE battery consumption, the UE should be notified immediately by the eNB to stop the unnecessary continuous channel monitoring or resume the previous long DRX if there is no HO after sending the MR.
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