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1
Introduction
RAN2 has been discussing some issues on DRX in EUTRAN. In RAN2 #57bis, the following output could be reached. 
· A framework was agreed at least for NRT services. For NRT services:
· when the UE is in DRX and receives data, it goes to continuous (FFS or it can go to a shorter DRX) configured by the eNB.
· when the UE is in continuous reception, explicit or implicit triggers to DRX (including multiple steps mechanism) have been included as further topics to be studied in more details.

· For RT services (VoIP) or mixed cases, further work is need.
In RAN2 #56bis, it was also agreed that when a UE in DRX is going to achieve handover, the UE may change its DRX immediately after sending a measurement report, which is captured in [1]. However, the behaviour of such a UE in DRX after handover has not been discussed so much and there is no agreement so far. In RAN3#56, it was proposed to add functionality for UE history information in the handover preparation procedure using X2 signalling [2]. We discuss and propose the similar concept in [3]. In this contribution, we analyse the benefits due to our proposal. 
2
Discussion 

When the UE in DRX is going to achieve inter-eNB handover, the UE moves to continuous reception immediately after sending a measurement report and goes on staying continuous reception until the inter-eNB handover is completed. Since RAN2 is still discussing a DRX control method, the behaviour of UE in DRX after handover is unclear. However, taking into account the current agreement, the DRX control should be restarted by the target eNB with the same procedure as other non-handover UEs, i.e. the target eNB cannot utilize the information regarding the UE’s DRX in the source cell. For example, after the expiration of an inactivity timer the UE can move to DRX. Hence, if some kinds of optimization are applied right after HO completion, the coordination between the source eNB and the target eNB would be required. Then, we propose that the information of DRX cycle and/or the period staying in current DRX cycle be sent via X2 signalling from the source eNB to the target eNB in the handover preparation procedure as shown in Fig.1. Due to this proposal the target eNB can restart the DRX control for handover UEs right after the HO completion. 
We show an example for this proposal in Fig.2 assuming two levels of DRX and two inactivity timers. The inactivity timer1 (t1) is used for the transition from Continuous to DRX1 and the inactivity timer2 (t2) is used for the transition from DRX1 to DRX2. In the conventional scheme the UE waits for the expiration of the inactivity timer1 and the inactivity timer2. While in our proposed scheme the eNB can move the UE from Continuous to DRX2 directly in a short period (T0), e.g. 20ms, after the HO completion by taking into account the UE’s activity level in the source cell, i.e. the UE is enough to be set as DRX2. Consequently the UE can save the battery more efficiently due to our proposed scheme.
Proposal 1: The source eNB transfer the current DRX cycle and/or the period staying in current DRX cycle information as UE history information to the target eNB during inter-eNB handover. 
Proposal 2: Due to the UE history information, the target eNB can restart the DRX control for handover UEs right after the HO completion.
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Fig. 1 Dormancy context transferred inter-eNB handover
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Fig. 2 DRX control after inter-eNB handover 
Furthermore, we consider the number of HO repetitions. Now we assume that the UE moves from DRX2 to Idle after the expiration of the idle timer (t3), which starts running when the UE has moved to DRX2, and the UE’s activity level after the first handover is enough to be set as Idle. In the conventional scheme if the period that the UE stays in a cell is shorter than the idle timer, the UE cannot move to Idle and should perform the handover. In the worst case the UE should continue this behaviour even if the actual activity level can be considered as Idle. In this case the repetition of HO will cause the increase of the amount of required process in NW as well as the undesired battery consumption in UE. Then we propose that the running time of idle timer should be transferred from the source eNB to the target eNB during inter-eNB handover. Due to this proposal, the target eNB can move the UE to Idle appropriately by restarting the idle timer from the value counted in the source cell and the number of undesired HOs can be reduced.
We show an example for this proposal in Fig.3 assuming two levels of DRX and idle timer. In the conventional scheme if the period that the UE stays in DRX2 in each cell (ta1,ta2,ta3,..) is shorter than the idle timer (t3), the UE should continue performing the HO. While in our proposed scheme even if the period that the UE stays in DRX2 in the target cell1 (tb1) is shorter than the idle timer (t3), the eNB can accumulate the running time of the idle timer after HO and eventually the total period that the UE stays in DRX2 over several cells (tb1+tb2) would be longer than the idle timer (t3). Hence comparing to the conventional scheme the UE can move to Idle earlier in our proposed scheme.
Proposal 3: The running time of idle timer is transferred via X2 during inter-eNB handover. 

Proposal 4: The eNB can accumulate the running time of idle timer only if the UE does not transmit or receive user data even though handover is repeated. 
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Fig. 3 DRX control during the repetition of inter-eNB handovers 
3
Comparison 
We compare the UE activity after inter-eNB handover between the conventional scheme and our proposed scheme. We make a comparison table below assuming two levels of DRX. The DRX of shorter cycle is DRX1 and the DRX of longer cycle is DRX2. We also assume that the UE change its activity level only between continuous and DRX1, or DRX1 and DRX2, or DRX2 and Idle in the conventional scheme. Thus the UE never change from continuous to DRX2, or continuous to Idle, or from DRX1 to Idle. 
Table1. Comparison of DRX control after inter-eNB handover 
	
	Conventional 
	Proposal 

	Restart timing of DRX control after HO
	· After expiration of inactivity timer 
	· Right after HO completion 

	Transition timing from  Continuous to DRX1 
	· Statistic based on inactivity timer1 whose length is same for all UEs within a cell
	· Dynamic only for the first transition after HO.
· Statistic based on inactivity timer1 for other cases

	Transition timing from DRX1 to DRX2 
	· Statistic based on inactivity timer2 whose length is same for all UEs within a cell
	· Statistic based on inactivity timer2 

	Transition timing from Continuous to DRX2 
	· None 
	· Dynamic only for the first transition after HO 
· None for other cases. 

	Transition timing from DRX2 to Idle
	· Statistic based on Idle timer whose length is same for all UEs within a cell
	· Statistic based on Idle timer
· Optionally, accumulate the running time of Idle timer 


In the following, we compare the conventional and proposed schemes with respect to the number of TTIs where the DL L1/L2 control channel should be monitored, which is referred to as DL L1/L2 monitored TTI hereafter. We assume that the UE moves perpendicular to the eNB via cell centre and the neighbouring cells are not overlapped. We also assume that the UE’s activity level after handover is enough to be set as DRX2. Other parameters we use in comparison are listed in Table2. 
At first we focus on the DRX control during 1 inter-eNB handover of a certain UE in DRX2 as shown in Fig. 2. In the conventional scheme, the UE changes its DRX level from DRX2 to continuous immediately after sending measurement report and then after HO completion the inactivity timer1 whose length is 1 [sec] starts running. Since during continuous the UE monitors DL L1/L2 control channel at every TTI, the number of DL L1/L2 monitored TTIs is 1000 in this example. When the inactivity timer1 has been expired, the UE moves to DRX1 and the inactivity timer2 whose length is 4 [sec] starts running. Since during DRX1 the UE monitors DL L1/L2 control channel at every TTI in the on-duration of 10 [ms] within the DRX1 cycle of 20 [ms], the number of DL L1/L2 monitored TTIs is 10/20*4000 = 2000. Similarly, when the inactivity timer2 has been expired, the UE moves to DRX2. Since during DRX2 the UE monitors DL L1/L2 control channel at every TTI in the on-duration of 10 [ms] within the DRX2 cycle of 100 [ms], the number of DL L1/L2 monitored TTIs for 4 [sec] is 10/100 *4000 = 400. In the proposed scheme the UE changes its DRX level from DRX2 to Continuous immediately after sending measurement report, where this is same as the conventional scheme. After HO completion, the eNB controls the UE’s DRX depending on the information transferred from the source eNB via X2. In this example, the eNB moves the UE from Continuous to DRX2 in 20 [ms] after HO completion. Thus, the number of DL L1/L2 monitored TTIs moves to DRX2 is 20. In our proposed scheme the total number of DL L1/L2 monitored TTIs is 20 + 10/100*(5000-20) = 518. Hence the gain due to our proposal is (1-518/3000)*100 = 82.7 % in terms of the reduction of the number of DL L1/L2 monitored TTIs for 5 [sec], which is corresponding to the period that the UE moves from continuous to DRX2 in the conventional scheme after HO completion. 

In addition, we consider the benefits from the overall point of view between handovers. In the case1 (UE seed of 40 [km/h], cell radius of 1 [km]), the UE performs 1 handover per 90 [sec]. When we ignore the handover processing time since it would be 50~100 [ms], the UE stays in DRX2 for 85 [sec] in the conventional scheme and 89.98 [sec] in the proposed scheme, respectively. The number of DL L1/L2 monitored TTIs per 1 handover is 3000 + 85*10/100*1000 = 11500 in the conventional scheme and 20 + 89.98*10/100*1000 = 9018 in the proposed scheme, respectively. Hence the gain due to proposed scheme from the overall point of view is (1-9018/11500)*100 = 21.6 %. While in the case2 (UE speed of 120 [km/h], cell radius of 5 [km]), the gain is14.2 %, and in the case3 (UE speed of 240 [km/h], cell radius of 5 [km]), the gain is 24.8 %. Note that as the period that the UE stays in a cell becomes shorter, the gain due to our proposal becomes lager. 
Now we consider the reduction of the number of HO repetitions assuming that the UE’s activity level after the first handover is enough to be set as Idle. In the conventional scheme, since the idle timer discussed above is not transferred from the source eNB to the target eNB during inter-eNB handover, the UE may not be able to move to Idle state by continuing undesired HOs, especially in high mobility case. However due to our proposed scheme that kind of undesired HOs can be reduced by using the idle timer transferred from the source eNB to the target eNB. Here we assume the observation period of 1 hour and if the idle timer does not expire the UE will continue to perform HOs. In the conventional scheme, the period that the UE stays in a cell is 90 [sec] and the period that the UE stays in DRX2 per cell is 90-5= 85 [sec] in the case1.Since the idle timer of 180 [sec] does not expire within a cell, the UE will continue to perform HOs and the number of HO repetitions is 39. Similarly in the case2 the number of HO repetitions is 23 and in the case3 the number of HO repetitions is 47. On the other hand, in the proposed scheme, the period that the UE stays in a cell is 90 [sec] and the period that the UE stays in DRX2 per cell is 90-0.02= 89.98 [sec]. Since we assume the idle timer of 180 [sec], the number of HO repetitions is 180/89.98= 3. Similarly in the case2 the number of HO repetitions is 2 and in the case3 the number of HO repetitions is 3, respectively. Obviously the gain due to our proposal with respect to the reduction of the number of HO repetitions is significant. 
Table2. Parameters for comparison
	
	Conventional 
	Proposal 

	UE speed, v [km/h]
	40 (case1), 120 (case2), 240 (case3)

	Cell redius, r [km]
	1 (case1), 5 (case2, case3)

	DRX1 cycle, T1 [ms] 
	20 

	DRX2 cycle, T2 [ms]
	100 

	On-duration in both DRX1/DRX2, Tod [ms]
	10 

	Transition time from continuous to DRX1, t1 [sec]
	1

	Transition time from DRX1 to DRX2, t2 [sec]
	4

	Transition time from DRX2 to Idle, t3 [sec] 
	180 

	Restart time of DRX control after HO, T0 [ms]
	-
	20 


Table3. Gain due to proposal 
	
	Case 1
	Case 2
	Case 3

	The reduction of the number of DL L1/L2 monitored TTIs for 5(= t1+t2) [sec]
	82.7 %

	The reduction of the number of DL L1/L2 monitored TTIs per 1 handover
	21.6 %
	14.2 %
	24.8 %

	The reduction of the number of HO repetitions . 
(Note: In conventional scheme, the UE cannot move to Idle in 1 hour.)
	92.3 %
	91.3 %
	93.6 %


4
Summary 
We proposed the followings:
Proposal 1: The source eNB transfer the current DRX cycle and/or the period staying in current DRX cycle information as UE history information to the target eNB during inter-eNB handover. 

Proposal 2: Due to the UE history information, the target eNB can restart the DRX control for handover UEs right after the HO completion.

Proposal 3: The running time of idle timer is transferred via X2 during inter-eNB handover. 

Proposal 4: The eNB can accumulate the running time of idle timer only if the UE does not transmit or receive user data even though handover is repeated. 

5
Conclusion
In this contribution, we discuss the DRX control right after the inter-eNB handover. We propose that RAN2 discuss the DRX control and handover based on the discussion above and capture our proposals in [1].
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