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1. Introduction

In RAN4 meeting #48bis the discussion on  event triggered reporting with DRX active was continued [3,4] with some conclusion was reached and informed to RAN2 [2]. In this contribution we continue the evaluation by inspecting a few additional aspects in system simulations.

2. System level simulations for TTT
In this section we present system simulation results evaluating the effect of DRX to TTT was simulated with the help of a fully dynamic time driven simulator which simulates UL and DL directions simultaneously with a symbol resolution. The simulations were done with a constant load, and the amount of handovers and handover failures was tracked to determine the performance effects of the TTT/DRX combinations.  

The assumptions used are very similar to those presented in [3] and summarised in Annex A at the end of the document. 
Major difference compared to the previous assumptions is that instead of only scaling the measurement period, now actual DRX was modelled. Hence depending on the activity UE could move between short and long DRX, accounting also the  inactivity period. The used DRX parameters are given in Table 1 in Annex. The modelling of actual DRX leads to difference compared to the results presented in [3] as the transmission of the handover (HO) command is now delayed. In results presented in [3] HO command was not delayed due to the DRX, but could be transmitted at any time. In these results the effective DRX cycle and parameterisation affects the delay experienced by the HO command. Also the HO decision delay in network was modelled as normally distributed random variable with 100ms mean and 40ms standard deviation. These parameters are chosen to model the eNB processing and X2 communication delays, which are assumed to be in the order 50-150ms. As earlier handover commands were modelled to be actually transmitted in the simulation, and could fail if not received after 2 ARQ retransmissions: In such a case, the handover was considered a failure and RLF would trigger, causing a reselection to another cell

Two different evaluation methods for the TTT were considered, “normal” and “speed-up”. The “normal” evaluation for the TTT was such that if the time-out would occur during the DRX period, it would be triggered in the next ‘on-time’ also accounting the latest measurement available and event A3 reported. The “speed-up” evaluation method was such that if the time-out for the TTT would occur during the DRX period, it would be triggered immediately and event A3 sent. Activity (e.g. sending event A3) would trigger defined DRX rules and trigger the inactivity timer and Short DRX including the DRX short cycle timer (as UE would be assigned UL/DL resources through PDCCH). These cases were evaluated with different long cycle lengths (40ms, 80ms, 160ms, 320ms, 640ms).

2.1
Simulation results
The results of the simulations are shown in Figures 1 to 6 below for 3, 30 and 120 km/h cases, where the ISD 500m is used for 3 and 30 km/h cases and ISD 1732m is used for 120 km/h cases. Left hand side figures (even numbered) give the average number handovers per call for different cases. Right hand figures (odd numbered) give amount of handover failures (of all handovers). The DRX cycle on the x-axis indicates the used DRX cycle (and hence, measurement interval, since there is 1 measurement sample/DRX cycle). In all simulations the Short DRX cycle is kept at 40 ms.
The results show that for all speeds, there is no difference with the TTT scaling when DRX cycle is less than 160 ms. But when the DRX cycle is increased to 320ms or 640 ms, the speed-up method results more handovers. In terms of handover failures, for 3 km/h there is no benefit of triggering the TTT earlier, so in fact, the normal TTT behaviour results better performance due to lower amount of handovers. For velocities of 30 and 120 km/h, there is a slight increase seen in the number of handover failures at larger DRX cycles for both TTT operation options and somewhat higher increase is seen for the ‘normal’ TTT operation. Depending on the likelihood or practicality of using the long DRX cycle at the higher velocities this may not be an issue.
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Figure 1. Handovers/call, 3 km/h user speed
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Figure 2. Handovers failures/all handovers, 3 km/h user speed (ISD 500m)
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Figure 3. Handovers/call, 30 km/h user speed
	 SHAPE  \* MERGEFORMAT 



Figure 4. Handovers failures/all handovers, 30 km/h user speed (ISD 500m)
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Figure 5. Handovers/call, 120 km/h user speed
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Figure 6. Handovers failures/all handovers, 120 km/h user speed (ISD 1732m)


3. Conclusion

In this contribution we have continued the analysis related to the TTT handling in DRX. Impact of handover command delay together with actual DRX operation modeling was accounted to the simulations. Two different options for the TTT handling were considered, either by triggering the TTT immediately if it is foreseen that the time-out would occur mid-DRX cycle or that the triggering is delayed to the next DRX cycle. We have evaluated the impact of these solutions to the number of handovers and handover failures at different velocities and longDRXcycle values. From the results it could be seen that the behaviour obtained in terms of number of handovers and handover failures is rather similar. The amounth of handover failures is also reduced by the use of short DRX cycle after the UL activity (to send the measurement report).  Difference between the evaluated different TTT handling approaches  comes visible when the longDRXcycle is longer (320ms or 640ms in these simulations) and that the velocity is higher (30mk/h and 120mkm/h in these simulations). In these cases the probability of having handover failures is somewhat increased and slightly more for the normal TTT operation. Thus it could be concluded that the delaying the triggering to next DRX cycle works equally well as long as not too long DRX cycle is used with higher speeds.
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Annex A. System simulation assumptions

Table 1. Key simulation parameters

	Feature/Parameter
	
	Value/Description

	Operation Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	NW synchronicity
	
	Asynchronous NW

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	375 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	10

	Number of control symbols per TTI
	
	4

	3GPP Macro Cell Scenario
	Cell layout
	57 sectors



	
	Inter site distance (ISD)
	500 m (3 and 30 km/h)and 1732 m (120 km/h)

	
	Minimum distance between UE and cell site
	35 m

	
	Number of UEs per sector
	30

	
	Antenna pattern
	70-degree sectored beam

	Distance-dependent path loss
	
	128.1 + 37.6log10(r)

	Shadowing standard deviation
	
	8 dB

	Shadowing correlation distance
	
	50 m

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Multipath delay profile
	
	Typical Urban

	UE Speed
	
	3kmh, 30kmh and 120kmh

	Time-To-Trigger
	
	200 ms

	
	
	

	HO Decision delay
	
	Normally distributed with 100 ms mean value and 40 ms deviation

	HO Margin
	
	3dB

	Receiver
	
	2RX MRC

	DRX parameters
	OnDuration length
	2ms

	
	Long cycle length
	40ms, 80ms, 160ms, 320ms, 640ms

	
	Short cycle length
	40 ms

	
	Short cycle timer
	240 ms

	
	Inactivity timer
	5 ms

	
	Retransmission timer
	5 ms

	Ping-pong HO time interval
	Assume UE is connected to eNB1and first makes HO to eNB2 and then back to eNB1. If the second HO happens within the ping-pong HO interval, the handover is a ping-pong HO
	5 seconds

	
	
	

	RSRP Measurement
	Measurement Bandwidth
	6 PRBs

	
	Measurement Interval
	One DRX cycle

	
	Measurement Period
	5 DRX cycles

	
	Relative measurement Error
	3 dB
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