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1. Introduction

In RAN4 meeting #48 the event triggered reporting with DRX active was discussed [1]. The measurement related requirements have been covered in earlier RAN4 meeting and for example the measurement period has been agreed to be scaled as a function of DRX cycle.  Similarly handling of other measurement related time constants like Time-To-Trigger, TTT, requires some consideration.  In this contribution we discuss the possible methods to account the DRX operation in TTT and evaluate different approaches through system simulations.
2. TTT and DRX
In fading conditions TTT introduces stability to the event triggered reporting by requiring that the event criterion is fulfilled over set time. This is especially important in non-DRX mode where L1 measurement period may not be sufficient to limit the impact of fading. However, for DRX mode RAN4 has agreed that the L1 measurement period (in case DRX cycle is longer than 40ms) is extended to 5 DRX cycles. This implies that the time interval between measurement samples would be longer resulting in a more stabile result after the measurement period. And since TTT also introduces also delay to the event triggered reporting it maybe beneficial to reduce the TTT length.

In [1] three different options were considered for the operation of TTT with DRX, and these are briefly summarised here. The operation according to current RAN2 specification, and also coverd in [1] is that UE respects the given TTT and will trigger a measurement report at the excat TTT timeout even if it occurs mid DRX cycle. Even tough the excat time occastions when UE shall be performing measurements is not limited by the specification, it would not seem benefical to triggering a measurement report at mid-DRX as there probably is no new information available. Two other approaches given in [1] assume basically that the TTT is either extended to the next DRX active time or that TTT is shorted and immediate triggering will occur. In principle this can be considered as TTT scaling by the DRX cycle, rounding the residual either up or down to nearest DRX cycle (e.g. (TTT/DRC cycle( or (TTT/DRC cycle().
As the agreed DRX scheme in [3] potentially results in rather flexible UE active time and UE autonomous switching between long and short DRX and non-DRX, other alternative dicussed in  [2] would be that possible changes to the TTT timer due to DRX changes are handled in an eNB controlled but UE autonomously adjusted manner. Hence the eNB would signal potential parameters to be used by the UE and UE uses these to autonomously adjust the TTT length based on specified rules. 

For example when DRX cycle is short or not used (e.g. either because it is not configured or UE is actively scheduled), the UE performs rather continuous intra-frequency measurements while during longer DRX cycles non-continuous intra-frequency measurements are performed.

So to ensure good  mobility performance, it would be desirable that the UE would be able to autonomously adjust the TTT timer used for triggered reporting events to networks. This can be achieved by defining suitable parameter settings for different DRX cycles and the UE would then autonomously follow these settings when the DRX cycle is changed.

One example how this could be realized is:

-
Time To Trigger timer (no DRX/continuous RX/TX) = X ms;

-
Time To Trigger timer (DRX cycle) = a * DRX cycle ms;

Where ‘X’ and ‘a’ would be given in measurement control signalling.

The above very basic rule and behaviour would result in that the UE during active RX/TX (no DRX is applied as inactivity timer will keep the UE in continuous RX mode) will apply TTT timer of a given length, for more robust measurement report triggering and handover triggering. When no data transfer is actively ongoing and the UE is applying DRX, the measurement report triggering will be based on a number of DRX instances, thereby ensuring a minimum number of measurement oppertunities for the UE to base its triggering on.

Another alternative would be to have more than one ‘X’ value in order to separate handling of Short DRX and long DRX TTT timer length. This would enable the most flexibility, but would also imply more signalling load and more parameter tuning for the network.

3. System simulation results
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 both handovers and handover failures was tracked to determine the performance effects of the TTT/DRX combinations. 
3.1
Simulation setup
The simulations were done with (different) fixed DRX periods, where the measurement interval for the UE was equal to the DRX period. This means that the UE was only doing measurements once for each DRX period. The idea behind the simulations was to test evaluate how different TTT handling methods in DRX would work. These were performed with two different ISDs  and different UE velocities.The key simulation parameters are shown in Annex A. Figure 1 depicts the evaluated scenario. It consisted of 19 active sites (57 cells), with the cells where the statistics were collected from highlighted with light blue in the figure. UE mobility is constrained inside these cells and statistics are gathered from these sites. In addition 12 interfering sites, (shown with yellow) are included. The load in interfering sites is mirrored from centre sites, resulting uniform interference conditions over whole area.
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Figure 1. Evaluated scenario
The handovers were done based on RSRP measurements, with the measurements being evaluated over 5 DRX periods. The used handover parameters were similar to those used in UTRA. Handover commands were modelled to be actually transmitted in the simulation, and could fail if not received after 2 ARQ retransmission: In such a case, the handover was considered a failure and RLF would trigger, causing a reselection to another cell.

Time-to-trigger values were set as multiples of the DRX period, with multiples of 0-4 periods being considered. As discussed in section 2 it was felt that assuming the TTT to be integer number of DRX cycles would be most practical approach so that UE would be able to obtain a new measurement sample. 
3.2 Simulation results 

The results of the simulations are shown in figures below for 3, 30 and 120 km/h cases for ISDs of both 500 and 1732 meters. Left hand side figures (even numbered) give the average number handovers per call for different velocities and both ISDs. Right hand figures (odd numbered) give the failed handovers per call. MI on the x-axis indicates the used measurement interval (i.e. DRX cycle).  As the measurement period is 5 DRC cycles, corresponding measurement times are 250ms, 500ms, 1s and 2.5s. 
The amount of handovers and trends are similar for both evaluated ISD distances: Figure 2 shows that at 3km/h increasing the TTT reduces the number of handovers as could be expected and using longer measurement interval (DRX cycle) does the same. Longer DRX cycles reduce the number of handovers because measurement period is reinitiated after the handover creating a delay to the possible event evaluation. At 3km/h no setting (TTT/DRC cycle) shows significant probability for handover failure as shown in Figure 3. 
For 30km/h and 120km/h, Figure 4 and Figure 6 respectively, the number of handovers per call is increased compared to 3km/h case, but the trend is same: Increased TTT or increased measurement interval (DRX cycle) results in decreased number of handovers but also increased number of handover failures. Moreover, the shorter ISD (500m)  cases show higher number of both handovers and handover failures per call.
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Figure 2. Handovers/call, 3 km/h user speed
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Figure 3. Handover failures/call, 3 km/h user speed
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Figure 4. Handover/call, 30 km/h user speed
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Figure 5. Handover failures/call, 30 km/h user speed
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Figure 6. Handovers/call, 120 km/h user speed
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Figure 7. Handover failures/call, 120 km/h user speed


3.3 Summary
These results suggest that it is beneficial to scale TTT down to a small or even zero value in case of large measurement intervals (i.e. DRX cycles) . This is reasonable because the purpose of the TTT is to make event triggering more robust against short term random channel variations, assuming that several new measurements are done while the TTT is running. With the long DRX periods, the measurement period is already extended quite a bit so the results are inherently less sensitive to the short term variations, and in such cases introducing additional delay to the event triggering through TTT has only negative impact. 
For shorter measurement intervals (i.e. DRX cycles) having TTT of few cycles could be considered beneficial as it would help to reduce number of handovers, while the amount of failed handovers would not increase excessively. 
4. Conclusion

In this contribution we have continued the discussion related to event triggered reporting with DRX. Possible approaches for the handling of the TTT in DRX were discussed based on [1] and [2]. The handover performance with different DRX cycles and TTT lengths was evaluated through system level simulations. The obtained results indicate expectidly that with long DRX cycles the extended measurement period provides already robustess agaist the short term channel variations and that having additional delay from TTT is not needed nor benficial. With shorter DRX periods some TTT could be considered to reduce the number of handovers.  Thus it would appear that some solution allowing the TTT to be scaled as a function of DRX cycle length would be beneficial. From possible approaches indicated in Section 2 both could be considered to work.
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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 and 1732 m

	
	Minimum distance between UE and cell site
	35 m

	
	Number of UEs per sector
	10

	
	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
	
	Varied

	HO Decision delay
	
	0ms

	HO Margin
	
	3dB

	Receiver
	
	2RX MRC

	RSRP Measurement
	Measurement Bandwidth
	6 PRBs

	
	Measurement Interval
	One DRX cycle

	
	Measurement Period
	5 DRX cycles

	
	Relative measurement Error
	3 dB


