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1
Introduction
In the last RAN4 meeting, some alternatives for measurement reporting (MR) in DRX mode were discussed when the DRX cycle length is much longer than Time to trigger (TTT) [1]. In this contribution, system simulation results are provided on each alternative and they present how much they impact on handover performances. For the convenience the alternatives in [1] are summarized below:
· Alt.1: The MR is sent before TTT expires.
· Alt.2: The MR is sent at the active-time of DRX cycle after TTT has expired.

· Alt.3: The MR is sent exactly when TTT has expired, even though the UE is still in DRX cycle.
2
Simulation Assumptions
The network is consisted of 3-sectored cells. There are 19 hexagonal cells, or equivalently 57 sectors in the network. Throughout the simulations, there is one UE and it was simulated 40 times. Statistics are gathered by the 40 results. Two network deployments are tested: the inter-site-distance is 500 m and 3000 m, i.e. the cell radius is 288 and 1732 m, respectively. Three different speeds are tested: 3, 50 and 200 km/h. In each trial UE is placed at random positions in the network and it moves at random directions with a fixed speed throughout the simulations. Moreover, for relatively small DRX cycle length and TTT, one more speed is tested: 100 km/h to assume more realistic scenario. The UE was only doing measurements once for each DRX period. The key simulation parameters are shown in Table 1 and other common parameters are shown in Annex A.
Table 1: The list of simulation parameters

	Parameters
	Value

	Cellular layout
	19 base stations/ 3 sectors per cell

	Inter-site distance
	500 [m], 3 [km]

	Minimum distance between UE and cell site
	35 m

	Antenna pattern
	75-degree sectored beam

	Shadowing correlation between cells/sectors
	0.5 / 1.0

	Traffic model
	Full load

	Propagation condition 
	Typical Urban

	UE Speed
	3, 50, 100 and 200 km/h (100 km/h for only DRX cycle length 320 ms)

	Receiver diversity
	2RX MRC

	Hysteresis
	3 [dB]

	Time to trigger
	200, 640 [ms] (See Table 2)

	DRX cycle length
	320, 1280 [ms] (See Table 2)

	RSRP measurement bandwidth
	1.08 MHz (6 RB)

	HO delay
	0 [ms]

	Number of UEs in the simulation
	1 (simulated 40 times)

	Simulation time 
	300 [sec] per each trial


In our simulations, two groups are tested. The first one is for relatively large DRX cycle length: 1280 ms and TTT is set 640 ms. The second one is for relatively small DRX cycle length: 320 ms and TTT is set 200 ms. Table 2 shows the configurations. It should be noted that Alt. 3 is assumed as non-DRX for simplification to verify in the simulations.
Table 2: The parameter configurations

	No.
	Alternatives
	DRX cycle length [ms]
	The timing to send MR after the criterion has been fulfilled [ms]
	Description

	1-1
	Alt. 1
	1280
	0
	

	1-2
	Alt. 2
	1280
	1280
	

	1-3
	Alt. 3
	40
	640
	Non-DRX is assumed.
MR is sent when TTT has expired exactly.

	2-1
	Alt. 1
	320
	0
	

	2-2
	Alt. 2
	320
	320
	

	2-3
	Alt. 3
	40
	200
	Non DRX is assumed.

MR is sent when TTT has expired exactly.


3
Simulation Results

In the system simulations, the RS SINR distribution from the camped cell was investigated. It would be one of the key performance measures to verify whether handovers would be successful or not.
3.1
DRX cycle length 1280 ms and TTT 640 ms
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Figure 1: The RS SINR distribution from the camped cell (UE speed 3 km/h and ISD 500 m)
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Figure 2: The RS SINR distribution from the camped cell (UE speed 50 km/h and ISD 500 m)
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Figure 3: The RS SINR distribution from the camped cell (UE speed 200 km/h and ISD 500 m)
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Figure 4: The RS SINR distribution from the camped cell (UE speed 3 km/h and ISD 3000 m)
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Figure 5: The RS SINR distribution from the camped cell (UE speed 50 km/h and ISD 3000 m)
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Figure 6: The RS SINR distribution from the camped cell (UE speed 200 km/h and ISD 3000 m)
It can be seen that the RS SINR for each Alt .1 and 2 has been decreased significantly in medium and high speed at low SINR in ISD 500 m. On the other hand, in case ISD 3000 m, the RS SINR has been improved in medium speed, however it seems still be problematic in high speed. It should be noted that Alt. 1 and 2 are almost identical in these scenarios. It indicates that the handovers are challenging when large DRX cycle length (e.g. 1280 ms) is configured even though TTT is considered as either shorter or longer.
3.2
DRX cycle length 320 ms and TTT 200 ms
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Figure 7: The RS SINR distribution from the camped cell (UE speed 100 km/h and ISD 500 m)
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Figure 8: The RS SINR distribution from the camped cell (UE speed 200 km/h and ISD 3000 m)

It can be seen that the degradation in DRX mode could be improved with small DRX cycle length (e.g. 320 ms) in these cases compared to large DRX cycle length and it would not be a big problem. It indicates that it would not matter whether MR should be sent before or after TTT expires, but TTT values or DRX cycle length would be key parameters for handover performance. Based on this analysis, we propose that Alt. 2 would be applied to the measurement reporting behaviours in DRX mode, because it is the simplest.
4
Conclusions
This contribution provided our system simulation results compared to some alternatives of how to measure and send the MR when DRX is configured. The simulation results derived the following conclusions:
· With the large DRX cycle, it would be a big problem since there are few occasions to do the measurements to evaluate the criterion to send MR in high speed. However it does not matter whether TTT is sent before or after TTT expires.
· With the small DRX (e.g. 320 ms), there would be no degradation even though DRX is configured since the sampling rates are sufficient.

· The above two observations imply that it would not matter whether or not the MR should be sent before or after TTT expires. 
· As a conclusion, we propose that the MR should be sent at the active-time of DRX cycle after TTT has expired, because it would be the simplest.
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Annex A: Simulation parameters
	Feature/Parameter
	Value/Description

	Bandwidth
	5 MHz

	IFFT/FFT length
	512

	Duplexing
	FDD

	Number of sub-carriers
	300

	Sub-carrier spacing
	15 kHz

	Resource block bandwidth
	180 kHz

	Sub-frame length
	1 ms

	Reuse factor
	1

	Number of symbols per TTI
	14
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