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Discussion and Decision
1      Introduction
HetNet mobility performance with DRX is one of the SI objectives [1] and there were contributions investigating this issue (e.g. [5] and [6]). Email discussion [77bis#30] was related to capture DRX performance results.
This contribution provides simulation results to evaluate HetNet mobility performance with DRX. 
2      Discussion
Simulation assumptions are same with those used in calibration stage (as captured in TR 36.839 [2]) and are listed in Annex A. 
When DRX is used, UE performs RLM and RSPR measurement according to TS 36.133 [3]; specifically for RLM, the physical layer in UE assesses the radio link quality every DRX period (according to TS 36.213 [4]). The simulation is focused on HetNet mobility performance, therefore neither the detailed DRX behavior (e.g. various DRX timers like onDurationTimer, drx-InactivityTimer) nor other aspects (e.g. HARQ retransmissions) are modelled.
RLF/HOF performance
RLF and HOF performance are shown in Figure 1 and Figure 2 below. Simulation results show that for HetNet scenario, RLF decreases when 40 or 80 ms DRX cycles are used, and RLF increases for larger DRX cycles. The results are somehow counter-intuitive for 40 or 80 ms DRX cycles. This fact might be related to how RLF is evaluated. In current simulation model, RLF L1 samples are linearly filtered within the evaluation period. When comparing 40 or 80 DRX cycle performances with non-DRX performance, the longer evaluation period might help to averaging out the deep fading effect therefore to reduce RLF rate. When larger DRX cycles are used, the dominating factor is that RSRP evaluation period is so large that UE cannot handover to better cells quickly. So the key issue here is that RLF metric used in the simulation might not objectively reflect the radio condition. Similar trend is observed for HOF, since state 2 HOF is mainly caused by RLF. 
In addition, when comparing RLF and HOF performance of Macro Only vs. HetNet, it is obvious that the performance in HetNet is much worse compared with Macro Only case when DRX is used. The observation is aligned with the case that DRX is not used. 
Observation 1: when DRX is used, RLF and HOF performance in HetNet is much worse compared with Macro Only case.
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Figure 1: RLF performance
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Figure 2: HOF performance
Short ToS performance
Short ToS performance is shown in Figure 3 below. It can be clearly seen that with longer DRX cycles, short ToS rate decreases significantly. The reason is that measurement period Tmeasure_intra is 5 DRX cycles when DRX cycle is larger than 40 ms. For example, when DRX cycle is 160 ms, the measurement period is 800 ms. Since UE evaluates A3 event less frequently when DRX is used, short ToS ratio decreases. The exception is 40 ms DRX cycle where measurement period is 200 ms.
Observation 2: short ToS rate decreases when DRX is used (except for 40 ms DRX cycle); the longer the DRX cycle, the smaller short ToS rate.
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Figure 3: Short ToS
3      Conclusion
In this contribution, we provide simulation results to investigate mobility performance when DRX is used, and have following observations:
Observation 1: when DRX is used, RLF and HOF performance in HetNet is much worse compared with Macro Only case.

Observation 2: short ToS rate decreases when DRX is used (except for 40 ms DRX cycle); the longer the DRX cycle, the smaller short ToS rate.
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Annex A Simulation assumptions
Large scale simulation uses bouncing circle model.
Table A-1: Radio configurations for macro and pico cells
	Items 
	Macro cell 
	Pico cell

	ISD
	500m
	

	Distance-dependent path loss 
	TR 36.814 [4] Macro-cell model 1
	TR 36.814 [4] Pico cell model 1

	Number of sites/sectors
	19/57
	1

	BS Antenna gain including Cable loss 
	15dB
	5dB

	MS Antenna gain 
	0 dBi
	0 dBi

	Shadowing standard deviation 
	8 dB 
	10 dB 

	 Correlation distance of Shadowing

NOTE: this is the distance where correlation is 0.5 (not 1/e as defined in TR 36.814 B.1.2.1.1)
	25 m
	25 m

	Shadow correlation
	0.5 between cells/ 1 between sectors
	0.5 between cells

	Antenna pattern
	The same 3D pattern as is specified in TR 36.814,  Table A.2.1.1-2 [4]
	Omni, as is specified in TR 36.814, Table A.2.1.1.2-3 [4]

	Carrier Frequency / Bandwidth 
	2.0Ghz/ 10MHz 
	2.0Ghz/ 10MHz 

	BS Total TX power 
	46 dBm 
	30dBm 

	Penetration Loss
	20dB
	20dB

	Antenna configuration
	1x2
	1x2

	Minimum distance
	The same requirements as specified in TR 36.814 [4].


Table A-2: RRM/RLM configurations
	Items
	Description

	Pico cell placement
	For 1 pico/macro case, fixed location(s) as shown in Figure 5.4.5.1-2 of TR [2]; for 2/4/10 picos/macro case, random pico placement.

	Cell loading 
	100%

	UE speed 
	30km/h

	Channel model 
	TU (fast fading included)

	TimeToTrigger  [ms]
	160

	A3-offset [dB]
	2

	TMeasurement_Period, Intra,  L1 filtering time in TS36.133 
	Depending on DRX configuration

	Layer3 Filter Parameter K
	1

	measurement error modelling
	To obtain the 90% bound for +/- 2 dB, a normal distribution with deviation = 2 dB / (sqrt(2)*erfinv(0.9)) = 1.216 dB can be used (ref: TS36.133 [2])

	Handover preparation (decision) delay
	50ms

	Handover execution time
	40ms
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