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1 Introduction

In the previous meetings, the DRX mobility in HetNet was discussed in [1]~[3]. In RAN2 #77 meeting, it was agreed to investigate further the impact of DRX settings on handover performance as follows [4]:

We will investigate further the impact of DRX settings on the handover performance.
Based on the agreement above, we investigate whether there are HetNet specific issues when DRX is used, by comparing the mobility performance of UE in Homogeneous network (HomoNet) and HetNet. Simulations are performed to evaluate the change rate of mobility performance metrics with DRX and without DRX for HomoNet and HetNet, respectively.
2 Discussion
2.1 DRX mechanism in R8
If the latency requirements of the ongoing services are not very strict, a UE in RRC_CONNECTED may be configured with a DRX cycle. During the DRX, the UE has opportunities to switch off its receiver to save battery power and only briefly wake up to monitor the L1/L2 control signaling. DRX mechanism is one tradeoff between packet delivery delay and UE power consumption.
From the eNB perspective, DRX imposes restrictions to the packet scheduler i.e. UE can be scheduled only in the active time. Which subframes are included in the active time is explicitly specified in TS 36.321.
From the UE perspective, the UE only monitors the PDCCH in active subframes to check whether any packet is addressed for it. As for the mobility related performance requirements including radio link monitoring (RLM), cell identification and measurements, they are categorized by UE DRX state, i.e. when no DRX is used and when DRX is used.  On one hand, when on DRX is used, it means the UE has lots of active “candidate” subframes to perform RLM, cell identification and measurements.  Thus the evaluation time of RLM, cell identification time of identifiable cells and measurement period are relatively short with sufficient samples to fulfill the minimum performance requirements. On the other hand, typically UE will only perform RLM, cell identification and measurements during active subframes when DRX is used to make full use of the power saving benefits of DRX. In this case the evaluation time of RLM, cell identification time of identifiable cells and measurement period are rather longer.
2.2 DRX in HetNet
As clearly stated in the SID- “HetNet mobility improvements for LTE”, DRX in HetNet is one important aspect to be studied for robust mobility functionality. 
· Robust mobility functionality under various supported assumptions for the availability of UE measurements (including DRX functionality) shall be ensured/taken into account as well as UE power consumption and complexity (RAN2, RAN4)

Though some interesting simulation results were provided in [1]~[3], there is still lack of extensive results from different companies on the mobility performance when UE is in DRX. It is also preferable to have more thorough discussions on modeling realistic deployment in the simulation. 
Compared to the case where no DRX is used, there are some critical differences when UE is in DRX state from the mobility measurement perspective.
· Availability of UE measurements
As indicated in section 2.1, the availability of UE measurements is very different when no DRX is used and when DRX is used. When no DRX is used, the UE can utilize each downlink subframe for RLM and RRM measurement. Similarly UE can use every subframe 0 and subframe 5 for cell identification. However when DRX is used, only in active subframes can UE performance these measurements. For example, the measurement period for intra-frequency when no DRX is used is 200ms while the measurement period when DRX is used is 5×1280ms=6400ms. Here we assume the DRX cycle is 1280ms. Apparently this will significantly impact the mobility performance due to the large delay of the measurement results. It should be noted that this corresponds to the UE minimum performance requirements. Similar influences can also be seen for the RLM and cell identification. The cell identification time when DRX is used should follow the requirements specified in “8.1.2.2.1.2 E-UTRAN intra frequency measurements when DRX is used” in TS 36.133 for different DRX cycle not the 800ms which is used when no DRX is used.
· Traffic pattern

Different from the non DRX case, the DRX can adaptively provide power saving opportunities especially for the bursty service. Thus it is proposed to introduce such kind of traffic model in the DRX simulations as used in [3].
· Power consumptions

When no DRX is used, UE will “wake up” at least in the control region for each subframe anyway. This will clearly make the UE power consumption at one high level. 
When DRX is used, typically UE can switch off the receiver circuitry to preserve power consumption. However this does not mean the UE power consumption is totally zero. Because the UE power saving capability is highly implementation specific and this power saving benefits are important evaluation metric, one simple power consumption model should be utilized for power consumption evaluation. We propose the ratio of active time to the total time be collected for simulation alignment. 
· Delivery of handover related message

For the downlink message, i.e. handover command, it is obvious that this message should be delivered to the UE when UE is in active time. While for the uplink, it should be clarified in the simulations when the measurement reporting MSG and HO CMP message will be sent. It is proposed the measurement reporting MSG and HO CMP message be sent only during the active time.
3 Simulation results and analysis
The mobility performances of UE both in Homogeneous network and HetNet are evaluated with the above considerations on DRX. The purpose is to check whether there are HetNet specific issues when DRX is used in HetNet. Given a DRX configuration, we can collect mobility performance metrics, such as handover failure rate, ping-pong handover rate, radio link failure rate, and UE power consumption. Taking handover failure rate as example, when long DRX cycle is 80ms, we can obtain the following metrics as in Table 1,
Table 1 Handover failure rate in different scenarios
	
	
	Non-DRX
	DRX
	
	

	80ms
	HomoNet
	a
	b
	b/a
	(d/c)∕(b/a)

	
	Het-Net
	c
	d
	d/c
	


Given common simulation assumptions are used for HomoNet and HetNet scenarios, the change rate ratio (d/c)∕(b/a) can compare the impact of DRX on handover failure rate in HetNet and HomoNet. A change rate ratio smaller than 1 indicates the impact of DRX on the handover failure rate is less in HetNet than in HomoNet, In the following discussions, similar change rate ratio is also defined for ping-pong handover rate, radio link failure rate, and UE power consumption. The complete simulations results can be found in Annex 2.
Some observations:

· Handover failure rate and radio link failure rate: when the speed of UE is low (3km/h), the handover failure rate and radio link failure rate are both negligible. As UE speed increases to 30km/h, handover failure rate and radio link failure rate increase for both non-DRX and DRX cases. Furthermore, the performance of handover failure and radio link failure are worse in DRX case than in non-DRX case due to the decrease in RRM measurement opportunities. But if comparing the performance change between with DRX and without DRX, the increase rates of HOF and RLF in HetNet are always smaller than those in HomoNet for all DRX cycles.
· Ping-Pong handover rate: fewer ping-pong handovers are observed when DRX is configured, regardless of the length of DRX cycles and UE speed (low or medium). One reason is that when DRX is used, the reduction in RRM measurement opportunities slows down the handover process and decreases the probability of UE being handed right back to the original source cells. As far as the change rate ratio is concerned for ping-pong handover rate, it is close to one with short DRX cycle (e.g. 80ms and 160ms), and smaller than one with long DRX cycles.
· UE Power consumption: when the speed of UE is medium (30km/h), the ratios of active time to the total simulation time range from 11% to 17%. This indicates very big power saving benefits when DRX is used. Regarding the impact of DRX on UE power consumption in HetNet and HomoNet, the change rate ratio is close to one, i.e. there is no clear difference.
Based on the above observations, we can see that DRX can be very beneficial to UE power consumption. More interesting, however, is the use of DRX configuration can even make some mobility performance metrics a bit better to UE with low to medium speed. And the negative impact of DRX on other mobility performance metrics is less severe in HetNet than in HomoNet. This should be taken into account when any enhancements of DRX in HetNet are proposed.
4 Conclusion

This contribution investigates whether there are HetNet specific issues when DRX is used, by comparing the mobility performance of UE in Homogeneous network and HetNet. With the same configuration of DRX in HetNet and Homogeneous network, it is interesting to see that the introduction of DRX in HetNet can even make some mobility performance metrics a bit better to UE with low to medium speed. And simulation results show that the negative impact of DRX on other mobility performance metrics is less severe in HetNet than in HomoNet. Thus it is somewhat questionable to enhance DRX specifically for HetNet mobility. Before final conclusion can be reached, more simulations are needed to compare the impact of DRX on mobility performance in HomoNet and HetNet for UE with higher speed.
Proposal: Further comparisons of the impact of DRX on mobility performance in homogeneous network and heterogeneous network are needed before conclusion can be reached on HetNet specific DRX enhancement.
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Annex 1 Simulation assumptions
Table A1, Basic simulation parameters
	Feature/Parameter
	
	Value/Description

	Bandwidth
	
	10 MHz

	IFFT/FFT length
	
	1024

	Duplexing
	
	FDD

	Number of sub-carriers
	
	600

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	180 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	11

	Number of control symbols per TTI
	
	3

	3GPP Macro Cell Scenario
	Cell layout
	57 sectors/19 BSs

	
	Inter site distance (ISD)
	500 m

	Pico cell layout
	Distance to eNB
	0.5 ISD

	
	Location
	Bore sight location

	
	Picos/macro cell
	1

	Macro-pico deployment type
	
	Co-channel

	Hotspot for UE movement/placement
	Radius (around pico cell)
	100 m

	Distance-dependent path loss
	Macro cell model (TS 36.814, Model 1)
	128.1 + 37.6log10(r)

	
	Pico cell model (TS 36.814, Model 1)
	140.7 + 36.7log10(r)

	BS Tx power
	Macro

Pico
	46 dBm

30 dBm

	UE Tx power
	
	23 dBm

	Shadowing standard deviation
	Macro

Pico
	8 dB

10 dB

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Shadowing correlation distance
	Macro

Pico
	25 m

25 m

	Penetration loss
	
	20 dB

	Multipath delay profile
	
	Typical Urban

	Receiver diversity
	
	2RX MRC

	Interference modelling
	
	UL: Explicit modelling (all cells occupied by UEs), 
DL: Explicit modelling else cell power = Ptotal

	Schedule policy
	
	PF

	DL Interference load
	Macro, Pico
	100% RBs loaded

	
	
	


Table A2, Measurement and mobility parameters
	Feature/Parameter
	
	Value/Description

	UE velocity
	
	3, 30 km/h

	UE movement
	
	Straight line throughout the call

	UE placement
	Proportion in pico hotspot
	2/3

	RSRP Measurement
	L1 measurement Interval

Measurement bandwidth

Measurement error standard deviation

L1 sliding window size
	40 ms or DRX cycle length

6 RBs for all cells

2 dB

5 L1 measurement Interval

	L3 filtering
	
	fc4

	Events that trigger a handover
	
	A3

	Offset/TTT
	
	2 dB/160 ms 

	Handover preparation time
	
	50 ms

	Measurement report
	
	Modelled and sent as RRC message

	Handover Command
	
	Modelled and sent as RRC message

	HO complete
	
	Modelled and sent as RRC message

	Radio link failure monitoring
	Qout threshold

Qin threshold

T310
	-8 dB

-6 dB

1000 ms


Table A3, DRX configurations

	
	Value/Description

	onDurationTimer
	5, 50, 200 ms

	drx-InactivityTimer
	10 ms

	drx-RetransmissionTimer
	5ms

	HARQ RTT timer
	8ms

	longDRX-Cycle
	80, 160, 320, 640, 1280, 2560 ms

	shortDRX
	40ms

	Short cycle duration
	½ long cycle length (max 640 ms)


Annex 2 Simulation results
· 3km/h
HOF
	
	
	Non-DRX
	DRX
	DRX/non-DRX
	Het-Net/Hom-Net

	80ms
	Hom-Net
	0
	0
	N/A*note
	N/A

	
	Het-Net
	0
	0
	N/A
	

	160ms
	Hom-Net
	0
	0
	N/A
	N/A

	
	Het-Net
	0
	0
	N/A
	

	320ms
	Hom-Net
	0
	0
	N/A
	N/A

	
	Het-Net
	0
	0
	N/A
	

	640ms
	Hom-Net
	0
	0
	N/A
	N/A

	
	Het-Net
	0
	0
	N/A
	

	1280ms
	Hom-Net
	0
	0
	N/A
	N/A

	
	Het-Net
	0
	0.013
	N/A
	

	2560ms
	Hom-Net
	0
	0.017
	N/A
	N/A

	
	Het-Net
	0
	0.038
	N/A
	


*note: there is no handover failure in non-DRX case, so the ratio of DRX/non-DRX is set to N/A. Similar definition for other N/A.
RLF

	
	
	Non-DRX
	DRX
	DRX/non-DRX
	Het-Net/Hom-Net

	80ms
	Hom-Net
	0
	0
	N/A
	N/A

	
	Het-Net
	0
	0
	N/A
	

	160ms
	Hom-Net
	0
	0
	N/A
	N/A

	
	Het-Net
	0
	0
	N/A
	

	320ms
	Hom-Net
	0
	0
	N/A
	N/A

	
	Het-Net
	0
	0
	N/A
	

	640ms
	Hom-Net
	0
	0
	N/A
	N/A

	
	Het-Net
	0
	0
	N/A
	

	1280ms
	Hom-Net
	0
	0
	N/A
	N/A

	
	Het-Net
	0
	0.011
	N/A
	

	2560ms
	Hom-Net
	0
	0
	N/A
	N/A

	
	Het-Net
	0
	0.025
	N/A
	


Ping-Pong

	
	
	Non-DRX
	DRX
	DRX/non-DRX
	Het-Net/Hom-Net

	80ms
	Hom-Net
	0.0617
	0.049
	0.794165316
	1.086045918

	
	Het-Net
	0.08
	0.069
	0.8625
	

	160ms
	Hom-Net
	0.0617
	0.047
	0.761750405
	1.099441489

	
	Het-Net
	0.08
	0.067
	0.8375
	

	320ms
	Hom-Net
	0.0617
	0.043
	0.696920583
	0.807122093

	
	Het-Net
	0.08
	0.045
	0.5625
	

	640ms
	Hom-Net
	0.0617
	0.046
	0.74554295
	0.687418478

	
	Het-Net
	0.08
	0.041
	0.5125
	

	1280ms
	Hom-Net
	0.0617
	0.053
	0.858995138
	0.465660377

	
	Het-Net
	0.08
	0.032
	0.4
	

	2560ms
	Hom-Net
	0.0617
	0.051
	0.826580227
	0.393186275

	
	Het-Net
	0.08
	0.026
	0.325
	


· 30km/h
HOF

	
	
	Non-DRX
	DRX
	DRX/non-DRX
	Het-Net/Hom-Net

	80ms
	Hom-Net
	0.02
	0.049
	2.45
	0.654468684

	
	Het-Net
	0.058
	0.093
	1.603448276
	

	160ms
	Hom-Net
	0.02
	0.096
	4.8
	0.657327586

	
	Het-Net
	0.058
	0.183
	3.155172414
	

	320ms
	Hom-Net
	0.02
	0.08
	4
	0.771551724

	
	Het-Net
	0.058
	0.179
	3.086206897
	

	640ms
	Hom-Net
	0.02
	0.06
	3
	0.683908046

	
	Het-Net
	0.058
	0.119
	2.051724138
	

	1280ms
	Hom-Net
	0.02
	0.05
	2.5
	0.668965517

	
	Het-Net
	0.058
	0.097
	1.672413793
	

	2560ms
	Hom-Net
	0.02
	0.124
	6.2
	0.394883204

	
	Het-Net
	0.058
	0.142
	2.448275862
	


RLF

	
	
	Non-DRX
	DRX
	DRX/non-DRX
	Het-Net/Hom-Net

	80ms
	Hom-Net
	0.012
	0.031
	2.583333333
	0.587319244

	
	Het-Net
	0.029
	0.044
	1.517241379
	

	160ms
	Hom-Net
	0.012
	0.038
	3.166666667
	0.871143376

	
	Het-Net
	0.029
	0.08
	2.75862069
	

	320ms
	Hom-Net
	0.012
	0.04
	3.333333333
	0.879310345

	
	Het-Net
	0.029
	0.085
	2.931034483
	

	640ms
	Hom-Net
	0.012
	0.04
	3.333333333
	0.931034483

	
	Het-Net
	0.029
	0.09
	3.103448276
	

	1280ms
	Hom-Net
	0.012
	0.066
	5.5
	0.564263323

	
	Het-Net
	0.029
	0.09
	3.103448276
	

	2560ms
	Hom-Net
	0.012
	0.12
	10
	0.637931034

	
	Het-Net
	0.029
	0.185
	6.379310345
	


Ping-Pong

	
	
	Non-DRX
	DRX
	DRX/non-DRX
	Het-Net/Hom-Net

	80ms
	Hom-Net
	0.1527
	0.068
	0.445317616
	1.296170812

	
	Het-Net
	0.2027
	0.117
	0.577207696
	

	160ms
	Hom-Net
	0.1527
	0.062
	0.406024885
	1.105694097

	
	Het-Net
	0.2027
	0.091
	0.448939319
	

	320ms
	Hom-Net
	0.1527
	0.041
	0.268500327
	0.955442983

	
	Het-Net
	0.2027
	0.052
	0.256536754
	

	640ms
	Hom-Net
	0.1527
	0.068
	0.445317616
	0.830878725

	
	Het-Net
	0.2027
	0.075
	0.370004933
	

	1280ms
	Hom-Net
	0.1527
	0.063
	0.412573674
	0.801160523

	
	Het-Net
	0.2027
	0.067
	0.330537741
	

	2560ms
	Hom-Net
	0.1527
	0.069
	0.451866405
	0.862508312

	
	Het-Net
	0.2027
	0.079
	0.38973853
	


Power consumptions

	
	
	Non-DRX
	DRX
	DRX/non-DRX
	Het-Net/Hom-Net

	80ms
	Hom-Net
	10000
	1572
	0.1572
	0.994910941

	
	Het-Net
	10000
	1564
	0.1564
	

	160ms
	Hom-Net
	10000
	1310
	0.131
	1.028244275

	
	Het-Net
	10000
	1347
	0.1347
	


	320ms
	Hom-Net
	10000
	1346
	0.1346
	0.995542348

	
	Het-Net
	10000
	1340
	0.134
	

	640ms
	Hom-Net
	10000
	1587
	0.1587
	1.003150599

	
	Het-Net
	10000
	1592
	0.1592
	

	1280ms
	Hom-Net
	10000
	1702
	0.1702
	0.962984724

	
	Het-Net
	10000
	1639
	0.1639
	

	2560ms
	Hom-Net
	10000
	1193
	0.1193
	0.938809723

	
	Het-Net
	10000
	1120
	0.112
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