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1
Introduction
As shown in our previously contributed papers [1] as well as in [2] and proposed to include in the HetNet TR [3], one of the most challenging mobility use cases in HetNet is Pico outbound handover when connected mode DRX with long length cycles. The challenge has its roots in combination of long measurement interval, UE velocity and the fact that the handover reaction time or region is very narrow. Therefore we see this case as one of the most urgent HetNet mobility cases to solve – Being valid in both intra-frequency small cell deployments as well as inter-frequency small cell deployments.

In this paper we will present a method that can significantly reduce the Pico outbound mobility problem for faster moving UEs even when Connected mode DRX is applied. I.e. the method enables the network to configure UEs with long DRX in small cells in a HetNet environment without compromising the mobility robustness.
2
Solution
As have been proven by earlier contributions there is a significant challenge in maintaining robust Pico cell outbound mobility for cases where the UE is configured with and applies connected mode DRX using long length DRX cycles (i.e. over 160-320ms). Addressing this problem simply by not using longer DRX periods in small cells does not provide a future proof solution aiming at enabling efficient UE power savings e.g. for smart phones which are likely to spend most of the time in connected mode as described regularly in EDDA WI. As mentioned in [4] we see it important to enable robust mobility independently from the configured and applied connected mode DRX. This way it becomes possible to gain maximum power saving opportunities for future smart devices.
What we propose is that the UE upon entering a small cell – e.g. a Pico cell – will perform additional measurements for a given limited time period after an inbound handover. These measurements will be performed independently from the configured connected mode DRX and only for a limited time period. The principle of the solution is illustrated in figure 1. For high speed UE the solution enables early enough detection of handover event based on more frequent measurements.
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Figure 1: Additional measurement solution in principle
Compared to REL-10 behavior, triggering additional measurements after an inbound handover has following benefits:

-
Solution is applied when needed – i.e. in small cells;
-
Fast moving UE will have measurements available for mobility;

-
Slow or non-moving UE will not be impacted significantly on the power consumption;

-
It will enable configuration of long connected mode DRX without compromising mobility robustness, network KPIs or UE power consumption;
Some impact on the UE power consumption can be predicted, but this will depend highly on the UE movement.

3
Performance
3.1
Simulation setup
We have implemented the above solution in our fully dynamic system simulator and executed a set of simulations according to the following setup:

The simulation setup has been similar to the one used in [5] apart from the DRX parameterization. The used scenario has been similar as described in [6] with random deployment of Pico cells in macro cell area. 4 Pico cells have been deployed per macro cell on same frequency layer as macro. UEs move freely using straight line of movement in the wrap-around simulation area. All cells have been fully loaded i.e. interference in the simulation scenario is high. The general parameterization has been according to [3] with more detailed modelling as described in [5]. The used parameters are described in detail in Appendix A.
3.2
Simulation results
Based on the solution description in section 2 and the simulation setup described in section 3.1 we have executed a set of simulations where we have varied the DRX period as well as the period during which the UE makes additional measurements after a Pico inbound handover. This period of time is called ‘window’ in figure 1. During the window UE takes measurements in 80 ms intervals. The result of applying the additional measurement window after inbound handover we see in figure 1 where the handover failure rates (in %) as a function of applied DRX and the window length is illustrated.

For comparison purposes, we have also illustrated the handover failure rate for the case when the feature is not applied – i.e. this is what can be reached with the existing Rel-10 mobility procedure if no new mobility improvements are applied but only relying on optimizing handover parameters. We see this as the reference case with ‘Window: off’. The results in figure 1 show that the impact for the UEs that apply this feature by traveling through the Pico cell making both inbound and outbound handovers is significant on the failure rate of pico outbound handovers.
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Figure 2: Pico outbound handover failure rate
As we can see from the results in figure 2, there is a significant decrease in the Pico outbound handover failure rates when additional measurements are taken after an inbound handover for given limited time period, particularly with UE speed of 30 kmph. Even quite short DRX cycles benefit from this feature. As the applied connected mode DRX cycles get longer we see that the gain from the feature significantly increases – as expected. Although the longest DRX cycles do not increase the mobility problems significantly if UE is moving slow (here 3 km/h), this solution can decrease the failure rate even further. A 5 second window for additional measurements seems not to be enough in all the cases (e.g. UE moves through the center of a Pico cell), but already using a 10 second window provides very good results which are very close to those obtained with 15 second window. There is still an effect of increased handover failures due to very long DRX cycles even with the solution due to effects caused by the timing of inbound handover, but the failure rate is significantly lower than without the solution.
As mentioned these are results from a fully loaded system which increases the interference. This of course influences the results in negative direction in form of increased handover failures, as shown in the simulation results of paper [5], compared to perhaps more realistic environment with lower load than full load.
Figure 3 shows UE radio power consumption rate vs. total handover failure rate (meaning handover performance between all cell types combined including macro and pico cells). The dots marked with ‘X’ show performance without any additional measurements after handover to a small cell (i.e. existing baseline behavior). Triangles show performance with additional measurements for 10 seconds (30 kmph UE moves about 83 meters) after an inbound handover. Due to dense deployment of Pico cells in this scenario Pico related handovers are significant part of the mobility performance in the whole scenario. We see a significant decrease of handover failures due to the use of additional measurements with rather minor impacts in power consumption. E.g. standard DRX cycle of 80 ms has about the same handover failure rate as DRX cycle 160 ms with additional measurements solution, but 160 ms cycle provides far better opportunity for power saving. When taking into account the fact that in the simulated scenario the interference rate is very high in both DL and UL, even 640 ms DRX cycle can provide rather good mobility performance with the additional measurement solution. The power consumption stays quite flat even in high mobility case from 640 ms DRX cycle to 1280-2560 ms cycles. However, it is seen in [1] that power consumption of slow moving UE can be decreased further with the longest DRX cycles.
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Figure 3: Average radio power consumption vs. total handover failure rate (30kmph)

Figures 4 and 5 show more detailed view of the power consumption estimates in CDFs with UE speed of 3 and 30 kmph. It is clearly visible that overall power consumption impact of the proposed solution is far smaller than the impact of using shorter DRX cycles. This is due to the limited time when additional measurements are taken. In some long DRX cycle cases e.g. 640 ms – UE speed 30 kmph, using the proposed solution can even provide same power consumption for some UEs as standard DRX use due to the smaller amount of RLF related signalling and control message retransmissions.
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Figure 4: Radio power consumption CDF (3 kmph)
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Figure 5: Radio power consumption CDF (30 kmph)

4
Conclusion
In this paper we have presented one solution proposal on how to improve Pico outbound mobility robustness in a HetNet environment. By using an approach of letting the UE perform additional measurements during a time limited period after inbound handover to Pico cell our simulation results show a significant drop in the Pico outbound handover failure rates. For DRX period of 1280ms we see a drop in pico outbound handover faiure rate from approximately 57% to less than 10%.
The results presented in this paper show clear improvement in the handover failure rate when applying increased measurements for short time period after inbound handover to Pico cells. Pico outbound handover failure rate drops significantly and this improvement can be achieved whith only minor negative impact on the UE power consumption. I.e. we achieve a clear improvement in mobility robustness with long DRX cycles without compromising the UE power consumption.
We therefore propose to include this as a solution candidate in TR
Proposal 1: Capture the solution proposal described in this paper as a solution candicate in the TR.
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Appendix A: Simulation parameters
	Feature/Parameter
	
	Value/Description

	DRX
	Long cycle length

Short cycle length

Short cycle duration

Inactivity timer

On duration timer
	80, 160, 320, 640, 1280, 2560 ms

40 ms

½ long cycle length (max 640 ms)

10 ms

5 ms

	Handover parameters
	Handover criteria

A3 baseline offset

A3 baseline time-to-trigger
	Event A3 RSRP

2 dB

160 ms

	Traffic parameters
	Traffic type “keep-alive”:

Packet interval
	Constant 20 seconds

	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 [6]
	Distance to macro
	Minimum 75 m

	
	Distance between Picos
	Minimum 35 m

	
	Location
	Random

	
	Picos/macro cell
	4

	Macro-pico deployment type
	
	Intra-frequency

	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

	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

	Multipath delay profile
	
	Typical Urban

	UE speed
	
	3, 30 km/h

	RSRP Measurement
	L1 measurement cycle
Measurement bandwidth

Measurement error standard deviation
L1 sliding window size
L3 filtering
	40 ms or DRX cycle length

6 RBs

2 dB

5

Disabled

	Handover preparation time
	
	50 ms

	Handover execution time
	
	40 ms

	Radio link failure monitoring
	Qout threshold

Qin threshold
T310
	-8 dB

-6 dB

1000 ms

	Cell identification
	
	Enabled

	Receiver diversity
	
	2RX MRC

	Number of calls
	
	1000 of 140 second calls

	DL Interference load
	Macro, Pico
	100% RBs loaded



