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1
Introduction
Typically user is not constantly generating data and thus it is likely that in real life there will be numerous traffic bursts that could be short or long but they could be quite far apart in time [10]. Especially usage of DRX is important in scenarios where UE is kept in connected mode for extensive periods and thus the problem of robust mobility with DRX seems to be severe as it is expected that more and more devices will be in always online or connected mode. Solving the pico outbound mobility challenge on system level simply by not using longer DRX periods in small cells does not provide a satisfying solution on system level and especially from UE power consumption point of view. Additionally such an approach is not seen as a future proof solution where it is expected that smart phones are likely to spend most of the time in connected mode (always online).
2
Increased measurements
The solution proposed is that a UE upon entering a small cell – e.g. a Pico cell or a small cell in general – 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 will be applied only for a limited time period.
The principle of the solution is illustrated in figure 1. 

Figure 1: Additional measurement solution in principle
The solution will ensure that UEs moving with higher velocity will have accurate enough measurements to enable early enough detection of handover events - based on performing more frequent measurements.  
Additionally this method can be utilized by networks not doing any sort of UE mobility estimation i.e. NW would always activate increased measurements in case of inbound HO to small cell. And naturally NW doing such a estimation could initiate additional measurements only if seen necessary e.g. NW estimated UE speed is high.
At the same time the impact on UE power consumption due to performing the increased measurements is limited due to only performing these increased measurements for a short time limited period after the inbound handove

Solution Proposal: UE applies additional intra-frequency measurements independently of DRX for a limited time period after inbound handover to small cells.

It should be noted that similar approach could be achieved by configuring the UE with shorter DRX in HO, let the UE apply the shorter DRX for some time and after a while changing it back to long DRX cycles – but naturally this comes at the expense of increased signaling. 

Another alternative is to utilize short DRX, but the drawback of such an approach is that short DRX would be applied after any data transmission. Additionally in order to be effective the short DRX should last for an extended period e.g. 10 seconds in order to ensure that after the inbound handover the faster UE is doing the outbound mobility during this short DRX duration. And such a long duration for short DRX leads to constant shorter DRX and increased battery consumption.

The solution proposed is based on the existing measurement configuration, measurement performance, event evaluation and reporting. UE will perform additional measurements and these will be used in event evaluation. If an event is triggered and TTT for that event eventually expires a measurement report will be sent to network. The reporting enables network to keep UE active according to network policy or by use of short DRX such that network can handover the UE to new cell in timely and robust manner. Based on this we see that the specification impact can be rather moderate as shown in annex A
3
Performance
In this section an analysis of the performance of the solution presented in section 2 is presented.
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 is similar to the one used in [5] apart from the DRX parameterization. The used scenario is similar to what is 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 are fully loaded i.e. interference in the simulation scenario is high. The general parameterization is according to [1] with more detailed modelling as described in [5]. The used parameters are described in detail in Appendix A.
Secondly we have also a case with intermediate load has been simulated. These results are listed in Apendix B.
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 2 where the pico outbound 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-11 mobility procedure, if no new mobility improvements are applied, but only relying on optimizing handover parameters or use of no or very short connected mode DRX. We see these baseline results as the reference case with ‘Window: off’ for each long DRX cycle length. In addition to these cases with DRX disabled and DRX cycle of 80 ms are included without additional measurements.
The results in figure 2 show that there is a significant drop in pico outbound handover failure rates for the UEs that apply this feature and traveling through the Pico cell making both inbound and outbound handovers. It should be noticed that the baseline results (window: off) is obtained using optimized handover parameter setting as well as using Short DRX.
Observation: There is a significant drop in the failure rate of pico outbound handovers for UEs applying the solution.

[image: image1.png]Failure rate [%)]

Percentage of failed pico to macro/pico handovers ( Load:100)

I ( Window:off )

g0 | 0 (Window:5000 )
[0 ( Window:10000 )
I ( Window:15000 )

100

T T T T T T T L

80

- 3 kmph

30 kmph

off 80 160 320 640 1280 2560 off 80 160 320 640 1280 2560
DRXcycle




Figure 2: Pico outbound handover failure rate (full load)
Figure 2 shows a significant improvement in the Pico outbound handover failure rates when additional measurements are taken for given limited time period after a pico inbound handover. This is particularly visible 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 significantly increases – as expected. Although the longest DRX cycles in the baseline do not cause significant problems if UE is moving slow (here 3 kmph), this solution can significantly decrease the failure rate even further (around 50%). Using a 10 second window already provides very good results which are very close to the results obtained with 15 second window. There is still an effect on handover failures by very long DRX cycles even with the solution. This is likely due to the effects caused by the later timing of pico inbound handover. We have studied this particular issue of late inbound handover in our other paper [9] in which we perform the inbound handover to the small cell only when data transmission is ongoing.
By using the proposed solution we can see that it is possible to increase the used DRX cycle length in the small cells e.g. from 160ms (baseline without proposed solution) to 640ms (with solution) without increase in handover failures.

Figure 3 shows the UE power consumption rate vs. total handover failure rate (i.e handover performance between all cell types combined including macro and pico cells). The dots marked with ‘X’ show performance without applying additional measurements after inbound handover to a small cells (i.e. existing baseline behavior). The triangles show performance applying the solution with additional measurements for 10 seconds (i.e. at 30 kmph UE moves about 83 meters) after a small cell inbound handover. Due to rather dense deployment of small cells in this scenario the small cell related handovers play a significant role in the mobility performance in the whole scenario. What we see is a significant decrease in handover failures due to the use of additional measurements after small cell inbound handover with only a very minor impact on the UE power consumption. 
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Figure 3: Average radio power consumption vs. total handover failure rate (30kmph)

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]. In more realistic environment with lower load than full load the solution is expected to show better performance [7]. This trend can also be seen in [9] where same solution is applied in the inter-frequency scenario. In Appendix B we have illustrated the handover failures rates, RLFs and PPs for intermediate load scenarios in addition to RLFs and PPs for fully loaded scenario. 
In Table 1 we show mobility performance gain provided by the solution compared to the baseline in both intermediate loaded network (average 50% PRB load) and fully loaded network. As UE power consumption is seen as an important aspect, the power consumption effect of applying the solution compared to the baseline without the solution is also shown in Table 1. The table shows up to 90% drop in outbound failure rate in intermediate loaded network and up to 71% drop in full loaded network with very limited impact on UE power consumption. With the longest DRX cycles the solution can even decrease the overall radio power consumption up to 4% due to prevention of RLFs and additional signaling.
Table 1. Decreased outbound handover failure rates with minor power consumption impacts provided by the solution in 30 kmph case.

	
	Intermediate network load
	Full network load

	Long DRX cycle
	Gain in mobility performance (drop in HO failures)
	Increase in power consumption
	Gain in mobility performance (drop in HO failures)
	Increase in power consumption



	160 ms 
	81%
	2.8%
	68%
	2.1%

	320 ms
	89%
	3.6%
	71%
	2.1%

	640 ms
	90%
	-3.8%
	71%
	1.6%

	1280 ms
	87%
	-4.3%
	70%
	0.6%

	2560 ms
	84%
	-2.7%
	71%
	-0.04%


Further simulation results for RLFs, ping-pongs and power consumption can be found from Appendix B for both intermediate and fully loaded cases.
For total amount of RLFs in the simulated scenario we first of all notice that for UEs moving 3 kmph there is no negative impact and the RLFs are basically non-existing for inter-mediate load while present but only at very low rate for fully loaded case. For UEs moving at 30 kmph we on the other hand see a significant drop between about 30% (fully loaded case) and 50% (intermediate load) for DRX cycles of 160ms and longer.
For ping-pong rates it is observed that ping-pong handovers with the 1 second definition are not possible with over 160 ms DRX cycle without active data. Occasional ping-pongs may occur also in other cases if keepalive traffic triggers short DRX cycle, which is configured for all cases. It is seen that using additional measurement window does not increase the ping-pong rate compared to case of DRX disabled. However, the solution may increase ping-pongs compared to ‘Window: off’ case of each DRX cycle. This is due to the solution enabling faster triggering of outbound handover also for the cases that UEs route passes through the edge of a pico cell preventing handover failures (i.e. UE is in small cell less than 1 second).
Finally from the power consumption results listed in appendix B it is clearly visible that overall power consumption impact of the proposed solution is far smaller than the impact of using shorter DRX cycles.

Conclusion: Based on this discussion and the simulation results we see that the proposed solution of performing time limited increased intra-frequency measurements after small cell inbound handover significantly improves the mobility handover performance in a HetNet deployment. This can be achieved without any increase in RLFs but instead a significant decrease in RLFs. and the solution does not have any negative impact on UE power consumption.
We see from the results that there still exist some mobility challenges related to small cells. As mentioned the error rates are likey possible to improve by reducing the small cell inbound handovers to situation when this is beneficial e.g. when data transmission is onoing. In [9] we have looked further at this aspect. And the first results where we use limit the small cell inbound handovers and use increased measurements after inbound handover to small cells looks very promising – removing most of the mobility challenges identified related to small cells.
5
Evaluation

	Criteria
	Description

	Mobility performance
	As was seen from the simulation results presented in this paper – pico outbound mobility failures are significantly reduced – 70 to 90% drop in HO failures. 
At the same there is a significant drop in RLFs for UEs moving at 30km/h while RLF for 3 km/h is already very low. There is no negative impact is seen from the solution. UE power consumption impact is very limited and in certain cases even reduction in power consumption is seen.

	Standard effort
	RAN4 may need to define increased measurements after UE is configured. This could most likely be based on re-use of already existing requirements – In ASN.1 no big changes are assumed e.g. indication at HO whether increased measurements should be performed or not. Potentially a time period as well.

	Signalling overhead
	Only impacts are assumed to be in Uu (and HO preparation) – Impacts are minor as just a parameter should be sufficient.

And this method reduces signaling radically if NW wants to emulate this UE behavior via signaling e.g. Changing DRX configuration after every HO (which would also require a timer for each UE in the network).

	Backward compatibility
	Legacy UEs/NWs cannot be configured with increased measurements after HO.

	Idle UE applicability
	No impacts are assumed for idle mode – Naturally one could consider reduced performance for idle, but as HetNet scenario is mostly used for offloading non data transmitting UE should not be a big issue for that scenario.

	Imlementation/configuration complexity
	For NW this should be just similar effort as NW anyway has to do if they want to utilize HetNet i.e. no additional complexity in configuration is assumed.  In fact from configuration point of view this could be very simple as NW does not need to be aware/estimating UE speed in order to utilize the feature and to get gains.
Of course an additional configuration is needed but main effort is the the identification as mentioned above.

For the UE the complexity comes from the timer to control the period for which the increased measurements are performed and performing these. This could be non-trivial due to timing issues in the UE implementation.

	UE power consumption
	As can be seen from Annex A: There is only a minor impact on the UE power consumption due to the limited duration of increased measurements. The impact in power consumption depends on the scenario but does not exceed 4% increase.


6
Conclusion
In this paper we have presented one solution on how to improve small cell outbound mobility robustness in a HetNet and small cell environment by defining the UE to perform additional measurements during a time limited period after inbound handover to Pico cell
Solution Proposal: UE applies additional intra-frequency measurements for a limited time period after inbound handover to small cells.

The results presented in this paper show significant improvement in the handover failure rate when applying increased measurements for short time period after inbound handover to small cells. Small cell outbound handover failure rate drops significantly and this improvement can be achieved with only minor 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.
Conclusion: Based on this discussion and the simulation results we see that the proposed solution of performing time limited increased measurements after small cell inbound handlover significantly improves the mobility handover performance in a HetNet deployment. This can be achieved without any increase in RLFs but instead a significant decrease in RLFs. and the solution does not have any negative impact on UE power consumption. Therefore we suggest that this solution is captured in the specification. Specification impact from the solution is foreseen to be rather small as shown in Appendix C. The method can be also utilized by network not estimating UE speeds which could be important in some NW deployments.
Combining the solution presented in this paper with only performing small cell inbound handover for UEs with data transmissions as presented in (9) we see additional significant gain in small cell mobility robustness.
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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 detection model
	
	Enabled

	Receiver diversity
	
	2RX MRC

	Number of calls
	
	1000 of 140 second calls

	DL Interference load
	Macro, Pico
	50, 100% RBs loaded


Appendix B: Additional simulation results
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Figure 4. Handover failures from pico to macro in intermediate load network.
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Figure 5. Total amount of RLFs in intermediate load network.
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Figure 6. Total amount of RLFs in full load network.

[image: image6.png]PP rate [%]

50

451

40

©
&

w
S

N
3

n
=3

Percentage of pico related ping-pong handovers ( Load:50)

T T T T T T T L

I ( Window:off )
[0 ( Window:5000 )
[0 ( Window:10000 )
I ( Window:15000 )

3 kmph 30 kmph

off 80 160 320 640 1280 2560 off 80 160 320 640 1280 2560
DRXcycle





Figure 7. Ping-pong rate in intermediate load network.
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Figure 8. Ping-pong rate in full load network.
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Figure 9. Radio power consumption CDF (3 kmph) in full load network.
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Figure 10. Radio power consumption CDF (30 kmph) in full load network.
Appendix C: Example of RRC specification impact
–
MobilityControlInfo
The IE MobilityControlInfo includes parameters relevant for network controlled mobility to/within E‑UTRA.

MobilityControlInfo information element
-- ASN1START

MobilityControlInfo ::=

SEQUENCE {


targetPhysCellId




PhysCellId,


carrierFreq






CarrierFreqEUTRA




OPTIONAL,
-- Cond HO-toEUTRA2


carrierBandwidth




CarrierBandwidthEUTRA



OPTIONAL,
-- Cond HO-toEUTRA


additionalSpectrumEmission


AdditionalSpectrumEmission


OPTIONAL,
-- Cond HO-toEUTRA


t304







ENUMERATED {












ms50, ms100, ms150, ms200, ms500, ms1000,












ms2000, spare1},


newUE-Identity





C-RNTI,


radioResourceConfigCommon


RadioResourceConfigCommon,


rach-ConfigDedicated



RACH-ConfigDedicated



OPTIONAL,
-- Need OP


...,


[[
carrierFreq-v9e0



CarrierFreqEUTRA-v9e0



OPTIONAL
-- Need ON


]],


[[
drb-ContinueROHC-r11


ENUMERATED {true}




OPTIONAL
-- Cond HO


]]

[[
increasedMeasurements-r12

ENUMERATED {













S2, s5, s10, s20, spare4,













spare3, spare2, spare1} 
OPTIONAL  -- Cond HO

]]

}

CarrierBandwidthEUTRA ::=


SEQUENCE {


dl-Bandwidth





ENUMERATED {













n6, n15, n25, n50, n75, n100, spare10,













spare9, spare8, spare7, spare6, spare5,













spare4, spare3, spare2, spare1},


ul-Bandwidth





ENUMERATED {













n6, n15, n25, n50, n75, n100, spare10,













spare9, spare8, spare7, spare6, spare5,













spare4, spare3, spare2, spare1}
OPTIONAL -- Need OP

}

CarrierFreqEUTRA ::=



SEQUENCE {


dl-CarrierFreq





ARFCN-ValueEUTRA,


ul-CarrierFreq





ARFCN-ValueEUTRA



OPTIONAL
-- Cond FDD

}

CarrierFreqEUTRA-v9e0 ::=


SEQUENCE {


dl-CarrierFreq-v9e0




ARFCN-ValueEUTRA-r9,


ul-CarrierFreq-v9e0




ARFCN-ValueEUTRA-r9


OPTIONAL
-- Cond FDD

}

-- ASN1STOP

	MobilityControlInfo field descriptions

	additionalSpectrumEmission

The UE requirements related to IE AdditionalSpectrumEmission are defined in TS 36.101 [42, table 6.2.4.1].

	carrierBandwidth

Provides the parameters Downlink bandwidth, and Uplink bandwidth, see TS 36.101 [42].

	carrierFreq

Provides the EARFCN to be used by the UE in the target cell.

	dl-Bandwidth

Parameter: Downlink bandwidth, see TS 36.101 [42].

	drb-ContinueROHC 

This field indicates whether to continue or reset, for this handover, the header compression protocol context for the RLC UM bearers configured with the header compression protocol. Presence of the field indicates that the header compression protocol context continues while absence indicates that the header compression protocol context is reset. E-UTRAN includes the field only in case of a handover within the same eNB.

	increasedMeasurements
This field indicates whether the UE shall as minimum apply intra-frequency measurements as specified in 36.133 [x] according to 80ms DRX. Time for which to perform increased measurements is given where s2 corresponds to 2 seconds, s5 corresponds to 5 seconds and so on. 

	rach-ConfigDedicated

The dedicated random access parameters. If absent the UE applies contention based random access as specified in TS 36.321 [6].

	t304

Timer T304 as described in section 7.3. ms50 corresponds with 50 ms, ms100 corresponds with 100 ms and so on.

	ul-Bandwidth

Parameter: Uplink bandwidth, see TS 36.101 [42, table 5.6-1]. For TDD, the parameter is absent and it is equal to downlink bandwidth. If absent for FDD, apply the same value as applies for the downlink bandwidth.


	Conditional presence
	Explanation

	FDD
	The field is mandatory with default value (the default duplex distance defined for the concerned band, as specified in TS 36.101 [42]) in case of “FDD”; otherwise the field is not present.

	HO
	This field is optionally present, need OP, in case of handover within E-UTRA when the fullConfig is not included; otherwise the field is not present.

	HO-toEUTRA
	The field is mandatory present in case of inter-RAT handover to E-UTRA; otherwise the field is optionally present, need ON.

	HO-toEUTRA2
	The field is absent if carrierFreq-v9e0 is present. Otherwise it is mandatory present in case of inter-RAT handover to E-UTRA and optionally present, need ON, in all other cases.


