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1
Introduction
In [1] we showed the results on handover failure rates and power consumption estimations in pico-macro scenarios. Using the observation in [2] we only analysed one DRX scheme using long DRX assisted with short DRX (an example result using only long DRX was provided in Appendix as reference). Additionally we provided the UE power consumption impact figures from applying the different schemes.
One of the main objectives of the Rel-11 study Item HetNet mobility improvements for LTE [3] is:

· 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)

In this contribution we further analyse above objective based on the observations made in [1] and in [2].

2
Discussion
In [1] and [2] we have already been analysing the basics of hetnet mobility and DRX and provided simulation results concerning handover failure rates and UE power consumption. 
In [2] we provided some preliminary results related to HetNet mobility and DRX and we concluded that ‘By use of simple optimisation – like use of short DRX – significant improvements in the RLF rate can be gained’.

In [1] we used a more optimised setup and a limited amount of scenarios was simulated. We saw from the results that by use of optimised HO and DRX parameter setting as well as use of short DRX – significant improvements in the HO failure rate could be gained. We concluded that “By optimising other settings further, it is likely that the results will improve even further thereby allowing using DRX in systems which can enable both good UE power settings while at the same time still ensuring robust mobility management”.

Current specification supports UE assisted network controlled handover mobility for UEs in RRC connected mode ‎[4],‎[5]. Although the specification also includes a variety of mobility parameters that can be tuned by network in order to optimize the mobility for the given network layout, these parameters and their settings have mostly been specified for coordinated macro layer mobility.

When deploying a mixed network consisting of macro layer and small cell layer the need for robust mobility is expected to be maintained. Baseline for the mobility functionality will be Rel-10 level.

Discussions concerning UE power consumption while UE being in RRC Connected mode as well as power saving options has been raised as being a concern [6]. Too high power consumption is likely to lead to a lower user satisfaction and lowered user experience. Connected mode DRX ‎[5],‎[7] – as defined already from Rel-8 – is a good and efficient way to enable UE power savings in connected mode. Deploying DRX in connected mode will allow for efficient UE power savings and will benefit devices being in connected mode for longer periods having irregular data transmissions like e.g. smart phones [8], [9].

In this paper we continue to further study the possibilities and solutions that will enable the use of long DRX periods for improved UE power savings and user experience, while still ensuring controlled mobility in a robust manner.
We have looked at three different scenarios: 
1) Baseline scenario where we use same handover parameters in all cells used in the deployment (Baseline), 
2) Two cell specific scenarios where we use different handover parameters depending on whether the cell is a macro cell or whether the cell is a pico cell (Cell type specific 1 and 2). 
Table 1 below illustrates the different parameters settings used.

Table 1 lists the handover parameters used in serving macro cell and serving pico cell respectively. Also listed in the rows are the different handover parameters used in the different simulation runs: 1) Baseline, 2) Cell type specific 1 and 3) Cell type specific 2.

	Parameter sets
	Parameters in serving Macro cell 
	Parameters in serving Pico cell 

	Baseline:

(TTT:160 Offset:2)
	Time-to-trigger: 160 ms
A3 offset:         2dB
	Time-to-trigger: 160 ms

A3 offset:         2dB

	Cell type specific 1:

(CTSTTT:40 CTSOffset:0)
	Time-to-trigger: 160 ms
A3 offset:         2dB
	Time-to-trigger: 40 ms
A3 offset:         2dB+0dB = 2dB

	Cell type specific 2:

(CTSTTT:40 CTSOffset:-4)
	Time-to-trigger: 160 ms
A3 offset:         2dB
	Time-to-trigger: 40 ms
A3 offset:         2dB-4dB = -2dB


Table 1: Handover parameter sets

2.1
Simulation setup
The used simulation scenario has been similar to the large area scenario with wrap-around specified in [10]. Also basic radio configuration parameters have been adapted from the same document. The detailed simulation assumptions and settings are listed in Appendix A. It should be noted that the simulation includes two simulation cases: 1) one where there is no data transmission except what is needed of control signalling for mobility – i.e. looking only at mobility, and 2) one where we have background style of traffic on average every 1 second.
3
HetNet Mobility Results
We have performed simulations using further optimized handover parameters settings as listed in Appendix A. Besides this we have been simulating two different traffic types to see what impact the traffic flow would have on the mobility robustness in general.

In the next sections we show the mobility results from using baseline settings at 3 and 30 km/h and from using optimised cell parameters at 3km/h and 30 km/h. We show results from both keep-alive traffic and background type of traffic. Addionally we have also estimated the experienced UE power consumption for both cases.
3.1
Optimized HO parameters and Keep-alive traffic
In this section we provide results from our simulations when using the Baseline settings from table 1. Results are given for UEs moving at 3km/h and 30km/h when all the cells in the deployment scenario are using the same parameters. In this simulation we use TTT=160ms and keep alive traffic (i.e. 1 packet approximately every 20 seconds).

From figure 1 it is seen that it is actually possible to remove almost all HO failures when UE is moving at low speed. Still a few handover failures exist (up to 8% rate) when applying the longest DRX values, but by use of more aggressive handover triggering (Cell Type specific 2 in table 1) the handover failures basically disappears. When UE is moving at 30km/h we see a significant increase in handover failures as the length of the applied DRX increases. Even using more aggressive handover parameters cannot lower the handover failure rate to an acceptable level with long DRX cycle lengths.
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Figure 1: Handover failure rate in pico to macro mobility
Looking at the ping-pong rates for the same scenario (illustrated in figure 2) we see – as expected – that the PP rate for slow moving UEs at 3km/h with smaller DRX values is very high when using the most aggressive handover parameters (Cell Type specific 1 and 2 in table 1). Using less aggressive handover parameters (baseline settings in table 1) reduces the PP as expected. Looking at the PP rates for UEs moving at 30km/h the numbers looks less alarming although the PP rates are about 34% in worst case and 8% in best case.
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Figure 2: Ping-pong rate involving macro-pico-macro handovers
As has been shown both in earlier results [1] and in figures 3 and 4 the UE power consumption is highly dependant on the the applied DRX configuration in UE (as configured by the eNB). This is especially true when we are looking at the traffic type used here where packets are sent approximately once every 20 seconds. It should be noticed that the reference UE power consumption when not using DRX at all is 270mW in the used model.
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Figure 3: Estimated radio power consumption (DRX off vs. DRX enabled)
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Figure 4: Estimated radio power consumption (Different DRX cycles enabled)
As can be seen from these results where we use the baseline handover parameters setting (see table 1) we can achieve quite good and robust handover mobility, in form of low amount of handover failures, for UEs moving at 3km/h with DRX less than 640ms. When using the longest DRX settings we start to see some handover failure although they stay below 10%. Applying more aggressive handover parameters like Cell Type specific 1 and 2 in table 1 it is possible to improve the handover failure rates such that for the most aggressive settings they are below 5%. Looking at the UEs moving at 30km/h the picture changes dramatically and the handover failures basically increases as the applied DRX is increased. Ping-Pong rates on the other hand have a slight decrease as the DRX increase. 
Applying aggressive handover parameters improves the handover failure rates but leads on the other hand to higher ping-pong rates. At low speed the baseline settings work quite well while at 30km/h seems to call for different settings.

Observation: By careful choice of handover parameters one can reduce handover failures, but one cannot remove the problem especially on slightly faster movements (30km/h).

3.2
Optimized HO parameters and background traffic
In this section we show the results using similar simulation setup as in former section but using different traffic model. Here we have used background style of traffic with 1 packet every 1 second on average.
As can be seen from figure 5 below the traffic type has significant impact on the handover robustness when it comes to handover failure rates. This is expected as the frequent transmissions together with using short DRX has impact on the UE measurement accuracy. For the 3 km/h we can observe that we do not have any handover failures at all for any of the example handover parameters settings given in table 1. For 30 km/h we still see some handover failures although the failure rate has decreased significantly compared to the results in figure 1. Interesting to observe is that the handover failure rates for 30 km/h no longer increase as the applied long DRX increases – but on the other hand stays at almost same level independent of the used long DRX cycle. This is due to the used short cycle parameterization with cycle length 40 ms and timer duration of ½ times long cycle length (maximum of 640 ms) so measurement accuracy does not progressively decrease with longer DRX cycles.
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Figure 5: Handover failure rate in pico to macro mobility
Ping-pong rates unfortunately do not show same positive trend as the handover failure rates. From figure 6 we can see that the PP rates are really high for slow moving UEs (and even higher than in figure 2) especially when using Cell Type specific 1 and 2 setting from table 1.For UEs moving at 30 km/h we see that the PP rate stays pretty flat within the different DRX cycles for the different handover parameters setting (see table 1). 
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Figure 6: Ping-pong rate involving macro-pico-macro handovers
In figures 7 and 8 we present the power consumption numbers for this scenario. We observe – as expected - that the UE power consumption is still far greater without DRX use (DRXcycle: off in figure 7). Due to the selected short cycle parameterization in this case long DRX cycle lengths do not progressively decrease the power consumption as it is seen in figure 8. E.g. with frequent background traffic activity long cycle length 1280 ms provides rather similar power consumption to 80 ms due to short cycle timer duration of 640 ms and short cycle length of 40 ms (in long cycle 1280 ms case). UE power consumption has been modelled similarly as in [8] and [9]. 
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Figure 7: Estimated radio power consumption (DRX off vs. DRX enabled)
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Figure 8: Estimated radio power consumption (Different DRX cycles enabled)
From this scenario we see that when we have data transmission and UE is having more mobility measurement available and this obviously improves the mobility robustness. User data transmission must be assumed as unknown parameter in the scenario and therefore rather difficult to take into account when looking at the overall mobility robustness together with optimized UE power saving.

This sort of mobility robustness can of course be ensured simply by not configuring the UE with DRX which again of course will have significant negative impact on the UE power consumption.
What is also seen from our results is that the challenge occurs when the UE is having infrequent data flow with some longer silent periods allowing UE to get full benefit from DRX power savings. Allowing the UE to enable efficient sleep periods through DRX is important key factor to ensure efficient UE power savings and we see the Connected mode DRX as the key to effective power savings in connected mode.

For this purpose we of course need to ensure that the system provides solutions for robust mobility for all types of configured DRX. This will ensure that E-UTRAN can deliver a superior user experience in form of good and robust mobility while still ensuring the experience also in form of excellent UE power saving possibilities.
Obervation: the longer DRX is used in UE and the more infrequent data traffic increases the mobility challenge.

3.3
Some thoughts on possible solution directions
From our simulations and our results we see that the basic or fundamental challenge is the challenge of being able to deliver superior user experience through efficient UE power consumption figures for UEs in connected mode (e.g. always on UEs) and at the same time ensure robust mobility; and this needs to be ensured for different (random) packet data transmission scenarios.

Also we see that one of the main problems is, when applying long DRX periods the delay in triggering of the event in a small cell (e.g. pico cell) for outbound handover. This can also be observed from Hetnet large area simulations that is still under discussion in RAN2 [13] that in non-DRX case large area simulations the outbound handover from small cell can be more challenging than inbound handover or macro to macro handover.
Based on the observations made in this contribution we can see that when the UE has more frequent data transmission (and potentially further improved by use of short DRX) the mobility robustness looks quite acceptable when using baseline handover parameters setting in table 1 and UE is moving at slow speed. Having said this it is also obvious that these assumptions cannot always be satisfied for UEs in the field and holds rather many assumptions.
4
Conclusion
In this paper we have shown results from HetNet mobility when using three different sets of handover parameters settings (see table 1). We have also looked at the impact from having more and less frequent data transmissions ongoing (background and keep-alive traffic).

From the results it is seen that traffic pattern and DRX settings has big impact on the mobility robustness. We observe that the handover parameters have big impact on the mobility as well.

While it is possible to improve the handover failure rates this leads to an increase in the ping-pong rates. This leads to the fact that optimizing the handover parameter setting improves the mobility robustness but it cannot remove the problem in general.
Setting of the handover parameters as well as the use of DRX is fully under network control. Traffic and traffic pattern is not under network control and should be seen as a random parameters which really cannot be used in any baseline assumption for any conclusion. On the other hand the use of DRX (long and potentially short) has great positive impact on UE power consumption and user experience.

We can get far by optimised setting but still need further investigation into additional solution how to remove the residual error when DRX is applied and no active data is transmitted. Based on this we made important observations:
Observation: By careful choice of handover parameters one can reduce handover failures, but one cannot remove the problem especially on slightly faster movements (30km/h).

Obervation: the longer DRX is used in UE and the more infrequent data traffic increases the mobility challenge.

We therefore see that solutions on how to enable robust mobility while ensuring acceptable power consumption are probably needed – i.e. solutions also for faster moving UE with longer applied DRX and infrequent data transmissions are needed.

For example one could consider studying if e.g. something in these areas would help in mobility:

1)   
Results indicate that there will be more handover failures in HetNet scenarios under certain circumstances. In addition to trying to find solution that can improve the mobility robustness also in these cases we should also consider some improvements in to call re-establishment [11]

2)    When UE is applying Long DRX and moving, timely outbound handover from small cell has been seen as being a challenge. Also in macro cell scenario when applying long DRX there may be some challenges with mobility robustness. Fine tuning of handover parameters can improve the handover robustness a lot but still room for improvements for faster moving UEs. Solutions to improve and solve the handover challenges in addition to fine tuning of the handover parameters should be considered. 
3)    Same mobility parameters probably don’t work equally well towards all the cell types i.e. it could be worthwhile to study cell specific parameters for mobility e.g. mobility toward pico cells using longer TTT while using other TTT for macro cells. On the other hand ensuring that UE does not stay in pico cells too long by having short TTT for outbound mobility from pico cells.

4)    As was seen from the results the speed of the UE has great impact to robustness of mobility – It would be good to study if something could be done in that area [12]

This should be discussed also with regard to the EDDA WI.
References

[1] R2-115731, HetNet mobility and DRX, Nokia Corporation, Nokia Siemens Networks

[2] R2-114027, HetNet mobility and DRX, Nokia Corporation, Nokia Siemens Networks

[3] RP-110709, HetNet mobility improvements for LTE
[4] 3GPP TS 36.300, E-UTRAN Stage 2
[5] 3GPP TS 36.331, Radio Resource Control (RRC); Protocol specification
[6] RP-110454, LTE RAN Enhancements for diverse data applications
[7] 3GPP TS 36.321, Medium Access Control (MAC) protocol specification 
[8] R2-071284, Evaluating DRX concept for E-UTRAN, Nokia Corporation
[9] R2-071285, DRX parameters in LTE, Nokia Corporation
[10]  3GPP TR 36.839, Mobility Enhancements in Heterogeneous Networks
[11]  R2-120525, Re-establishment issues in HetNet scenarios, Nokia Corporation, Nokia Siemens Networks
[12] R2-120524, UE MSE and HetNet, Nokia Siemens Networks, Nokia Corporation
[13] R2-120199, Email discussion: [76#20] - LTE: HetNet mobility calibration simulations Report, Alcatel-Lucent (Rapporteur)
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

Traffic type “background”:

Packet interval
	Constant 20 seconds

Geometric distribution mean 1 second

	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

	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 velocity
	
	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

	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


