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1. Introduction
A new Rel-11 study Item was approved at the latest RAN plenary:

· HetNet mobility improvements for LTE [4]
One of the main objectives of this new SI 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 [8]. 

2. Discussion

Current specification supports UE assisted network controlled handover mobility for UEs in RRC connected mode ‎[1],‎[2]. 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 looking at the new deployment scenarios, including among other different HetNet scenarios, where it has been envisioned that there will be a larger amount of small cells deployed along with macro cells, we are likely to see some new challenges concerning connected mode handover 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 ‎[5]. Too high power consumption is likely to lead to a lower user satisfaction and lowered user experience. Connected mode DRX ‎[2],‎[3] – 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[6],‎[7].
In [8] we provided some preliminary results related to HetNet mobility and DRX. Although using rather non-optimised HO and DRX parameter settings the results anyway showed a trend. In [8] we concluded ‘By use of simple optimisation – like use of short DRX – significant improvements in the RLF rate can be gained. By optimising other settings further, it is likely that the results will improve allowing using DRX in systems which can enable good UE power settings while still ensuring robust mobility management.’ The same conclusions can be drawn from the results shown in Appendix A comparing long + short cycle use to only long cycle use.
In this contribution we show results on handover failure rates
 and power consumption estimations in pico-macro scenarios. Using the observation in [8] we only analyse one DRX scheme using long DRX assisted with short DRX (one result using only long DRX is provided in Appendix A as reference). Additionally we provide the UE power consumption impact figures from applying the different schemes.

The simulation setup was such that macro cell ISD was 500m while pico cells were located at macro cell edges with 30 dBm transmit power. Simulations were executed with the different DRX configurations in the UEs using two different UE velocities – 3 km/h and 30 km/h. The impact of the different DRX configurations was evaluated with respect to HO failure and UE power consumption. In the simulation we used DRX settings were the on-duration varied from 5 ms to 200 ms while always using an inactivity timer of 10 ms. In all cells the UEs had the same DRX configuration. Short DRX was used and the short DRX cycle was configured to 40 ms and it ran for half of the duration (or maximum of 640 ms) of long DRX cycle. Besides optimising the DRX parameter settings we also used optimised handover parameters were optimised for different velocities. 3 kmph UEs had HO offset of 2 dB and TTT 160 ms. For 30 kmph UEs faster settings were used (HO offset of 1 dB and TTT 80 ms). Measurement report transmission was done immediately after TTT expiry i.e. report sending was not delayed to next occurrence of on-duration period. All scenarios were executed in fully loaded cells.
The detailed simulation assumptions and settings are listed in Appendix B. It should be noted that the simulation does not include any data transmission except what is needed of control signalling for mobility – i.e. looking only at mobility.
When deploying DRX in connected mode, this may, under certain circumstances, impact the network controlled handover mobility, which we have simulated using a very simple and basic scenario described above.

Figures 1-3 show handover failure rates in pico-macro scenario with different long DRX cycles and on-duration lengths. Results for both 3 and 30 kmph UE velocities are shown with the varied DRX settings. The results show that with more optimized settings UEs moving 3 kmph do not experience significant number of handover failures even if long DRX cycle is set to 1280 or 2560 ms. For 30 kmph UEs in pico-macro scenario there is still up to 35% handover failure rates if very long DRX cycles are used.

Figures 4-7 show power consumptions estimates for radio interface of UEs with different DRX parameters based on [7]. The results show significant decrease in the estimated power consumption by using DRX compared with not using DRX, particularly at long cycles lengths. As expected, longer on-duration length increases the power consumption gradually while still providing some gain compared to non-DRX case.
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Figure 1: Pico-macro handover failure rate with on-duration 5 ms

In Figure 1, we have used long and short DRX cycles with long DRX cycles illustrated in the x-axis while the length of short DRX cycle was 40ms. On-duration was 5ms and inactivity timer was 10ms. As can be seen from these results, 3km/h mobility now works well even with long length DRX cycles. For fast moving UEs, long length DRX cycles still bring challenges in HetNet mobility performance.
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Figure 2: Pico-macro handover failure rate with on-duration 50 ms

In Figure 2, we have used long and short DRX cycles with long DRX illustrated in the x-axis while the short DRX was 40ms. On-duration was 50ms while inactivity timer was 10ms. As can be seen from these results, 3km/h mobility works well for all DRX cycles. Faster moving UEs still experience mobility challenges with medium to long cycle lengths.
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Figure 3: Pico-macro handover failure rate with on-duration 200 ms

In Figure 3, we have used long and short DRX cycles with long DRX illustrated in the x-axis while the short DRX was 40ms. On-duration was 200ms and inactivity timer was 10ms. As can be seen from these results, 3km/h mobility works well for all DRX cycles even when using 2.56 seconds. Faster moving UEs has significantly improved mobility compared to using shorter on-durations but still has some mobility challenges at medium to long DRX cycles.
Having analysed the mobility robustness next interesting part is of course to look at other impacts from using the simulated settings to identify possible negative side effects. Next we present the UE power consumption figures for the cases analysed above.
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Figure 4: Average power consumption with on-duration 5 ms and UE velocity 30 kmph (reference case with no-DRX use included)
We use the power consumption in Figure 4 as baseline for comparing the impact of using longer on-duration for the different DRX cycles simulated. As can be seen from figure the power consumption obviously increases as the DRX cycles are shortened. One can see that by just increasing the long DRX cycles from 80ms to 160ms significantly improves the power consumption on UE side. Compared to non DRX case (0 ms in the figure) all DRX cycles bring significant decrease in power consumption.
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Figure 5: Average power consumption with on-duration 50 ms and UE velocity 30 kmph

Increasing the on-duration improved the mobility performance as seen from Figure 2. From Figure 5 it is also obvious that this also increases the UE power consumption significantly. The power consumption is visible for all used DRX cycles.
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Figure 6: Average power consumption with on-duration 200 ms and UE velocity 30 kmph

Figure 6 underlines the conclusions made from figure 5. Power consumption numbers have only been provided for 30km/h but we have also simulated 3 km/h. Trend in the numbers are the same although the 30km/h gives slightly higher power consumption due to more signalling related to HO failures.
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Figure 7: Average power consumption comparison with on-duration 5, 50 and 200 ms for longest DRX cycles.

Figure 7 shows comparison between different on-duration settings for selected long DRX cycle lengths (1280 and 2560 ms). There is a noticeable increase in power consumption with longer on-duration settings as expected, but compared to the reference case of no DRX use (in Figures 4-6) power savings are still visible.
The results shown above are valid for both intra-frequency as well as inter-frequency/RAT scenarios. When looking at these results we see that already without DRX there are problems in handovers between macro-pico with high velocity even when using more optimized handover parameters. Mobility for non-moving or slow moving UE on the other hand works well when using longer on-duration times. Using longer on-duration does have significant negative impact on UE power consumption in a similar way as if not using DRX in RRC Connected mode at all.
We have here used a more optimised setup and a limited amount of scenarios has been simulated. We see 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 can be gained. 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.
Based on this study we propose to further study 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.

Proposal 1: further study 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.

3. Conclusion

In this paper we have presented simulation results illustrating the impact on HO failure rate and UE power consumption in connection with different DRX values and UE velocities. We see that using more optimised HO and DRX parameters it is possible to significantly improve the HO failure rate in some situations. Still we some challenges in other area as well as a negative impact on the experienced UE power consumption. We therefore propose to further study potential solutions which would enable the use of longer DRX, for UE power saving purposes, while still ensuring mobility in a robust manner.

Proposal 1: further study 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.
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Appendix A: The effect of DRX short cycle
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Figure 8: Pico-macro handover failure rate with both DRX long and short cycle (on-duration 5 ms)
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Figure 9: Pico-macro handover failure rate with only DRX long cycle (on-duration 5 ms)
Appendix B: 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, 50, 200 ms

	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

	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

	UE movement
	
	Straight line throughout the call

	UE placement
	Proportion in pico hotspot
	2/3

	RSRP Measurement
	L1 measurement cycle
Measurement bandwidth

Measurement error standard deviation
L1 sliding window size
	40 ms or DRX cycle length
6 RBs

2 dB

5

	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
	
	~3000 of 30 second calls

	DL Interference load
	Macro, Pico
	100% RBs loaded


� handover failures / (successful handovers + handover failures)
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