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1. Introduction
This contribution considers the impact of small-cell backhaul on the mobility performance within heterogeneous networks. It has been pointed out in [2] that small-cells may be connected via ideal and non-ideal backhaul, which may has an impact on the assumptions as derived in [3] and inherently on the handover performance results. In this document, we therefore discuss and present first results regarding the impact of ideal and non-ideal backhaul on the mobility performance and suggest that this may be further discussed.
2. Discussion
2.1
Addressed Problem

Reference [1] lists backhaul latency of up to 60ms for non-ideal backhaul. Considering the round trip time as well as the required processing at the target eNB, the handover preparation time may be in the order of up to 150ms (60ms latency in each direction plus processing at the target eNB).
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Figure 1 State 2 HOF
Figure 1 illustrates the handover process as defined in [3]. The reason for a HOF, i.e. bad link quality, may appear during the TTT interval, the HO preparation time, or the HO execution time. The TTT interval can be seen as a guard interval to protect from premature handovers and to avoid ping-pong effects. The HO preparation time cannot be reduced but is a parameter which depends on the link between base stations as well as the processing speed at both base stations. Finally, the HO execution time cannot be reduced because it consists of pre-defined steps to access the target cell.

While the TTT interval is a design parameter, the HO preparation time is an architectural parameter, which has not been considered in the simulation campaign of [3]. However, if the HO preparation time is rather long due to high backhaul latency or long processing delays, the link quality on the link between source cell and user terminal may become sufficiently bad to start T310. In most cases, this will also cause a HOF because the available time to recover the link is rather short. If the link does not recover, the HO command cannot be received and a HOF occurs. Therefore, the longer HO preparation time, the higher the probability to cause a HOF in state 2.

Observation 1: Longer HO preparation time causes higher probability of a handover failure in state 2.
2.2
Simulation Results and Discussion
In this Section, we want to elaborate on the impact of different HO preparation time on the overall mobility performance. For this analysis, we used a calibrated system level simulator which is described in further detail in the appendix. All results were acquired using the baseline assumption for large scale system calibration as defined in [3], i.e. parameter set 3 with UE speed 30 km/h.
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Figure 2 Impact of HO preparation time on HOF performance
Figure 2 shows the HOF probability depending on the handover preparation time. We can observer that the overall HOF rate and in particular the HOFs for Pico-to-Macro handovers suffer from an increased HO preparation time. Specifically, the pico-to-macro HOF rate increases from 7.43% (baseline assumption for [3]) to about 12% for 150ms (a pessimistic but still possible scenario in the case of non-ideal backhaul). This applies similarly to the overall HOF rate which increases from 4.4% to about 7% within the same value range.
Based on the simulation results, we conclude that mechanisms which are investigated within this Study Item may be evaluated whether they are capable to handle higher handover preparation times as they appear in a scenario with non-ideal backhaul. Furthermore, we suggest that mechanisms are taken into account which may alleviate the described problem.

Observation 2: Based on the simulation results the handover preparation time may draw more attention and mechanisms may need to be discussed which are capable of dealing with different levels of HO preparation time.
In general, the previous discussion shows that non-ideal backhaul may have an impact on the performance of the radio access network. Hence, in order to alleviate this impact it may be useful to make the radio access network (e.g. eNB) aware of certain backhaul properties. We think that RAN2 should further investigate the impact of non-ideal backhaul on the performance of the radio access network.
Proposal 1: RAN2 should further investigate the impact of non-ideal backhaul on the performance of the radio access network.
3. Summary
This contribution discussed the impact of the HO preparation time on the overall mobility performance. The HO preparation time depends directly on the type of backhaul which may be of ideal or non-ideal nature and therefore delivers strongly varying performance. Hence, we propose to further investigate this effect and possibly draw more attention on the capability of different methods to handle it.
Observation 1: Longer HO preparation time cause higher probability of a handover failure in state 2.
Observation 2: Based on the simulation results the handover preparation time may draw more attention and mechanisms may need to be discussed which are capable of dealing with different levels of HO preparation time.
Proposal 1: RAN2 should further investigate the impact of non-ideal backhaul on the performance of the radio access network.
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Appendix

In this appendix, we present calibration results in order to show that the employed simulator is compliant with the assumptions and results made within [3].

	
	
	
	Handover performance in HetNets
	legacy macro only system

	Company
	Handover state
	Handover metrics
	macro-pico
	pico-macro
	macro-macro
	pico-pico
	Overall
	macro-macro

	NEC
	2
	HOFs/UE/s
	0.000571
	0.001943
	0.000686
	0.000000
	0.003200
	0.000898

	
	
	HO failure rate [%]
	2.206300
	7.427600
	3.405500
	0.000000
	4.432600
	1.662900

	
	3
	HOFs/UE/s
	0.000000
	0.000000
	0.000000
	0.000000
	0.000000
	0.000000

	
	
	HO failure rate [%]
	0.000000
	0.000000
	0.000000
	0.000000
	0.000000
	0.000000

	
	Overall
	Successful HOs/UE/s
	0.025329
	0.024214
	0.019450
	0.000000
	0.068993
	0.053102

	
	
	HOFs/UE/s
	0.005714
	0.001943
	0.000686
	0.000000
	0.003200
	0.000898

	
	
	HO failure rate [%]
	2.206300
	7.427600
	3.405500
	0.000000
	4.432600
	1.662900


To acquire these results we apply shadowing maps, ITU fast fading channel model, 200ms sliding window with 10ms sampling period for L1 filtering, and wrap-around model. All other parameters comply with the parameters given in [3].

For comparison, see the following averaged results as taken from [3]:

	
	
	
	Handover performance in HetNets
	legacy macro only system

	Company
	Handover state
	Handover metrics
	macro-pico
	pico-macro
	macro-macro
	pico-pico
	Overall
	macro-macro

	Averaged over the results from all the companies
	2
	HOFs/UE/s
	0.000443
	0.001544
	0.001779
	0.000009
	0.003823
	0.001772

	
	
	HO failure rate [%]
	3.718587
	8.084919
	2.681814
	2.489887
	3.747914
	2.048109

	
	3
	HOFs/UE/s
	0.000298
	0.000110
	0.000769
	0.000012
	0.000987
	0.000539

	
	
	HO failure rate [%]
	0.971877
	1.205913
	0.780786
	1.406523
	0.808520
	0.507133

	
	Total
	Successful HOs/UE/s
	0.013475
	0.012736
	0.072154
	0.000237
	0.098603
	0.087906

	
	
	HOFs/UE/s
	0.000735
	0.001622
	0.002413
	0.000021
	0.004617
	0.002234

	
	
	HO failure rate [%]
	4.675501
	10.453351
	3.461802
	4.076629
	4.629233
	2.446505
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