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1
Introduction
A new Rel-11 Study Item, HetNet mobility improvements for LTE (RP-110438), has an objective to study and define procedures that can help to improve the mobility robustness of HetNet LTE networks. This paper considers some issues related to LTE mobility robustness of fast moving users in Heterogeneous Networks.

The rest of the contribution is organized as follows: In Section 2 we present background information to further set the scene for the addressed problems. In Section 3 we present the simulation assumptions and results for HetNet.  The presented performance results are further discussed in Section 4 and this contribution is concluded in Section 5 with summary of the proposals for more detailed questions to be addressed under the considered Rel-11 SI on HetNet mobility improvements for LTE.
2
Background
In macro-only deployments the fast moving mobiles should make a handover to a better cell as fast as possible to avoid late handovers and radio link failures. Release-9 handover or cell reselection parameter scaling utilizing mobility state estimation can be used for this purpose ‎[1], ‎[2]. However, handing over fast moving to pico cells is not always preferred in heterogeneous networks due to problems presented later on in this document.

In addition to the UE mobility state estimation, also UE mobility history information is signalled between eNBs on X2 interface for connected mode UEs. The UE history information includes; the previous cell ID, the time the UE stayed in previous cell, the corresponding cell type and enumerated cell size ‎[3]. Therefore, network is in control of handovers and can decide not to handover UEs into pico cells in RCC_CONNEDTED mode. In principle it is possible to take both the number of past cell changes and the corresponding cell size into account when estimating the UE mobility at the network. After that connected mode handover implementation can keep fast moving users out from small cells simply by not sending the handover command when the network classifies the UE in high mobility state based on same calculations as is done by the Mobility State Estimation in the UE. However, this methodology does not hold for users who are in idle mode.

Mobility Robustness Optimization (MRO) as part of Self Organizing Network (SON) aims at the optimizing handover parameters to achieve lower number of handover failures, increasing the handover success rate and efficient use of network resources by minimizing the unnecessary ping-pong handovers. The handover and cell reselection thresholds of the UEs are adjusted and handover parameter optimization aims at detecting and mitigating problems associated with too early handovers, too late handovers and handovers to a wrong cell leading to HO failures. Since this functionality at network side contains similar motivations to keep fast moving users out from pico cells, Study Item “HetNet mobility improvements for LTE (RP-110438)” could consider methods, which are also useful for MRO.
3
Simulations
3.1
Simulation parameters
Simulations follow the methodology and parameters defined in ‎[4] and further definitions from TR “Mobility Enhancements in Heterogeneous Networks” ‎[5]. The performance is illustrated with a set of dynamic system level simulations using the basic parameters listed in Table 1 (parameter profile set1 ‎[5]). 

Table 1: Set of basic simulation parameters
	Items 
	Description 

	Number of macro cells
	21, wrap around

	Number of Picos per macro-cell area
	2

	Number of UEs per macro cell
	30, uniform distribution

	Pico cell placement
	Random according to 3GPP TR 36.814

	Cell loading
	100%

	UE speed [km/h]
	30, 120 (movement in straight lines)

	Channel model
	TUs

	TimeToTrigger  [ms]
	480, 128

	Minimum Time of Stay [s]
	1

	A3 offset [dB]
	3

	L1 to L3 period [ms]
	200

	RSRP L3 Filter K
	4


The basic network layout consists of a regular hexagonal grid of three sector macro eNBs, complemented by a number of pico cells with omni-directional antennas. The pico cells are placed randomly within each macro-cell area according to the definitions in ‎[4], fulfilling requirements for minimum distance between pico and macro, as well as between picos. Only one carrier is considered. 

In these simulations the pico cell placement is random following the 3GPP agreed placement rules ‎[4]. Assuming that UEs are freely moving, the key performance indicators of mobility performance are expected to be the same when pico placement strategies between ‎[4] and ‎[5] are compared.
3.2
Simulation results
Following mobility performance figures contain Radio Link Failures (RLF) and ping-pong handovers (PP). Legends indicate the used UE velocities in simulation, where mobility related RLF and PP performance indicators are divided to macro-macro (MM), macro-pico (MP), pico-macro (PM) and pico-pico (PP) events. For ping-pong handovers the same notation is used, e.g. MPM equals macro-pico and back to macro handover, where time of stay in pico was less than 1s.
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	Figure 1, RLF probability per HO type, 
2 picos per macro cell, TTT=480ms
	Figure 2, PP probability per HO type, 
2 picos per macro cell, TTT=480ms
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	Figure 3, RLF probability per HO type, 
2 picos per macro cell, TTT=128ms
	Figure 4, PP probability per HO type, 
2 picos per macro cell, TTT=128ms


When looking at Figure 1 with conservative TTT value of 480ms for both macro and pico layer, we can clearly observe that high velocity UEs do cause problems especially in outbound handovers from pico cells back to the co-channel macro layer. One of the main reasons is the slow hand-out of high velocity UEs from pico cells when pico cell coverage rapidly decreases. This problem can be partly mitigated by using smaller TTT values, e.g. 128 ms shown in Figure 3. On the other hand, it is well known trade-off that a shorter TTT will result more ping-pong handovers, which can be seen when comparing Figure 2 and Figure 4.

The main conclusion from Figure 1 and Figure 3 is that using the assumed default mobility parameter set #1 for both macro and pico does not result in good performance. Only at low UE velocity (3-30 km/h) the performance looks acceptable. At higher velocity of 120 km/h the mobility performance is getting significantly worse, where the most problematic seems to be the outbound pico to macro handovers. The inbound macro to pico handover seems to be more robust, as well as handovers between macro cells. 

Proposal 1#: It is proposed to study in more detail scenarios where high speed UEs are entering pico cells, and study methods on how to improve and ensure robust mobility in a mixed (hetnet) network deployment.

The results presented are for cases where users are free moving over the entire network area. 

Proposal 2#: It is proposed to study the mobility robustness for cases where certain percentage of users are moving in hotspots  and the rest are freely moving at macro layer with different velocities. Pay attention especially to cases where hotspot users are slowly moving and freely moving users have relatively high velocity compared to hotspot users.

4
Summary of results and possible enhancements
4.1
Summary of results
The presented results are for intra-frequency scenario where mainly the co-channel interference between macro and pico layer dictates the performance. When starting to deploy heterogeneous networks, the pico coverage is small compared to macro area, and usually covering only hotspot areas with plenty of users. In such a scenario handovers from pico cells back to macro layer are seen problematic according to simulation result presented in Chapter 3. 

From the results it seems that it is beneficial to select lower TTT values for pico serving cells and lower TTT values for fast moving users compared to macro serving cells and slow moving users respectively. 

The case with TTT at 128 ms for both macro and pico serving cells looks better in terms of RLF, but the PP percentage increases. Nevertheless, lower TTT values at high UE velocity are needed to improve the overall mobility performance.

We can conclude that reduced TTT improves mobility robustness for fast moving UEs, it is better to avoid high mobility state UEs to enter pico cells in the first place.
4.2 Possible future studies
UE Mobility state estimation (UE MSE) ‎[1], ‎[2] allows faster cell reselections (Idle mode) and handovers (Connected mode) for high speed users or users moving in dense pico cell area. While users in medium or high mobility state will leave a small cell faster, they also will enter a small cell faster, which is contradicting for the optimum case where fast moving users should enter small cells only when dictated by interference or coverage. However, UE specific scaling of TTT as function of MSE seems to improve the overall mobility performance because it directly improves the outbound handovers from pico cells for fast moving UEs. Hence, investigating further use and extensions of UE MSE for mobility robustness optimization, traffic steering and other mobility specific optimizations would be worth considering. 

4.3 Scenario considerations

Initial simulations in this contribution have only been done for a single carrier environment, where macro and pico cells introduce co-channel interference. When evaluating the system performance benefits for enhanced UE MSE and other related mechanisms, it would be beneficial to study also scenarios where two carriers are used. This enables more complex deployments, for example one carrier for macro-only cells and the other carrier for macro and pico cells.

Proposal 3#: It is proposed to study performance benefits of avoiding fast moving UEs connecting small cells in environment with both intra- and inter-frequency scenarios.
The reported results in this contribution assume 25 meters shadow fading correlation distance, which is inline with the agreed assumptions of RAN2 HetNet mobility simulations. However, in some other HetNet performance studies, the pico shadow fading correlation distance has been much smaller, say on the order of 13 meters  (e.g. RAN1 HetNet studies according to ‎[4]). Thus, it should be noted that with shorter shadow fading correlation distance, for example the problems related to pico handovers become also more challenging.

Purpose of this contribution was to study if there are obvious mobility challenges related to HetNet deployment, and mobility robustness of fast moving users turned out to be one of the problems. It can be argued whether heterogeneous networks are deployed in areas where fast moving users are potentially handed over into small power cells, such as pico cells. 3GPP specifications don’t restrict the deployment of picos in such areas, so the judgement is up to an operator. Even if the average user mobility profile would indicate low velocity in most of the areas, it is universally impossible to restrict fast moving users connecting to small power cells in all cases.

5
Conclusion

Choice of handover and cell reselection parameters has significant impact on the UE mobility related performance indicators, such as number of radio link failures, handover failures and ping pongs. In this document we have discussed about potential problems related to fast moving UEs connecting to small cells. We propose further studies for improving performance in heterogeneous networks, especially for fast moving users. 

In summary the following are proposed in this paper:

Proposal 1#: It is proposed to study in more detail scenarios where high speed UEs are entering pico cells, and study methods on how to improve and ensure robust mobility in a mixed (hetnet) network deployment.
Proposal 2#: It is proposed to study the mobility robustness for cases where certain percentage of users are moving in hotspots  and the rest are freely moving at macro layer with different velocities. Pay attention especially to cases where hotspot users are slowly moving and freely moving users have relatively high velocity compared to hotspot users.
Proposal 3#: It is proposed to study performance benefits of avoiding fast moving UEs connecting small cells in environment with both intra- and inter-frequency scenarios.
While the simulations were made in connected mode, the same problem could be foreseen also in idle mode, where UE should always camp in the best possible cell considering the connected mode activity, e.g. UE should not make a handover as a first step before data connection starts and risk for radio link failure should be minimized.

Solutions studied under these proposals shall naturally be accompanied by further analysis of system complexity and performance gains to form a basis for later deciding which enhancements shall be recommended for LTE Rel-11.
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