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1
Introduction

In this contribution we present an enhancement, called Gray-listing, related to HetNet co-channel mobility performance in line with the objectives of the Work Item on HetNet mobility [1], and the observations in [2]. In particular we present a solution proposal related to the following observation from [1]:

The work shall consider improving mobility performance in HetNets in single carrier:
· Improve overall HO performance with regard to HO failure rate and Ping-pong in HetNet environments.
and, from the following overall calibration simulations observation in [2]:

-
Results indicate that handover performance in HetNet deployments is not as good as in pure macro deployments.  Of the different HO types, Pico to Macro handover performance showed the worst performance.
-
For low mobility UEs (i.e., speed < 30km/hr), no significant problems have been observed in terms of HOF and loss of connectivity (some issues with Short ToS have been identified).
2
Solution Objectives
The objective is to improve the overall mobility performance by proposing a solution that, based on MSE, targets the UEs in High-mobility state, which are the fast moving UEs. The proposed solution counters the problems identified for fast moving UEs by imposing a general rule of restricting fast moving UEs from accessing the small cells, while still performing handover towards such cells if they are feasible handover targets and if the radio condition on the serving cell is poor [9]. When accessing the small cell the fast moving UE is very likely to experience radio link failure when leaving the cell, which is avoided by not entering the small cell in the first place. 

The Gray-listing solution should be capable of identifying the fast moving UEs with sufficient accuracy, and to provide means of controlling the off-loading of fast moving UEs to the small cells. So, the solution is based on Mobility State Estimation (MSE) [10], [11] that provides a mobility state estimate as one of Normal-, Medium-, and High-mobility. However, as recorded by[2], and multiple contributions e.g.[3] - [7], the Rel-10 MSE is known to provide a mobility state estimate that is influenced by the density of small cells, and requires enhacements to provide a more stable estimate. We therefore consider using the enhanced MSE (eMSE) that has been shown, in [3], to be able to remove the bias from small cell density.  The performance of Gray-listing using Rel-10 MSE and eMSE are compared. 

Gray-listing should be able to reduce radio link failures without increasing the amount of Short ToS more than what is caused by the parameter scaling. This depends on the percentage of UEs for which the Gray-listing is applied. Also, the off-loading to the small cells should not be negatively impacted. Off-loading is improved due to use of unbiased MSE compared to Rel-10 MSE in dense small cell HetNet deployment. 

Yet a further objective is to find the implementation of Gray-listing that minimizes the signalling overhead. 

3
Gray-Listing
Gray-listing is designed to keep fast moving UEs off small cells, which in the considered scenario are pico cells. This is achieved by configuring the UE with a list of cells, called Gray-listed cells, and introducing a general rule of restricting fast moving UEs from reporting measurements of a gray-listed cell to network. An exception to the reporting restriction is made when it is beneficial to handover a fast moving UE to small cell to reduce the likelihood of link failure due to the interference from the small cell. Observe that entering a small cell means taking the risk of a handover failure when leaving the cell. The rationale of this “escape mechanism” is that it is the best decision when the UE is already heading towards a radio condition that is likely to cause link failure. Reason is that the likelihood of link failure due to the interference from the small cell is clearly higher than the likelihood of radio link failure when leaving the Gray-listed cell during the outbound mobility. The triggering of measurement report for Gray-listing may be implemented by an A5 measurement event. 

Figure 1 illustrates Gray-listing and escape mechanism when a fast moving UE is passing two pico cells, the first pico cell (Pico Cell 1) is very close by the macro center, the next pico cell (Pico Cell 2) at a greater distance. UE passes by Pico Cell 1 more closer than Pico Cell 2. Both pico cells are Gray-listed, so initially the UE measures these cells but do not generate measurement reports. Then, when approaching the Pico Cell 1, the RSRQ on the serving macro drops below the RSRQThreshold1, which meets the criterion for the escape mechanism (part of the A5 entering condition). When the RSRQ on the Pico Cell 1 gets above the RSRQThreshold2, which happens to be at about the same time, the full entering condition of the A5 is fulfilled, and the TimetoTrigger timer (TTT) starts running. When this TTT expires, a measurement A5 event is reported to the network that initiates a handover to the Pico Cell 1. So even though Pico Cell 1 is Gray-listed, the UE is handover to it to escape the poor radio conditions in macro cell. Next, when passing the Pico Cell 2 the A5 does not trigger and the criterion for escape mechanism is not met, and the UE moves without reporting the A5 event due to Gray-listing.
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Figure 1 RSRQ thresholds for implementing Gray-list escape rule.

 A solution proposal on how to implement Gray-listing to 3GPP specifications has been presented in [7].

4
UE versus network based mobility solution

In [8] it was proposed to study network-based mobility state estimation as a potential solution to improve handover performance in heterogeneous network deployments. Here we consider a network-based implementation of the functionality comparable to Gray-listing solution at UE. Here the assumption is that the network estimates the UE mobility status and uses this information together with UE measurement reports as an input to the handover procedure. UE mobility status can be observed from the IE HistoryInformation [12] and mobility state can be calculated for example as specified in TS 36.331 for UE, but not limited to it due to proprietary nature of network based algorithms.

Network is responsible for the handover decision in both network based solution and UE-based Gray-listing. The difference is that in a network-based solution the UE has no knowledge of Gray-listed cells. So the UE, even if it is in high mobility state, will report all the cells including small cells regardless of the speed according to measurement and reporting configuration. When the network estimates that the mobility status of an UE has changed to “High-mobility”, the RRC connection reconfiguration procedure is issued to modify the configuration of measurement report triggers to use A5 with short TimeToTrigger so that network would have the needed measurement report information to avoid the problems  associated with small cells reported in [2]. These problems are related to small cell outbound handovers for fast moving users in particular. Network can decide to discard the measurement report if the report was coming from a fast moving UE. When network estimates that the mobility status of an UE has changed to “Normal-mobility”, the A3 trigger is again configured for all cells.  This will introduce signalling overhead both in RRC connection reconfigurations and increased rate of measurement reports especially in dense small cell areas.

An alternative approach might be to setup both the A3 and A5 measurement events towards all cells, so that UEs of any speed have the same setup, which means that the signalling overhead related to RRC reconfiguration is avoided. However, this means that a lot of measurement reports are sent and discarded due to network ignoring the reports for fast moving UE based on the above description. That is, a fast moving UE reporting A3 on a small cell will be ignored, and to avoid ping-pong handovers for a slow moving users an UE reporting A5 with short TTT on a small cell could be also be ignored. 

With a UE-based solution we achieve a solution where a fast moving UE does not report the Gray-listed small cells, unless an A5 event is triggered causing the fast moving UE to report a small cell, which in turn means that a handover is desirable due to bad radio conditions in serving cell. 

Observation 1: A network implementation of solution for avoiding fast moving UEs in small cells or allowing fast moving UEs in small cell when/if needed to achieve the good mobility performance in HetNet introduces signalling overhead.
5
Performance Results
Simulations have been run using 2, 4 and 10 picos per macro-cell. The MSE evaluation period t-Evaluation is 120 s.

We have shown [3] that Rel-10 MSE and eMSE perform equally, if the thresholds of Rel-10 MSE are optimized for each scenario according to number of picos. Therefore we have used eMSE as a reference. See [3] for more information about MSE and eMSE performance.
Therefore, the following cases are compared:

· Gray-listing based on eMSE compared to eMSE only (no Gray-listing)

· Gray-listing based on current Rel-10 MSE compared to Gray-listing based on eMSE

The Time to Trigger is scaled according to current [TS36.331] with values TTT = [256, 256, 128], for normal, medium and high mobility states respectively, which is TTT=256 ms, sf-medium = 1, sf-high = 0.5. 

When applying more aggressive handover setting, e.g. a lower Time to Trigger (TTT), the amount of radio link failures (incl. Handover failures) can be lowered, only at the expense of an increase in the amount of Short Time of Stay (Short ToS). In this study the MSE is used with down-scaling of TTT from 256 ms to 128 ms for UEs in High-mobility state, since this has been shown to give a good gain in terms of radio link failures, while causing a marginal increase in the Short ToS, [3]. This means that the Gray-listing is compared to a good setting of MSE and parameter scaling. 

[image: image2.emf]0%

10%

20%

30%

40%

10 30 60 120

Events / UE / h

UE speed  [kmph]

User off-loading to pico

MSE and Gray-listing+MSE

MSE, 2 pico

GL(MSE), 2 pico

MSE, 4 pico

GL(MSE), 4 pico

MSE, 10 pico

GL(MSE), 10 pico

0

1,000

2,000

3,000

10 30 60 120

Events / UE / h

UE speed  [kmph]

Rate of handover

MSE and Gray-listing+MSE 

MSE, 2 pico

GL(MSE), 2 pico

MSE, 4 pico

GL(MSE), 4 pico

MSE, 10 pico

GL(MSE), 10 pico

0

2

4

6

8

10 30 60 120

Events / UE / h

UE speed  [kmph]

Rate of radio link failure

MSE and Gray-listing+MSE

MSE, 2 pico

GL(MSE), 2 pico

MSE, 4 pico

GL(MSE), 4 pico

MSE, 10 pico

GL(MSE), 10 pico

0

500

1,000

1,500

2,000

10 30 60 120

Events / UE / h

UE speed  [kmph]

Rate of Short Time of Stay

MSE and Gray-listing+MSE

MSE, 2 pico

GL(MSE), 2 pico

MSE, 4 pico

GL(MSE), 4 pico

MSE, 10 pico

GL(MSE), 10 pico


Figure 2 Mobility statistics with/without Gray-listing using eMSE

Figure 2 shows mobility statistics for eMSE compared to eMSE with Gray-listing. The rate of handover, rate of radio link failure, and rate of Short Time of Stay all go down, which is as expected. The user off-loading to pico cells also shows a tendency to go down, but not a lot. In order to explain this, consider Figure 3 that shows an ideal pico coverage area and UEs passing at different distances to the center. The UE1 clearly apply the Gray-listing escape and connects to the pico, whereas UE3 clearly will not connect to the pico. It depeneds on the RSRQ threshold for the serving cell, whether UE2 will connect or not. If the threshold is such that the likelihood of the RSRQ dropping below threshold is high, which is the case here, the UE2 will connect to the pico. This means that the UEs that do not connect would have stayed so short that this contributes very little to the off-loading. Put another way, most stays in the pico are much longer than the ones avoided by the Gray-listing. The reason that this has a large decreasing impact on the radio link failures is that without Gray-listing these UEs trigger a handover into the pico when they are already on the way out from pico coverage, and the next handout from pico will be late and fail.    
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Figure 3 Three UEs passing a pico cell. The dotted line is an ideal cell edge in a distance of, say, 50-100 m.

Observation 2: Gray-listing based on eMSE compared to eMSE without Gray-listing provides a reduction in RLF and Short ToS of up to 50% and 20% respectively. The rate of handover decreases at same rate as the rate of Short ToS in absolute numbers, and the off-loading to pico only decreases slightly due to the very short stays avoided by the Gray-listing.
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Figure 4 Mobility statistics for Gray-listing based on Rel-10 MSE and eMSE
As observed in [3] the Rel-10 MSE and eMSE performs the same when the Rel-10 MSE is using mobility state thresholds that are adapted to the pico density. The results when using Gray-listing on the adapted Rel-10 MSE and eMSE are therefore the same. Figure 4 shows mobility performance results when using Gray-listing based on Rel-10 MSE and eMSE, when they both apply the mobility thresholds that cause a UE moving at 120 km/h to be in High-mobility 80% of the time, see [3] for details.

We observe that the rate of handover and user off-loading to pico are varying insignificantly. We do, however, observe gains in terms of radio link failure. Figure 5 shows the gains.
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Figure 5 Reduction in RLF switching from Rel-10 MSE to eMSE.
Reduction = RLF(eMSE)/RLF(Rel-10 MSE) - 1
The gains by reduced RLF are due to the influence of the pico cells on the MSE handover counter, see [3]. The Rel-10 MSE counter is positively biased by the pico density, such that at higher density there will be some low speed UEs that are mis-classified as High-mobility, which means that they will apply Gray-listing, when they should not. The Rel-10 MSE counter is also varying more than with eMSE, and this variance increase with the pico density, see [5], which means that a part of the fast moving UEs will be classified as Medium-mobility and not apply Gray-listing, when they should.

It is also noted that there seems to be slightly higher RLF with eMSE at low speed. However, in this case the absolute number of RLFs is very low and the performance is acceptable even though the relative rate of RLF is slightly increased compared to Rel-10 MSE. This is due to some low speed UEs being classified as High-mobility due to their trajectory, which means that they will scale handover Time to Trigger down and apply Gray-listing. 

Observation 3: With Gray-listing based on eMSE relative to Rel-10 MSE there is 20% RLF gain for medium to high speed UEs while maintaining the off-load gain for lower UE speeds. The rate of Short Time of Stay is up to 10% lower at medium speed at high pico density. 
6
Overall evaluation

Table 1 summarizes the solution details based on the proposed evaluation in [13].
Table 1: Aspects for solution evaluation
	Criteria
	Description

	Mobility performance
	Gray-listing reduces the rates of RLF, Short ToS, and handover significantly while retaining almost all user off-loading to pico. 
Gray-listing based on eMSE as compared to current MSERel-10 MSE provides a gain of 10-20% in RLF at medium and higher speed, and 10% in rate of Short ToS at medium speed. Other statistics do not change significantly.

	Standard effort
	This impacts the RAN2 specification. See section on standards impact.

	Signalling overhead
	The Gray-listing provides a significant reduction is signalling overhead when implemented as a UE-based solution. A UE only reports a cell when a handover is needed.
When implemented as a network-based solution there will be a signalling overhead that depends on the implementation.

	Backward compatibility
	The Gray-listing is backwards compatiple in the sense that a legacy UE may be setup as usual. It will be unaware of the Gray-listing, and it will suffer the high likelihood of RLF, as for current.

	Idle UE applicability
	Gray-listing lowers the risk of a radio link failure, which means that it is dedicated for RRC connected state. We have found no need to consider a similar solution for RRC idle state.

	Configuration Impact
	Gray-listing requires configuration at least to fast moving UE about the cells with restricted access. Complexity can be compared to configuration of black listing. Additionally event trigger A5 needs to be configured to control the access to Gray-listed cells.

	Implementation Impact
	NW implementation to enable selection of Gray-listed cells is proprietary and implementation impact of Gray-list signalling to NW and UE is comparable to black listing. Controlling the access to cells based on A5 can use the existing functionality. A detailed solution proposal on how to implement Gray-listing to 3GPP technical specifications has been presented in [7].


Addition to proposed evaluation in [13], we think that it is important to also evaluate the operation of enhanced MSE in terms of traffic off-load into small cells to maximize the investment to heterogeneous network. 
	Off-load impact
	Intention is to control off-loading with Gray-listing by UE-based eMSE and fast moving UEs autonomously try to avoind connecting to small cells. Off-load capability is maintained for slowly moving users while RLF rate associated to small cells is significantly reduced for fast moving users.  



7
Concluding Remarks

This paper introduced a solution to improve HetNet co-channel mobility performance according to the objectives of the Work Item on HetNet mobility [1]. Target was to improve overall HO performance with regard to HO failure rate and Ping-pong in HetNet environments using UE autonomous enhancements for a wide range of UE speeds. In [2] it was observed that access to small cells should be allowed only for low to medium mobility users. To achieve this goal, the presented Gray-listing was used together with unbiased and enhanced mobility state estimation [3]. Proposed solution was shown to significantly reduce the amount of radio link failures and signaling overhead, while maintaining the offload to pico cells for slow moving users. 

It was observed that a network implementation of solution similar to the proposed Gray-listing solution introduces signalling overhead to achieve the same mobility performance in HetNet.
It was observed that Gray-listing based on eMSE compared to eMSE without Gray-listing provides a reduction in RLF and Short ToS of up to 50% and 20% respectively. The rate of handover decreases same as the rate of Short ToS in absolute numbers, and the off-loading to small cells only decreased slightly due to the very short stays avoided by the Gray-listing.
With Gray-listing based on eMSE relative to Rel-10 MSE there is a gain of 10-20% in RLF for UEs at medium or higher speed. The rate of Short Time of Stay is up to 10% lower at medium speed at high pico density. The rates of handover and the off-loading to pico are unchanged.
Proposal: It is proposed that Gray-listing using enhanced MSE solution [3] shall be considered for the 3GPP Release 12 to improve mobility in Heterogeneous Networks.
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Appendix A, Simulation parameters

Table 2, Pico cell densities considered in simulations
	Scenario
	Number of pico cells per macro cell

	Macro & Pico
	2, 4, 10


Table 3, Enhanced MSE parameters used in simulations
	MSE Parameter
	Value

	T_CRMax, mobility period

	120s

	N_CRMedium, limit to enter medium state
	7

	N_CRHigh, limit to enter high state
	14

	T_CRmaxHyst, hysteresis back to normal state
	30 s

	Macro_to_Macro_Weigth
	1.0

	Macro_to_Pico_Weigth
	0.45

	Pico_to_Macro_Weigth 
	0.25

	Pico_to_Pico_Weight
	0.1

	Gray_list_serving_thresh_low
	-20

	Gray_list_target_thresh_high
	-5


Table 4, Summary of Mobility related parameters
	HO Parameter
	Value

	Time To Trigger (TTT)
	TTT = [256, 256, 128], for normal, medium and high mobility

	A3 Offset
	3 dB Macro and Pico

	Ping-Pong-Time
	1 s

	Measurements Rate
	0.2 s

	HO Execution Time (including Preparation)
	0.1 s

	RSRP error – zero mean Gaussian
	1 dB std

	Filtering Factor K
	4

	RLF: Qout Threshold
	- 8 dB

	RLF: Qin Threshold
	- 6 dB



