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1
Introduction
In this contribution we present enhancements related to HetNet co-channel mobility performance in line with the observations and studies under the Rel-11 Study Item on HetNet mobility [1]. In particular we present solution proposals related to the following observation from [1]:

•
The UE speed has a significant impact on the HO performance. The trend of simulation results indicated that high speed UEs suffer much higher HO failure rate than low speed UEs.

Given this observation, it was discussed during the Rel-11 SI on HetNet mobility that it would be desirable to have differentiated mobility behaviour / optimization depending on the UE speed, and related measures. In this context, UE mobility state estimation (MSE) observation was also studied in [1], leading to the following main observations:

•
The MSE is not as accurate in HetNet environments as in macro only deployments since it does not take into account cell sizes.

•
It was however agreed that possible enhancements to the UE-based MSE should serve the purpose of enhanced mobility performance (not only for the sake of enhancing the MSE estimate).  Enhancements should be considered to improve the mobility performance of HetNet. This includes UE and network based mechanisms.

Given these observations from the Rel-11 SI on HetNet mobility, we present the Gray-listing solution [2] based on enhanced MSE (eMSE) [3] [4], shown together to address those identified HetNet co-channel mobility challenges. 

The rest of the contribution is organized as follows: In Section 2 we outline the overall objectives of the proposed solution. Section 3 contains a description of the recommended solution, followed by presentation of corresponding performance results in Section 4. Section 5 includes a summary of the required standards updates to have the supported solution in Rel-12 specifications, while Section 6 contains concluding remarks.  

2
Solution Objectives
Given the observations from the Rel-11 SI on HetNet mobility, our objective is to provide a solution that primarily offloads UEs with low to medium speed to co-channel deployed small cells, while avoiding such offload for UEs at higher UE speeds unless absolutely necessary for preventing risks of radio link failures (RLF), or in worst case dropped calls. By having such a mechanism, we can greatly reduce the probability of RLFs (and handover failures - HOF) as those are known from the Rel-11 studies to be dominated by outbound handover from pico to macro for high speed UEs. As high speed UEs are also those having the shortest small cell time-of-stay (ToS), and highest number of handovers, we further reduce the RRC signalling overhead by trying to avoid offload of high speed UEs to small cells.

As discussed in [1], there are numerous methods for achieving the above listed objectives. Here we mainly consider UE centric solutions, as our objective is also to reduce the amount of RRC signalling of RRM measurement reports from UEs to the minimum desired level. This means, we also have as an objective that high speed UEs should send RRM measurement reports (e.g. A3, A5 events) back to the network only if there is a need for the UE to be offloaded to the small cell layer due to radio performance reasons. Otherwise, high speed UEs should not report RRM measurement events from small cells.  

3
Gray-Listing and eMSE Solution Proposal
3.1
Gray-Listing
Gray-listing at UE is invoked when UE mobility state is estimated to be above normal, e.g. high. The Gray-listing solution [2] proposes signalling of a list of conditionally restricted cells to the UE. These cells are called Gray-listed cells. Signalling can be done for example by informing UEs of the Physical Cell Identity (PCI) list, range or sequence of pico cells. All UEs perform RRM measurements on Gray-listed cells for mobility purposes according to the current LTE specifications. UEs in high mobility state don’t report measurement event triggers, e.g. A5, for a Gray-listed small cell, unless the radio conditions worsen below the target quality and the escape mechanism needs to be activated immediately. 

Escape mechanism consists of two RSRQ thresholds and an event triggered measurement report according to current LTE standard. Fast moving UE prepares measurement report for Gray-listed cell according to configured event trigger, when RSRQ (Reference Signal Received Quality) of serving cell falls below the RSRQThreshold1, and at the same time the RSRQ on the Gray-listed cell is acceptable for access, i.e. greater than the RSRQThreshold2.
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Figure 1 RSRQ thresholds for enabling a Gray-listed cell
Figure 1 illustrates the UE access to Gray-listed cell after the escape mechanism has been triggered. According to Figure 1 a UE in high mobility state is moving towards Pico Cell 1 and the serving cell RSRQ starts to degrade due to co-channel interference from pico cell. Eventually measured macro cell RSRQ will fall below RSRQThreshold1, and the Pico Cell 1 RSRQ is measured to be better than RSRQThreshold2. 

As an another example, UE is moving towards Pico Cell 2 and measuring RSRQ, but in this case Pico Cell 2 will not be reported, because the RSRQ on the serving cell stays better than RSRQThreshold1, indicating that the escape mechanism is not needed. RSRQThreshold1 should be set so that it corresponds to the RSRQ value at which the lowest acceptable throughput for the UE can be achieved in current serving cell (taking also into account the time to trigger).

3.2
Enhanced MSE
Gray-listing can improve mobility robustness of fast moving users, and when combined with Enhanced MSE the mobility performance can be further optimized and also the pico cell off-load capability can be increased [5]. The proposed solution to improve the UE MSE algorithm is based on updates/increments of the MSE event count with different values signalled by the network as part of the handover procedure. Therefore a small cell can contribute less to the MSE estimate compared to relatively larger cells. During the handover procedure the source eNB selects the target PCell and target eNB generates the message used to perform the handover. Thus, it is possible to apply a UE specific mobility state increment value [3], which is dependent on the characteristics of cell types involved in the handover.

This contribution considers RRC connected state only. However, we do not preclude similar enhancements for idle state. The proposed enhanced MSE does not exclude mobility state estimation for idle mode, if a scheme is found necessary for the idle state mobility of the future network deployments. 
4
Performance Results
Simulations have been run using 4 and 10 pico/macro-cell for the following intra-frequency cases:

•
Reference case; no MSE, no TTT scaling, TTT=256ms for all cells and for all users

•
Enhanced-MSE; enhanced MSE [4], TTT scaling based on Rel-10 [TS36.331], TTT = [256, 256, 128], for normal, medium and high mobility states respectively

•
Gray-listing; Gray-list based access to small cells, mobility state based on enhanced MSE [4], TTT = [256, 256, 128], for normal, medium and high mobility states respectively, which is using TTT scaling, as specified by TS 36.331, with TTT = 256 ms, sf-medium = 1, and sf-high = 0.5.

Figure 2 shows the total number of handovers per UE per hour for simulated cases at different velocities. The number of handovers increases when the velocity increases since the fast moving users are crossing more cells than slowly moving users. The case with gray listing shows clearly the lowest number of handovers as users are only performing inbound pico handover if absolutely necessary from interference point of view.
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Figure 2 Number of Handovers/UE/hour, 4 picos/macro-cell
Figure 3 and Figure 4 show the percentage of users connected to pico cells at different velocities for 4 and 10 picos per macro cell respectively. Following the principle of keeping fast moving users away from small cells, it seems that the gray-listing provides the most reduction of inbound handovers to small cells for users moving at 60 km/h and 120 km/h. Gray-listing shows good performance in terms of being able to minimize the offload to picos for high velocity users, while still maximizing the offload for slow moving users.
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Figure 3 Share of Pico Users [%], 4 picos/macro
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Figure 4 Share of Pico Users [%], 10 picos/macro
Figure 5 and Figure 6 show the number of radio link failures per UE per hour for users at different velocities for 4 and 10 picos per macro cell respectively. There is a significant reduction in RLFs when using Gray-listing with enhanced MSE. This confirms that it is feasible to differentiate the offload to pico cell for slow and high moving users without jeopardizing RLF performance.
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Figure 5 Number of Radio Link Failures /UE/hour for 4 picos/macro
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Figure 6 Number of Radio Link Failures /UE/hour for 10 picos/macro
5
Standards Impact
5.1
Enhanced MSE
Enhanced Mobility State counter value at UE is incremented using a parameter signalled by the network.  Typically this would be done after each successful handover procedure using RRCConnectionReconfiguration message. IE MeasConfig [6] and UE variable VarMeasConfig specify measurements to be performed by the UE and how to store the UE variables. Both contain IE MobilityStateParameters, which specifies parameters to determine UE mobility state. The new IE field and description for Enhanced MSE at IE MobilityStateParameters could be
n-mobilityStateIncValue The value to increment mobility state. 

where the mobility state estimation is incremented with given enumerated value relative to cell type characteristics, e.g. size or type. Exact enumerated values are for further study.

The UE shall apply the parameter into eMSE process if UE is able to comply with the provided configuration, and the MeasConfig message includes the proposed n-mobilityStateIncValue. The mobility state shall not be incremented if the increment value is not present in the MeasConfig message. Upon at expiry of T304 the signalled value for mobility state updating value shall not be used.

In [6] Chapter 5.5.6.2 specifies the speed dependant scaling of measurement related parameters. Using Enhanced MSE the UE shall perform mobility state estimation as specified in [7] with the following modification:

•
incrementing mobility state counter with signalled value n-mobilityStateIncValue instead counting handovers;

•
applying the parameter applicable for RRC_CONNECTED as included in speedStatePars within VarMeasConfig;

5.2
Gray-listing
The RRCConnectionReconfiguration [6] message is the command to modify an RRC connection. The purpose of this procedure is e.g. to establish/modify/release radio bearers, perform handover and setup/modify/release measurements.

The network configures the UE to perform measurement reporting. Gray-listed cells needs to be signalled to UE in RRC connected state to indicate about the cells which have been configured with conditionally restricted access. The IE MeasObjectEUTRA [6] specifies information applicable for intra-frequency or inter-frequency EUTRA cells. One possible implementation is to extend IE MeasObjectEUTRA to cover Gray-listed cells. The new IE field and description for Gray-listing at IE MeasObjectEUTRA could be 

	grayCellsToAddModList

List of cells to add/ modify in the gray list of cells.

	grayCellsToRemoveList

List of cells to remove from the gray list of cells.


where the Gray-listed cells can be identified by field descriptions related to list, range or sequence of physical cell identities. Measurement object and reporting configuration addition and modification is proposed to be similar to current specification.

Triggering an event based measurement report for Gray-listed cell requires two thresholds. These thresholds indicate a event trigger condition for a measurement report where serving cell becomes worse than RSRQThreshold1 and Gray-listed target cell becomes better than RSRQThreshold2. This is operationally equal to A5 event trigger in current specification [6], and A5 can be used for this purpose.
6
Concluding Remarks

We have shown that it is possible to improve the mobility robustness by keeping the fast moving UEs away from the small cells. From the simulation results we can observe that significant mobility performance benefits can be achieved using Gray-listing together with enhanced Mobility State Estimation. Gray listing also allows fast moving users to connect to small cells when dictated by the radio conditions, thus not compromising the offload potential.

We suggest capturing the proposed enhancements in the specifications. Detailed implementation is for further study.
References
[1] TR 36.839, Mobility enhancements in heterogeneous networks, V11.0.0 
[2] R2-122371, Improved Mobility Robustness using Enhanced Mobility State Estimation, Nokia Siemens Networks, Nokia Corporation
[3] R2-121624, Improved Mobility State Estimation, Nokia Siemens Networks, Nokia Corporation
[4] R2-124027, Mobility State Estimation and HetNet, Nokia Siemens Networks, Nokia Corporation
[5] "Improved Mobility Performance in LTE Co-Channel HetNets Through Speed Differentiated Enhancements", IEEE GLOBECOM 2012, Anaheim, CA, USA, 03-07 Dec 2012

[6] 3GPP TS 36.331, Radio Resource Control (RRC); Protocol specification , (Release 11)
[7] 3GPP TS 36.304, User Equipment (UE) procedures in idle mode , (Release 11)
