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1
Introduction
The paper [1] proposed a way forward in the form of using dynamic Neighbour Cell List (NCL) in DCH state.  This contribution deals with the issue of NLC limitations and challenges in the HetNet environment and proposes some optimization solutions.

2
Neighbor Cell List in HetNet Environment

Neighbour Cell List is defined per cell in the RNC in the radio network configuration database. Per cell implies that each cell in the network can have a unique NCL which reflects the other cells located in its vicinity. The entries in an NCL form ‘Measured Set’ and the candidates from such a set could form an active set.  
NCL was originally designed to accommodate homogeneous networks and the number of entries fit well to dense urban macro cell deployments. The current NCL supports following number of entries

· 32 Intra frequency neighbours (including the serving cell)

· 32 inter-frequency neighbours 

· 32 inter-RAT neighbours

In connected mode, when a UE is in soft or softer HO zone, the total number of NCL entries received by the UE equals the sum of all unique NCL entries of the cells participating in the soft handover. Using the optional feature of Detected Set Reporting, the number of entries can be increased to 64 however handing over to new cells based on this feature can be time consuming and depends entirely on UE implementation with a maximum timespan of up to 30 seconds. 

HetNet can significantly increase the number of possible neighbours. This can potentially be problemtic in dense HetNet deployments. Especially in case of intra-frequency neighbours, LPN cells located on the same channel but missing from the NCL can lead to strong interference. Time constraints posed by Detected Set Reporting make it unsuitable to combat such situations.

One way to deal with the NCL size constraints is to increase the maximum number of entries. However, such a solution will still not solve the problem for legacy users. Legacy users would still be restricted to the limits ordained by existing specifications. 
In order to make the best use of existing size, NCL may be allocated dynamically based on the mobility class (speed) of the UE as described in point 3
3
Dynamic NCL allocation based on UE mobility
In 3G system, LPNs are basically low powered NodeBs aimed at serving a specific concentration of data traffic especially in urban environments. Such deployments could be both indoor and outdoor. Indoor deployments are aimed at serving users who are located in public or private establishments with high traffic demands such as offices, airports, shopping malls etc. On the other hand, outdoor deployments are envisioned for users in outdoor public places or in some cases, users with relatively higher mobility. Moving UEs at high speeds typically experience worse channel conditions than pedestrian or static UEs. Therefore, deploying LPN cells along the movement path of UEs especially in an urban setup is a plausible idea to improve their service experience. 

We propose a method for dynamically updating NCL (of a given UE) through RNC based on a user’s mobility profile. Mobility profile of a user refers to the classification of a user based on a rough speed estimate possibly taking into account direction of travel as well. There are three mobility profiles assumed for the purpose of this problem;

· Low Mobility: Includes pedestrian and static UEs (hereby referred to as Class 1 UEs)

· Medium Mobility: Users moving at relatively higher speed. This typically reflects vehicular UEs in an urban environment (around 20-40 km/h)  (hereby referred to as Class 2 UEs)

· High Mobility: Users with speeds upwards of 50 km/h (hereby referred to as Class 3 UEs)

By knowing the mobility profile of the user, we propose a method to dynamically update NCL in line with the state of the art Active Set update procedure such that the UE will make more focussed measurements, with following considerations;

· All UEs do not need to have all LPN cells in their neighbour list but it should be rather a small, intelligently chosen subset

· Class 1 UEs have more random and unpredictable mobility patterns and therefore require all LPN cells in their vicinity to be included in the NCL including indoor and outdoor cells but the targeted area can be rather small.

· Class 2 UEs have predictable mobility patterns for instance a UE moving at 30 km/h will be likely to connect to LPN cells only along the movement path (road, rail tracks) along with possible deviations (intersections) 

· Class 3 UEs also have predictable mobility patterns but due to their high speed may not need to connect to LPN cells or may not be allowed to connect to LPN cells because of state of the art features e.g. HCS. The average time spent in a LPN cell will be much smaller with higher handover payloads.
Observation 1: NCL could be allocated dynamically based on UE speed in order to make the best use of existing NCL size
3.1 Speed Estimation
Many vendors have their preferred solutions for estimating the UE speed. The speed estimation can be left as a vendor specific solution. Since accurate speed estimates are not required to classify the UE as low, medium or high mobility, indirect estimates such as looking at the number of Handover or Active Set Updates can be sufficient for determining the UE mobility class.
In Cell_DCH state, if the number of complete active set changes during the time period Fast_UE_Period is equal or exceeds the threshold Fast_UE_Threshold, the RNC shall inform RRC signalling entity about UE which is moving fast. 

RNC shall store a group of NCLs based on UE mobility class and the current LPN cell in which UE is located. RNC has the knowledge of the location of LPN cells along with the information about the target user base of each of these cells. For example RNC knows which cells are meant for indoor coverage, the cells that are meant of general outdoor coverage and the cells that are primarily designed to serve class 2 (or even 3) mobility profiles (for example a series of LPN cells along a street or rail track). The NCL should still include an optimal number of macro-cells as is the case in legacy system, but the number of LPN cells in the list may be kept to a small value.

A change in mobility state can be detected based on amount of the time a UE spends in a cell. This change should be reflected accordingly in the next NCL update.

3.2 Low Speed UEs

A class 1 UE shall only require cells in its immediate vicinity. The NCL will require fewer updates compared to other mobility classes and it is only done when class 1 UE moves in any direction while maintaining the same mobility profile (Figure 1). 

The updated NCL will have new cells which include all possibilities in a limited geographic area. This will be similar to the previous state, however the new updated NCL will make sure that randomness of UE’s direction of travel is not compromised. This can be achieved by ensuring that the new NCL includes all the surrounding cells while keeping the serving cell in the center. If the UE connects to an ‘on-road’ LPN cells, the new NCL should include some of ‘on-road’ cells in its NCL to have a heads up in case UE changes its mobility class (for example continues a call in a moving vehicle)
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Figure 1. UE located in a cluster of ‘off road’ LPN cells with its NCL indicated in orange (Purple cells are not part of these UEs NCL)
3.3 Medium Mobility UEs

A class 2 UE has a more predictable path such that its direction of movement has fewer degrees of freedom. On a straight road, this is limited to only two directions of movement (forward or backwards) which implies that it can be further refined by taking road layout into consideration (Figure 2).
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Figure 3. NCL for class 2 UE nearing an intersection (indicated in purple)

On a straight road, LPN cells share of NCL is smaller. Based on the past history of connectivity, we can have an idea of the direction of movement. With such knowledge, more cells can be added towards the direction of movement compared to the opposite direction. If the UE re-connects to one of the previous cells, we can assume that the direction of travel has flipped. On an intersection, the direction possibilities are higher and the NCL should reflect that by including at least some of the immediate neighbors along all paths.  Once the UE connects to a cell on one particular path (for example by taking a right turn), NCL can be updated by excluding the cells from other paths and only focusing on the new path. All cells outside the path should be excluded from the NCL except when the UE spends more than usual time in one cell. A timer can be maintained for such purposes. This can potentially indicate a change of class (class 2 to 1) and the NCL for such a case would be similar to the one reflecting the transition from class 1 to 2.

3.4 High Mobility UEs

Class 3 UEs will behave in the same way as class 2 but will include only few LPN cells to avoid frequent handovers and measurements. The LPN cell candidate  for class 3 could be the ones located at traffic lights or other such stop over.
Some form of connectivity with occasional LPN cells for such UEs may still be required in order to assert that the UE is maintaining its mobility class or not. High speed would indicate that the movement path is more predictable than other two classes and if the UE does not arrive under the coverage zone of an expected cell, it can be requested to provide measurement reports and its state can be changed accordingly.
The benefits to have limited number of  LPN cells in NCL for medium and high speed UEs are the following:

· Lower number of measurement reports because LPN cells which are not good candidates for medium and high speed UEs are not included in the NCL
· Lower number of HO. HO is perfomed only for those  LPN cells which are in the neareast vicinity of the medium and high speed UEs track

· Less HO failures and better HO reliability because lower number of  LPN cells are engagement in HO process and only those cells which are the best candidates for medium and high speed UEs are selected

Observation 2: Dynamically allocating NCL for medium and high speed UE could decrease number of measurement reports and improve HO performance
4
Conclusion
In this paper we have discussed potential problems in HetNet environment connected to UE’s mobility and the restrictions imposed by Neighbour Cell List. We can conclude the discussion with following observations: 
Observation 1: NCL could be allocated dynamically based on UE speed in order to make the best use of existing NCL size
Observation 2: Dynamically allocating NCL for medium and high speed UE could decrease number of measurement reports and improve HO performance
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