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1 Introduction
“High-speed-railway dedicated LTE network”, which exploits dedicated resource or specific design for the coverage of high speed railway, is proposed to guarantee user experience on the high-speed-train. However, due to overlapped coverage between dedicated network and public network, UEs in RRC_IDLE which are not on the train may camp on and initiate service from the dedicated network as well. In our previous contribution [1] we analysed this issue discovered in our real-life LTE network operation, and in this paper we propose a speed-level-based solution to ensure UE to camp on proper cells (i.e., dedicated for high-speed train or not) according to UE status (i.e., on the high-speed-train or not).
2 Discussion
The main purpose of deploying a high-speed-railway dedicated LTE network is to provide good service for UEs on the high speed train, which will camp on the dedicated network and therefore may switch to RRC-CONNECTED and initiate service in time. To guarantee this, the high-speed-railway dedicated LTE network is deployed alongside the railway, in which several RRUs are concatenated in line and work as only one single cell to reduce the handover/reselection frequency and signalling overhead.
However, due to overlapped coverage between dedicated network and public network near the railway (especially in those large population area as shown in Fig.1), UEs which are not on the train may camp on and initiate service from the dedicated network due to its better coverage and/or dedicated resource. This issue will frequently cause congestion of the dedicated network, which is not desired from the network operation point of view.

[image: image1.emf]Public 

Cell

RRU of 

Dedicated 

Cell

Multiple RRUs are 

concatenated as 

one single cell


Fig.1 Overlapped coverage between dedicate network (with Multiple RRUs concatenated as one single cell) and public network

To ensure that UEs on the high-speed-train prioritize the dedicated network and other UEs prioritize the public network to camp on, possible schemes are listed as follows:
a) prioritizing the frequency for the dedicated network, which will increase the possibility of regular UEs camping on the dedicated network as well;

b) forbidding cells of the public network near the railway and cells of the dedicated network to broadcast related cell reselection parameters of each other, which will cause out of service due to the temporary unavailability of the dedicated coverage for the UE;
c) load balancing based on UE speed identification in each network, which will trigger more handover procedures and the mobility state estimation designed for regular UEs does not work due to different deployment of the dedicated network.
Since that the most fundamental difference between UEs on the high-speed-train and regular UEs is mobility state (i.e. speed), we propose a promising solution in which the UE can (re)select a cell with the serving priority that best matches its speed-level based on its speed and the serving priority rules of cells nearby. 3 step are included in this solution: 1) UE speed estimation, 2) speed-level-based serving priority broadcasting and 3) speed-level-based (re)selection.
1) Speed estimation 
The current mechanism for assisting estimation the speed of a regular UE is based on cell change (i.e. a UE (re)selects a cell to camp on and then reselects to another cell) during a certain period of time, e.g. 5km/h (low speed) for 5 cell changes in 1 hour and 200km/h (high speed) for 200 cell changes in 1 hour. However, in the high-speed-railway dedicated LTE network, several RRUs (typically 8~12 in our network) are concatenated in line and work as only one single cell as shown in Fig.1. As a consequence the UE on the high-speed-train (e.g. 200km/h) may probably only change very few cells though it has actually travelled a quite long distance in a certain period (e.g. 20 cells in 1 hour), which may lead the scaling factor (e.g. 20km/h) less effective or even helpless.
The key to know the actual speed of the UE on the high-speed-train is to correctly reveal the distance it has travelled in a certain period. A simple and effective solution is that the cell of the high-speed-railway dedicated LTE network broadcasts an indication, i.e. one cell change in the dedicated network is equivalent to N (e.g. N=10) cell changes in the public network, according to the actual deployment of RRUs. Therefore the UE on the high-speed-train can accurately estimate its speed (e.g. 200km/h) using current mechanism.
Proposal 1: Each cell can indicate the number of equivalent cells in system information.

In order to help UE have better understanding of which speed level the UE is in, each cell needs to broadcast speed level threshold information. Assuming there are 3 speed levels, i.e. low/medium/high, network needs to broadcast 2 speed related threshold. The IE MobilityStateParameters in LTE SIB3 can be reused to determine UE mobility state. 
Proposal 2: Each cell can indicate (1 or more) speed-level related thresholds in system information, IE MobilityStateParameters in LTE SIB3 can be reused.

2) Speed-level-based serving preference for each cell
In order to help UE camp on more suitable cell, each cell needs to indicate which speed level UE they prefer to serve. For example, the cells of the dedicated network indicate that the high-speed UE is prioritized. The cells of the public network indicate that medium/low speed UE is prioritized. Since this kind of information is expected to be received by idle UE, it’s better to transmit in system information.

For cell reselection purpose, UE also needs to have the knowledge of neighbour cells’ preferred speed level. So it’s better for the UE to get neighbour cell information. It is proposed that each cell can indicate the preferred speed level of neighbour cells.
Proposal 3: Each cell can indicate the preferred speed level of its own and neighbour cells in SI.
3) Speed-level-based cell (re)selection

After the UE has the knowledge of preferred speed level of serving cell and neighbour cell, speed-level-based cell (re)selection can be performed. Just as frequency priority based cell (re)selection, UE treat the cells whose speed level match the UEs’ current speed level as highest priority cells. UE perform S-criteria or R-criteria among the highest priority cells. Only if there is no suitable cell in highest priority cell, can the UE choose from lower priority cells.
Proposal 4: If the speed level preference information is broadcasted in serving cell, UE perform speed-level-based cell (re)selection.

Since there is already frequency priority based (re)selection in TS, which one should be performed ahead? In order to find the strongest cells among all the highest priority cells, it’s better to perform speed-level priority based (re)selection ahead of the legacy frequency priority based (re)selection.

Proposal 5: Speed level priority based (re)selection is performed ahead of the legacy frequency priority based (re)selection
3 Conclusions
In this paper, we discuss a speed-level-based solution to ensure that UEs on the high-speed-train prioritize the dedicated network and other UEs prioritize the public network for cell reselection in high-speed railway scenario. We would like to propose:
Proposal 1: Each cell can indicate the number of equivalent cells in system information.
Proposal 2: Each cell can indicate (1 or more) speed-level related thresholds in system information, IE MobilityStateParameters in LTE SIB3 can be reused.
Proposal 3: Each cell can indicate the preferred speed level of its own and neighbour cells in SI.
Proposal 4: If the speed level preference information is broadcasted in serving cell, UE perform speed-level-based cell (re)selection.
Proposal 5: Speed level priority based (re)selection is performed ahead of the legacy frequency priority based (re)selection
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