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Discussion and Decision
1      Introduction
During RAN plenary meeting #75, it was proposed to discuss High-speed-railway dedicated LTE network (HSDN) issues in TEI 15. One of the biggest challenge is to correctly give priority to the UEs on the high speed train to access the “High speed railway dedicated network”. The “High-speed-railway dedicated LTE network” usually has a better coverage along the railway to compensate the penetration loss than the “public LTE network”. As a result, UE tends to camp on “High-speed-railway dedicated LTE network” even though they are not the target users who are on the high speed train. This contribution first discuss how to distinguish the “high-speed-railway dedicated LTE network” from “public LTE network”, then provides potential solutions to identify the UE on the train so that priority can be given to the target users.
2      Discussion

In order to achieve the intended use of the “High-speed-railway dedicated LTE network”, the following goal should be achieved as stated in the WI proposal [1]:
1. distinguishing between “High-speed-railway dedicated LTE network” and “Public LTE network”
2. prioritize the in-train UE to use the “High-speed-railway dedicated LTE network” and prioritize the NOT in-train UE to use the “Public LTE network”
3. supporting robust handover for UE handover to the “High speed railway dedicated network” when it is in-train
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Figure 1: Example of a high-speed railway dedicated network mixed with public LTE network

Figure 1 shows a mixed deployment where high-speed-railway dedicated network (color blue in the figure) and public LTE network (color green in the figure) are co-located. The high speed train is always covered by the high-speed-railway dedicated network while overlapping with public LTE network which normally has a larger coverage areas. There may be additional small cells within the train station (color orange in the figure). 
Issue #1: distinguishing between “High-speed-railway dedicated LTE network” and “Public LTE network”

In order to camp on the suitable network as operator planned correctly, the UEs should be able to distinguish the “High-speed-railway dedicated LTE network” from the “Public LTE network”. Below are the different options: 
· Option 1: Network signalled 1 bit for high-speed-railway dedicated LTE network in SIB 
· Option 2: Serving cell sends a list of cell ID of the high-speed-railway dedicated LTE cell to the UE either via dedicated signal or SIB
Option 1 can be used for idle mode UEs while option 2 can be used for connected mode UE without the UE reading neighbouring cells SIB. Therefore, it is proposed to support “high-speed-railway dedicated LTE network” via both SIB and dedicated signalling.
Proposal 1: 1 bit indication in SIB to indicate if the cell is a “high-speed-railway dedicated LTE network” (HSDN).
Issue #2: prioritize only in-train UE to use the “High-speed-railway dedicated LTE network” and prioritize the NOT in-train UE to use the “Public LTE network”
If we can distinguish in-train and NOT in-train UEs, then the network can prioritize the in-train UEs to use the “high-speed-railway dedicated LTE network” and prioritize the NOT in-train UE to use the “Public LTE network”. Let’s assume the in-train UE can be prioritized the use of “high-speed-railway dedicated LTE network” (HSDN). The prioritization condition to access HSDN can be based on the following options:
· Option 1a: the UE speed/MSE is above a threshold and has detected the high-speed-railway dedicated LTE network
· In this option, good accuracy of MSE or speed estimation is required. Considering that the cell of HSDN is probably deployed with multiple concatenated RRUs, it may broadcast an indication that indicates one cell change in the HSDN is equivalent to N cell changes in the public LTE network according to the actual deployment. Therefore the current MSE mechanism should be enhanced.
· Assume MSE can be improved to achieve the accuracy, a slight delay may be expected.
· Option 1b: the UE measures signal degrade from the high speed train station (HSTS cells) and signal increase from high-speed-railway dedicated LTE network cells
· Within the “public LTE network”, it may be beneficial to also distinguish the cells within the coverage of the high speed train station (HSTS cells) to assist to identify where the UE gets on and off the train. 
· Imagine the UE is entering the train, the measured signal of the HSTS cells will be degrading while the measured high-speed-railway dedicated LTE network cells will be increasing. This can be used as one of the indication to mark the UE entering the train.
· The drawback of this option is that field test shows no significant difference in signal strength between the in train UEs near the window and the NOT in train UEs, while there is more than 20dB difference in signal strength between the in train UEs near the window and those near the aisle.
· Option 1c: when the UE measured N number of high-speed-railway dedicated LTE network cells (N configured by network or fixed)
· If the high-speed-railway dedicated LTE network cells have different cell ID, then the UE can be marked based on the measurement of the cells count. For example, if the UE has measured 2 high-speed-railway dedicated cells, it is considered to be on the train. 
· In case of the high-speed-railway dedicated LTE network cells have the same cell ID, option 1d can be used.

· The drawback of this option is that delay may be expected at the entering stage (when the UE entering the train).

· Option 1d: when the measured high-speed-railway dedicated LTE network cells above a threshold for a configured time

· Imagine the UE enters the high speed train, the UE will measure high-speed-railway dedicated LTE network cells with strong signal, if the UE continues to receive such strong signal for some configured time, it can be considered to be on train UE. 

· The drawback of this option is the static UE who receives strong signal from high-speed-railway dedicated LTE network cells can also have access to the network.

Below are the de-prioritization options to access the “high-speed-railway dedicated LTE network”:

· Option 2a: when the MSE/speed state is low or UE MSE/speed state below a threshold
· Similar to option 1a, MSE can be enhanced and the accuracy can be improved by additional indication for the HSDN.
· When the train is approach a station and the speed is reduced, the UE on the train may lost access to the HSDN. To avoid this the duration for evaluating criteria of speed state change can be extended (e.g. by choosing a larger t-Evaluation and/or t-HystNormal in the IE MobilityStateParameters). Anyway, the UE can reselect to the HSDN after the train leaves the station and speed is increased.
· Option 2b: the UE starts a timer once the UE speed below a threshold or enters low MSE/speed state. When the timer expires, the UE is unmarked 
· This option is similar to option 2a with a timer to resolve the train stops at train station problems.

· However, this still requires accurate MSE for this option to work
· Option 2c: the UE starts a timer when camped on HSTS cell, the UE is unmarked when the timer expires
· UE gets off the train and eventually has to camp on the public LTE network, with a timer after the UE camps on public LTE network, the UE can be unmarked 
· Option 2d: when the UE handover/cell reselect N number of public LTE cells (N configured by network or fixed)
· This option is similar to 2c but using cells count instead of a timer. Similar performance can be achieved
In general, the UE speed/ MSE seems to be the simplest solution to support the prioritization of accessing HSDN, and it can be enhanced by indicating one cell change in the HSDN is equivalent to N cell changes in the public LTE network.
Proposal 2: The cell of the HSDN can indicate the number of equivalent cells for speed state estimation in system information.
Therefore, it is proposed the following for cell reselection:

o   When the UE is in high speed state, higher priority to reselect HSDN cell than LTE cell

o   When the UE is not in high speed state, higher priority to reselect LTE cell than HSDN cell

Proposal 3: When the UE is in high speed state, higher priority to reselect HSDN cell than LTE cell.
Proposal 4: When the UE is not in high speed state, higher priority to reselect LTE cell than HSDN cell.
3      Conclusion 
Proposal 1: 1 bit indication in SIB to indicate if the cell is a “high-speed-railway dedicated LTE network” (HSDN).
Proposal 2: The cell of the HSDN can indicate the number of equivalent cells for speed state estimation in system information.
Proposal 3: When the UE is in high speed state, higher priority to reselect HSDN cell than LTE cell.

Proposal 4: When the UE is not in high speed state, higher priority to reselect LTE cell than HSDN cell.
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