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1 Introduction
High-speed-railway dedicated network (HSDN), which is designed and optimized for the high-speed-railway scenario, is deployed for both LTE and NR to improve user experience on the high-speed-train. This means HSDN is dedicatedly designed and deployed to serve the high mobility state UEs only. The mobility state based cell reselection was agreed and specified in LTE TEI15 [1-2]. But NR haven’t support that yet. In this contribution, we share the motivation and specification impact for NR to support HSDN cell reselection.
2 Discussion
Motivation for mobility-state-based cell reselection
HSDN Scenario
The normal network is not suitable for serving UEs on the high speed train, due to frequently handover. The main purpose of deploying a high-speed-railway dedicated network is to provide better radio connectivity and dedicated optimizations 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. As shown in figure 1, one of the optimizations for HSDN is that, the HSDN cells are deployed alongside the railway, in which around 8~12 RRUs are concatenated in line and work as only one single cell in order to reduce the frequently handover or reselection and lower the signalling overhead at the same time. In our deployment, HSDN cells and normal cells can be deployed either on the same frequency or different frequency by shifting the SSB center frequency.
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Figure.1 Overlapped coverage between HSDN cells (with Multiple RRUs concatenated as one single cell) and normal cells
Issue Description
HSDN cells always has higher TX power than normal cells in order to compensate the penetration loss of the train body. However, we found a problem in the real network, the railway and HSDN which are deployed in the dense population urban area, low mobility state UEs which are not on the train may reselect to the HSDN cell and access to HSDN cell. When the train is coming, there will be less resources available on the HSDN cell to accept the HO request of the UEs on the train. The issue of low mobility state UE camping on the HSDN cells will frequently cause congestion of the HSDN cells, which is not desired from the network operation point of view. In real network, we observed that such issue results to call drop, low or zero bit rate, handover rejection, RACH failure for the high mobility state UE.
Observation 1: The main requirement for HSDN scenario is that, high mobility state UE should prior to reselect to HSDN cell, while low mobility state UE should prior to reselect to normal cell.
Implementation solutions

To ensure that UEs on the high-speed-train prioritize the HSDN cells and other UEs (i.e. regular UE) prioritize the normal cells to camp on, possible schemes and analysis are listed as follows:

a) Configuring dedicated frequency priority. But network side has no idea of UE mobility state in idle mode. There will still be lots of low mobility state UE reselect to the HSDN cells. So, configuring dedicated frequency priority cannot guarantee low mobility UE camping on normal cells and high mobility UE camping on HSDN cells;

b) Avoid configuring HSDN cells in the neighbour cell list of the normal cells, and avoid configuring normal cells in the neighbour cell list of the HSDN cells. Such implementation can avoid the low mobility state UE from reselect to the HSDN cells. But at the same time, it will cause out of service or interruption due to the temporary unavailability of the coverage of HSDN cells or normal cells for the UE;

c) Handover based on UE speed estimation of Doppler frequency shifting. This solution means whenever a UE perform random access to the network, network will decide whether to handover the UE to HSDN cell or normal cell based on the estimated speed. Firstly, this will cause lots of singalling overhead. Secondly, when a high mobility state UE access to a normal cell, the UE is moving so fast and will left the cell before network accurately estimate the UE speed. 
As analysed above, the above 3 implementation solutions are not suitable to solve the issue for both LTE and NR. In LTE Release 15, 3GPP specified a HSDN solution in TS 36.331 and TS 36.304 [1-2]. The key points are listed as follows.
Observation 2: Implementation solutions are not suitable to solve the HSDN issue.

LTE HSDN solutions

For mobility state estimation
cellEquivalentSize in SIB3: indicate the number of cell count used for mobility state estimation for the HSDN cell.
For IDLE mode UE, Mobility State Estimation (MSE) is specified in both LTE and NR spec to evaluate UE mobility state, by counting the number of cell reselections at a certain period. But MSE becomes ineffective in case of concatenated cells scenario. As illustrated in figure 1, several RRUs are concatenated in line and work as only one single cell to reduce the handover and signalling overhead. In real network, typically 8~12 RRUs are concatenated. In such case, although UE has travelled a quite long distance in a certain period (i.e. high mobility UEs), the UE may probably only change very few concatenated cells, which leads the Mobility State Estimation (MSE) less effective or even helpless in either cell reselection or handover process. Therefore, cellEquivalentSize was introduced to LTE to indicate the number of cell reselection count used for mobility state estimation for HSDN cell.
For mobility state based cell reselection

hsdn-cell in LTE SIB1: indicates this is a HSDN cell.

intraFreqNeighHSDN-CellList in LTE SIB4: List of intra-frequency neighbouring HSDN cells.
interFreqNeighHSDN-CellList in LTE SIB5: List of inter-frequency neighouring HSDN cells.

UE behaviour 
The following UE reselection priorities handling rules are specified in TS 36.304 chapter 5.2.4.1
When the HSDN capable UE is in High-mobility state, the UE shall always consider the HSDN cells to be the highest priority (i.e. higher than any other network configured priorities). When the HSDN capable UE is not in High-mobility state, the UE shall always consider HSDN cells to be the lowest priority (i.e. lower than network configured priorities).
With such network signalling and UE behaviour specified, the UE can consider HSDN cell as highest priority or lowest priority according to UE mobility state. 
Observation 3: LTE has specified the network signalling and UE behaviour to support mobility state based cell reselection to support HSDN scenario.

Reuse LTE HSDN to NR

NR HSDN has been deployed with the same purpose as LTE to provide better service and coverage for UEs on the high speed train. And NR HSDN is facing the same issue as LTE. Unfortunately, such kind of support for HSDN has not been introduced to NR spec. We observed that, the deployed NR HSDN cells are always occupied by low mobility state UEs. 
Observation 4: NR HSDN has been deployed and is facing the same issue as LTE.

Therefore, NR HSDN encounters the same issues as that in LTE, which can be solved by introducing the mobility-state-based cell reselection priority handling. The principle of mobility-state-based cell reselection is that UEs in different mobility state should camp on corresponding cells which are optimized for the specific mobility state UEs. To achieve this in NR, the following three components are needed, same as LTE.
1) HSDN cell indication and neighbour cell list

To ensure that the UE know whether a cell conforms to its current mobility state, a broadcasted 1-bit indication is needed to indicate whether a cell is a HSDN cell or not. The same mechanism as LTE that HSDN cell indication “hsdn-Cell” in LTE SIB1 can be reused.
One may argue that NR HighSpeedConfig-r16 can be used for the same purpose, which was introduced by RAN4 HST WI to support enhanced measurement and demodulation for high-speed railway UEs. But the main difference between RAN4 specified HST and HSDN indication is that, the HighSpeedConfig-r16 is to be broadcast by all the cells near the railway, including both high speed dedicated cells and normal cells, in order to trigger the UE to apply the enhanced measurement and demodulation. One more thing is that, in LTE HST and HSDN are separate features and cleanly specified respectively. Therefore, they are serving the different motivation and used in different manners. So, we propose to reuse the same rule as LTE, and introduce one indication to show whether the serving cell is a HSDN cell or not.
Proposal 1: Introduce 1 bit indication in SIB1 to indicate the NR HSDN cell, same as LTE.
To further help the UE camp on a proper cell according to its current mobility state, neighbouring HSDN cell lists can be broadcasted as well. For intra-frequency and inter-frequency reselection, the LTE mechanism (i.e. “intraFreqNeighHSDN-CellList-r15” in LTE SIB4 and “interFreqNeighHSDN-CellList-r15” in LTE SIB5) can be reused. Considering the possibility of “NR HSDN + LTE normal network” or “LTE HSDN + NR normal network” deployment, the inter-RAT case should also be included as well for better NR/LTE alignment.

Proposal 2: HSDN neighbouring cell list with PCI(s) can be provided in SIB for intra-frequency, inter-frequency, and inter-RAT cell reselection, same as LTE.
2) UE MSE
The LTE MSE mechanism has been introduced into NR as a baseline, i.e., the UE can estimate its mobility state via counting the number of cell reselections during time period. 
The deployment of HSDN is same as LTE, i.e., 8~12 NR RRUs are concatenated as one single cell, in order to reduce the handover and signalling overhead caused by high mobility of the UE. But the RRC concatenation makes the tranditional MSE less effective, since although UE has travelled a quite long distance in a certain period (i.e., high mobility UEs), the UE may probably only change very few concatenated cells. Therefore, we propose to reuse the LTE cellEquivalentSize into NR SIB2, i.e., each cell can indicate the number of cell reselection count used for mobility state estimation for HSDN cell.
Proposal 3: the number of equivalent cells can be indicated for MSE in SIB2, same as LTE.
3) Mobility-state-based cell camping

When the UE has the knowledge of HSDN or normal cell and its own mobility state, mobility-state-based cell camping can be performed. The UE treats the cells that match its current mobility state as highest priority cells, and thereafter the UE performs 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. To align with LTE operation, mobility-state-based priority is set to be ahead of the legacy frequency-based priority as well.

Proposal 4: When the HSDN capable UE is in High-mobility state, the UE shall always consider the HSDN cells to be the highest priority (i.e. higher than any other network configured priorities), same as LTE.
Proposal 5: When the HSDN capable UE is not in High-mobility state, the UE shall always consider HSDN cells to be the lowest priority (i.e. lower than network configured priorities), same as LTE.
The corresponding draft CRs are provided. And RAN2 is kindly asked to endorse the draft CRs. Since the Rel-17 specifications haven’t been approved, the draft CRs are based on v16.5.0.
Proposal 6: RAN2 is kindly asked to endorse the draft CRs to 38.331 [3] and 38.304 [4]
3 Conclusions
In this contribution we discuss introduction of mobility-state-based cell reselection priority handling into NR. Here are the observations:
Observation 1: The main requirement for HSDN scenario is that, high mobility state UE should prior to reselect to HSDN cell, while low mobility state UE should prior to reselect to normal cell.
Observation 2: Implementation solutions are not suitable to solve the HSDN issue.

Observation 3: LTE has specified the network signalling and UE behaviour to support mobility state based cell reselection to support HSDN scenario.

Observation 4: NR HSDN has been deployed and is facing the same issue as LTE.

Based on the observations, we provide the following proposals:
Proposal 1: Introduce 1 bit indication in SIB1 to indicate the NR HSDN cell, same as LTE.
Proposal 2: HSDN neighbouring cell list with PCI(s) can be provided in SIB for intra-frequency, inter-frequency, and inter-RAT cell reselection, same as LTE.
Proposal 3: the number of equivalent cells can be indicated for MSE in SIB2, same as LTE.
Proposal 4: When the HSDN capable UE is in High-mobility state, the UE shall always consider the HSDN cells to be the highest priority (i.e., higher than any other network configured priorities), same as LTE.
Proposal 5: When the HSDN capable UE is not in High-mobility state, the UE shall always consider HSDN cells to be the lowest priority (i.e., lower than network configured priorities), same as LTE.

Proposal 6: RAN2 is kindly asked to endorse the draft CRs to 38.331 [3] and 38.304 [4]
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