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Introduction
It has been discussing HSDN (High Speed Dedicated Network) specific cell reselection procedure in TEI15. However HSDN cell is separately deployed on the legacy public network, so it would be difficult to cover over the existing high speed railway, especially in urban area.
Discussion
In urban area, there are many small cells overlapped with the macro cell coverage for the capacity improvements. Typically these small cells would be configured with a higher frequency priority by NW, so the UE consequently prioritizes to reselect the small cell than the macro cell. However, when the UE in high mobility state, it is preferred to select the macro cell rather than the small cell for a less number of cell reselection/handover.
It can be resolved by deploying HSDN cells alongside with the high speed railway. However, considering the existing cell deployments, it would be difficult to introduce HSDN cells quickly in some areas (e.g. no antenna space, interference managements with neighbor operators, etc.).
Observation 1:	In some areas, it would be difficult to introduce HSDN cells quickly.
Observation 2:	If there are no HSDN cells, it is preferred to reselect a macro cell when the UE is in high mobility state.

As the HSDN cell can be prioritized by the UE in high mobility state, if the macro cell (i.e. normal cell in public network) would broadcast an HSDN indicator set to TRUE, it is possible the UE in high mobility state prioritizes the macro cell than the small cells regardless of frequency priority. But when the UE is not in high mobility state, this macro cell is deprioritized and it may cause load balancing issue shown in Figure 1. Assuming one more layer (e.g. micro cells in Fig.1), the UEs not in high mobility state will reselect the micro cells or the small cells because the macro cell is deprioritized.
It is obviously not good operation in terms of cell load balancing, therefore it is necessary to stay the UE on the macro cells even in the middle/low mobility state.
Observation 3:	A macro cell with an HSDN indicator may cause load balancing issue.
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Figure.1 – example of load balancing issue
One simple solution is to introduce a new cell where the UE prioritizes the cell when is in high mobility state, but does not deprioritize the cell (i.e. use legacy cell reselection procedure) when is in middle/low mobility state. Hereinafter, we call this new cell as “hybrid-HSDN cell”.
Table 1 summarises the UE behaviours for HSDN cell and hybrid-HSDN cell. To distinguish between HSDN cell and hybrid-HSDN cell, one new bit is needed in SIB1. The new bit is set to TRUE only when the HSDN indicator is broadcasted in SIB1.
Table.1 – UE behaviours for HSDN cell and hybrid-HSDN cell
	
	HSDN capable UE behavior

	
	High mobility state
	Middle/Low mobility state

	Legacy cell
· HSDN indicator = N/A
· New bit = N/A
	Not changed
	Not changed

	HSDN cell
· HSDN indicator = TRUE
· New bit = N/A
	Higher priority
	Lowest priority

	Hybrid-HSDN cell
· HSDN indicator = TRUE
· New bit = TRUE
	Higher priority
	Not changed

	Invalid configuration
· HSDN indicator = N/A
· New bit = TRUE
	N/A
	N/A



The hybrid-HSDN cell can reuse the current cell deployments without load balancing issue, and it would reduce a number of cell reselection/handover for the UE in high mobility state. So we propose:
Proposal 1:	Introduce a hybrid-HSDN cell, where the UE in high mobility state gives a higher priority during the cell reselection but the legacy cell reselection procedure is applied when the UE is in middle/low mobility state.
Proposal 2:	Add one new bit in SIB1 to distinguish between HSDN cell and hybrid-HSDN cell.

Other aspects
Mobility state estimation criteria
The HSDN cell may broadcast “cellEquivalentSize” for counting cell reselection. As this parameter is optional, it would be left to eNB implementation how to use it and there is no additional UE behaviour from the UE perspective.

HSDN neighbor cell list
An HSDN neighbor cell list may be broadcasted in SIB4/SIB5. Because the UE in high mobility state prioritizes both HSDN and hybrid-HSDN cells, the UE behavior is the same when the UE receives the list from the eNB. While the UE capable of HSDN is not in high mobility state, the UE behavior depends on whether the cell is HSDN or hybrid-HSDN. So it would be necessary to distinguish them without direct SIB1 checking to reduce UE power consumption.
Proposal 3:	Indicate whether hybrid-HSDN cell or not in the HSDN neighbour cell list in SIB4/5.

Conclusion
This paper discuss applicability of HSDN cell concept in a public network.
We would like to propose:
Proposal 1:	Introduce a hybrid-HSDN cell, where the UE in high mobility state gives a higher priority during the cell reselection but the legacy cell reselection procedure is applied when the UE is in middle/low mobility state.
Proposal 2:	Add one new bit in SIB1 to distinguish between HSDN cell and hybrid-HSDN cell.
Proposal 3:	Indicate whether hybrid-HSDN cell or not in the HSDN neighbour cell list in SIB4/5.
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