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1 Background
In RAN2#83 the following agreement was made in the context of mobility enhancements for small cells:

Agreement:

For the solution options to speed based mobility, it is proposed that all the solution options could be further discussed/analysed in the WI phase.

According to the objective of the WID [1], the work shall consider enhanced mobility support of Heterogeneous Networks for co-channel and dedicated frequency deployments. The work should focus on the aspects or problems already studied as part of the “Study on UMTS Heterogeneous Networks”. 

The detailed objectives of this work item are:

· Consider solutions for small cell discovery and identification.  Focus should be on proximity detection (UE based, NW based, UE based NW assisted) and the relaxed inter-frequency measurements for UE in Non DCH state (RAN2, RAN3, RAN4)

· Consider solutions to improve mobility for UEs with high speed. (RAN2, RAN4)
· Consider solutions to support mobility function for massive small cell deployments focusing on extended NCL list. (RAN2,RAN3, RAN4)
Consider further mobility enhancements (e.g. intra-frequency event triggered reporting on the secondary carrier). (RAN2, RAN4)
2 Discussion
In this contribution, aspects of the high mobility UEs in Heterogeneous Networks are further discussed.

With the introduction of Heterogeneous Networks the mobility performance needs to be improved for UEs moving at high speeds to ensure the handover and cell selection performance. The detection of UE speed in CELL_DCH state can be determined by the network based on the number of handovers or the frequencies of the active set changes, which is an implementation dependent solution without specification changes. In non CELL_DCH state, the UE speed can be estimated based on the number of cell section and reselection but this method is not accurate enough especially when UE is fast moving in heterogeneous networks.
2.1 Comparison of different solutions
The four solutions to overcome mobility performance degradation, caused by high speed UEs, were discussed in UMTS RAN2 [2]. The four solutions are re-described as below.
1. Solution to more signaling messages 

To keep the Macro cell always in the active set will reduce the handover procedures for the UE travelling across the Macro cell.

2. Solution based on UE speed knowledge

In CELL DCH state, the NCL could be allocated dynamically based on UE speed in order to utilize the NCL in best way. 

3. Solutions to avoid handover or reselection to small cells without using speed estimation. 

In CELL_DCH and non DCH state it is possible to configure measurements settings in order that different settings are applied for macro and LPNs separately.
4. Additional cell information per cell in NCL in CELL_DCH

Some information elements can be added in the NCL.
In this contribution, the four solutions described in [2] are further compared and analyzed in terms of different aspects. The legacy impact analyses are also summarized in the table below
	Solution
	Power Consumption
	Performance
	Specification impact 
	Complexity
	Impact node 
	Legacy UE impact (pre-R12)

	1)
	Should be no additional power consumption.
	Potential benefits could be expected, but if the benefits apply to low speed or high speed UEs depends on the detailed mechanism.
	May or may not have spec impact pending on the detailed mechanism, e.g., if a cell type indication is needed in the radio interface.
	Low.
	UE and RNC.
	Applicable for legacy UEs

	2)
	Should be no additional power consumption.
	Performance depends on the implementation.
	No spec impact.
	Complexity depends on the implementation.
	UE and RNC.
	Applicable for legacy UEs

	3)
	Should be no additional power consumption.
	It is believed that the number of HO could be reduced.
	Big impact on RAN2
	In general, low.
	UE and RNC
	Not applicable for legacy UEs

	4)
	Should be no additional power consumption.
	Could bring better mobility performance.
	Big impact on RAN2
	In general higher complexity is introduced.
	UE and RNC.
	Not applicable for legacy UEs


 Observations:

a. Solution 1 can be considered by the network implementation. The specification changes due to solution 1 shall be avoided

b. Solution 2 is applicable for legacy UEs. By optimising the configuration of the NCL in CELL_DCH, the mobility performance can be improved by allowing the UE to avoid handover to the LPNs when it is in a high mobility state.

c. Solution 3 and solution 4 shall be down-prioritized, since they require big specification changes in RAN2, not applicable for legacy UEs. 

Even though solution 1 above saves some additional signalling it is still preferable to avoid re-selection to a small cell for a high speed UE as discussed in [3].When the UE performs intra- and/or inter-frequency measurements and detects a new possible target cell, the UE does not know if this cell is a small cell or not. In case it is indicated in the neighbour cell information in system information that relaxed inter-frequency measurements are applicable for that cell, then a high speed UE could avoid the re-selection to such cell. 
Proposal 1: In CELL_DCH the network can dynamically configure NCL based on UE’s speed, i.e., exclude LPNs for UEs with high speed.

The NW can estimate the mobility state of the UE in non CELL_DCH states based on the UL signaling, or some less accurate method like the statistics of the frequency of cell reselection, active set changes and other available information, and takes actions to not re-select to small cells when high mobility is detected.
Proposal 2: In non DCH state when REL-12 UE is in high mobility state, the UE shall not re-select to a cell in intra- and inter-frequency neighbour information if relaxed inter-frequency measurements are indicated for that cell.
3 Summary

RAN2 is kindly requested to discuss and agree on the following proposal:
Proposal 1: In CELL_DCH the network can dynamically configure NCL based on UE’s speed, i.e., exclude LPNs for UEs with high speed.

Proposal 2: In non DCH state when REL-12 UE is in high mobility state, the UE shall not re-select to a cell in intra- and inter-frequency neighbour information if relaxed inter-frequency measurements are indicated for that cell.
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