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1. Introduction
In this contribution, we consider the effectiveness of the current idle mode and connected mode mobility procedures for intra-frequency mobility towards small cells and make some proposals to improve the performance. 
2. Intra-Frequency Idle Mode Mobility 
The intra-frequency idle mode mobility procedure is based on the best cell selection principle. The UE ranks detected neighbour cells according to their measured RSRP levels with the serving cell being biased with  Qhyst value and the neighbour cells biased with cell specific offset values if broadcast by the serving cell [1]. The cells considered for reselection should at least fulfil the cell selection suitability criteria in terms of RSRP level. Moreover, the UE may choose to ignore CSG cells to which it is not allowed based on the broadcast PCI. The UE will reselect to the best ranked cell if it remains so for a time TReselection and has been on the current cell for more than 1 second.

Treselection and Qhyst control the mobility of UEs across cells and determine how fast UE camps on the new best ranked cell. The parameters are usually configured assuming normal mobility by UEs in a cell e.g. up to 30 Km/hr. At higher speeds, those reselection parameters might unnecessarily delay the reselection to a new cell leading to loss of coverage and possibly missed paging. In order speed up the reselection for fast moving UEs, the Treselection and Qhyst can be scaled down depending on whether the UE speed is ‘medium’ or ‘high’ [1]. The scaling to apply is broadcast by the current serving cell.
3. Intra-Frequency Idle Mode Mobility in a HetNet Environment

In a HetNet environment, we can broadly consider three types of cells on the same frequency layer: Macrocells, CSG cells and ‘Small’ cells. ‘Small’ cells include hybrid cells, open HeNB cells and pico cells. The mobility scenario of Macrocell to CSG cell will not be considered further in this contribution. 
We can thus consider the following mobility scenarios:

-Macrocell to Macrocell
For the Macrocell to Macrocell scenario, the cell reselection parameters (Treselection and Qhyst) can be adjusted based on the detected mobility state of the UE. If the serving cell broadcasts a neighbour cell list, UE can apply specific signalled offsets towards the respective detected cells. 

-Small cell to Macrocell

It is expected that the cell reselection parameters broadcast by a small cell will take its size into account e.g. smaller Treselection and Qhyst parameters so that UE can quickly reselect out of the cell. The scaling down of those cell reselection parameters when the UE mobility state is higher than normal is also a valid action so that UE can successfully reselect back to the macrocell without losing coverage.
-Smallcell to Smallcell

It is expected that the cell reselection parameters of the small cell will be set taking its size into account. The scaling down of the Treselection and Qhyst parameters due to increased UE mobility is still a valid UE action to improve the cell reselection success rate from the small cell. 

-Macrocell to Smallcell

It is expected that the cell reselection parameters of a Macrocell will be set considering normal mobility state of UEs and reselection to neighbouring Macrocells. Currently, there is no way for the UE to know that the cell it is reselecting towards is a small cell. This is because a small cell will share the same PCI space of a macrocell, unlike a CSG cell which uses a reserved set of PCIs so that a UE which has this set of reserved PCIs can determine that the cell it has detected is a CSG cell without having to read the system information. 
Let us consider the consequence of UE applying normal reselection rules towards such a small cell. The signal strength of a small cell can increase and decrease rapidly, unlike a macrocell as illustrated in Figure 1.
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Figure 1: Reselection towards Macrocell and Smallcell with Macrocell Reselection parameters.
If the Treselection is too high, then the UE may completely miss the small cell. Considering that the coverage provided by the small cell might only be transient, it might actually be more appropriate in this case for the UE not to reselect to that small cell. The consequence is that for a few seconds (Treselection), the UE might not receive paging from the macro due to the increased level of interference caused by the small cell.

It is  also expected that a UE moving at high speed should be discouraged from reselecting to a small cell as it will have to reselect out of it almost immediately. If the UE detects that it is in a ‘medium’ or ‘high’ mobility state, it will scale down the cell reselection parameters which would accelerate the reselection of the UE to the small cell. Such a UE action is counter to the need to slow down the reselection to a small cell. Thus, the UE might benefit from knowing whether the cell towards which it is reselecting is a small cell or Macrocell when deciding on whether to scale down the cell reselection parameters.
Observation 1: A UE will benefit from knowing that it is reselecting towards a small cell especially when it detects a higher than normal mobility state and it has to scale down the macrocell reselection parameters.

If a UE is reselecting towards a small cell and detects that its mobility state is higher than normal it should not scale down the cell reselection parameters. This will prevent a fast moving UE from unnecessarily reselecting to a small cell.
If a UE is reselecting towards a small cell and it is in normal mobility state, it can be argued that scaling up the cell reselection parameters might be beneficial. However, the consequence would be that UE might be in the small cell coverage but unable to receive paging from the macrocell due to the increased interference from the small cell. Hence, it might be better in this case to not scale up the cell reselection parameters. 

One way for UE to detect that a cell is a small cell (without having to read the system information), is to have a reserved set of PCIs for small cells (similar to the reserved set for CSG cells) and for the network to broadcast that reserved PCI range to the UE. UE can thus apply the correct reselection rules depending on whether it is reselecting towards a Macrocell or a Smallcell. 

Proposal 1: It should be possible for the network (macrocell)  to signal a set of reserved  PCIs for small cells  so that UEs are aware of whether a target cell is a Small cell or Macrocell. 

Proposal 2: A UE reselecting towards a Small cell should not apply the scaling down of cell reselection parameters when it detects that its mobility state is higher than ‘normal’.

4. Intra-frequency Connected Mode Mobility towards Small Cells

In connected mode, UE makes measurements of neighbouring cells on the intra-frequency layer and reports the detected PCIs to the source eNB. The measurement report triggering is controlled by a Time to Trigger (TTT) parameter which is sent by dedicated signalling to the UE [2]. The same TTT applies to macrocells and small cells. The UE will scale the TTT according to its detected mobility state (based on the number of previous handovers in a given time).
One scenario of interest is where the UE is moving from a macrocell towards a small unplanned open cell e.g. UE moving into a café where the macro coverage is extended with a small cell coverage which is not planned by the operator. 
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Figure 2: Handover towards a small cell
According to the current mobility procedure, UE makes intra-frequency measurements and detects the small cell PCI. If the criteria for triggering the measurement report e.g. event A3 are met for a certain time (Time to Trigger), a measurement report is triggered by the UE to the source macro eNB. If the reported cell PCI is not known by the network, it may initiate an ‘SI acquisition’ procedure to obtain the target cell routing information. 
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Figure 3: Extra delay for Handover Preparation for Handover to a small cell.
The extra delay is made up of the following components:

1) eNB Processing + RRC signalling of SI acquisition instruction + UE processing  (4ms+1ms+15ms)
2) UE acquisition of system information (up to 150 ms) [2] 
3) UE processing +RRC signalling of SI measurement report +eNB processing (15+1+4 ms)
4) Setup of X1/S2 interface relation (~30ms)

Thus the extra delay for the handover preparation can be up to 200ms.  If the time to trigger is set to a high value, it is likely that the handover performance would degrade due to the increased handover preparation time.
Proposal 3: RAN2 should investigate the degradation in performance for handover to small cells due to increased handover preparation time for the scenario where a UE is moving towards a small unplanned cell. 

If there is a noticeable degradation in performance, RAN2 should investigate mechanisms to make the handover performance to small cells as good as that to macrocells. One obvious improvement is for the UE to identify that a target cell is a small unplanned cell and reduce the TTT based on this information.
Proposal 4: RAN2 should investigate the gain in handover performance with UE reducing its TTT when it detects that the target cell is a small unplanned cell. 

5. Conclusions
In this contribution, Vodafone highlights the effectiveness of current idle mode and connected mode mobility procedures towards small cells in a HetNet environment and makes the following observation:

Observation 1: A UE will benefit from knowing that it is reselecting towards a small cell especially when it detects a higher than normal mobility state and it has to scale down the macrocell reselection parameters.

In order to improve the idle mode mobility performance towards small cells, the following proposals are made:

Proposal 1: It should be possible for the network (macrocell) to signal a set of reserved PCIs for small cells so that UEs are aware of whether a target cell is a Small cell or Macrocell. 

Proposal 2: A UE reselecting towards a Small cell should not apply the scaling down of cell reselection parameters when it detects that its mobility state is higher than ‘normal’.
For connected mode mobility, it is possible that the handover preparation can increase by as much as 200ms and this can degrade the handover performance. The following proposals are made: 
Proposal 3: RAN2 should investigate the degradation in performance for handover to small cells due to increased handover preparation time for the scenario where a UE is moving towards a small unplanned cell. 
Proposal 4: RAN2 should investigate the gain in handover performance with UE reducing its TTT when it detects that the target cell is a small unplanned cell. 

RAN2 is kindly requested to discuss the proposals in this contribution 
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