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1 Introduction

One of the main objectives of the “HetNet mobility improvements for LTE” study item is [1]:


 - Identify and evaluate strategies for improved small cell discovery/identification   [3]

 REF _Ref319141657 \r \h 
[4].

Several proposals were put forward in the previous RAN 2 meeting addressing this issue ([2] - [5]). In [2], we have shown how existing mechanisms for performing and reporting measurements (such as S-measure, A2 event triggering, etc…) could be employed for enhanced small cell detection in HetNets by considering other factors such as cell load, UE traffic volume and small cell deployment density. In [3] and [4] simulation results were presented that showed that great savings in UE power consumption can be achieved with intelligent configurations. These configurations include longer inter-frequency gap patterns than the currently specified ones and adopting a proximity indication scheme for any small cells that is similar to that is currently specified for CSG cells. In [5], the use of discovery signals by the picos on the carrier frequency of the macros was proposed to facilitate efficient small cell discovery.
In this contribution, we discuss the feasibility of proximity detection for any small cell discovery and propose the use of a network-based proximity detection procedure for open small cells, as UE-based procedures are only appropriate on closed small cells (CSGs).
2 Discussion

The use of proximity indication was introduced in Release 9 to facilitate the inbound mobility of UEs from macros to (CSG or hybrid) HeNBs [6]. A UE can use autonomous search function (ASF) to determine when it is near a CSG or hybrid cell whose CSG ID is in the UE’s CSG whitelist, and it may send the serving eNB a proximity indication report. The proximity indication may be used as follows [6]:
-
If a measurement configuration is not present for the concerned frequency/RAT, the source eNB may configure the UE to perform measurements and reporting for the concerned frequency/RAT.

-
The source eNB may determine whether to perform other actions related to handover to HNB/HeNBs based on having received a proximity indication (for example, the source eNB may not configure the UE to acquire system information of the HNB/HeNB unless it has received a proximity indication).

How the ASF is performed is left to UE implementation, but a straightforward implementation could be location based if the UE supports that functionality. For example, the UE can store its coordinates when it connects to a CSG cell for the first time (or even in IDLE mode, when the user manually selects the CSG cell for camping), and whenever its current location is close to the stored location, the UE can send a proximity indication to the serving eNB, notifying it that it is near a CSG cell. If the UE does not have the capability to determine its location, then the fingerprinting of the CSG cell could be made based on some kind of signal strength map of the neighbouring macro eNBs when the UE first connects to the CSG cell.
It should be noted that the first time the UE connects to the CSG cell is a special case, as no proximity detection can be used at that time since the finger printing has not be done. The initial fingerprint could be as simple as the UE noticing that it can hear other cells with PCIs X, Y and Z when it connects to the CSG. However, this can be valid for quite a large area. A more accurate neighbours’ signal based fingerprint can be made if the UE is able to update the map while it is connected to the CSG cell or when it is handed over from/to it. That is, the more information the UE has about the neighbours and their signal strength ranges when it is connected to the CSG cell, the more accurate the proximity detection area. 
Using proximity detection is advantageous both in inter-frequency and intra-frequency deployment scenarios. In the case of inter-frequency deployment, the UEs will be enabled to measure on the carrier frequency of the CSG cells only when they are in the vicinity of a CSG cell that they have access to. When an eNB receives the proximity indication, it can enable the UE to start performing measurements on the CSG’s carrier frequency. 

In the case of intra-frequency deployment, the UEs can be configured to have the PCIs of all CSG cells in their measurement black list at the beginning (i.e. no measurement to be performed on those PCIs). When an eNB receives the proximity indication, it can reconfigure the UE to remove the CSG PCIs from the black list and start measuring on those PCIs. This prevents the UE from unnecessary measurement monitoring and measurement reporting of CSG cells to which it might find out later that it has no membership (as the UE has to read the CSG ID that is broadcasted in the SI of the CSG cell to find that out, and the UE might need a considerable idle time to read the CSG cell’s SI).  

A UE is expected to have a very limited number of CSG or hybrid cells to which it has membership. For example, these will be CSG cells deployed at home, at the office, regular coffee shop, etc. Thus, making the UE perform ASF for these cells is quite desirable. However, in the case of picos or open HeNBs (referred to as open access small cells for the rest of this paper), there can be quite a lot of cells (hundreds, in the case of dense deployment) that are relevant to the UE. It can be quite demanding for the UE, both from processing power and memory point of view, to make fingerprints (location based, neighbour signal strength based, etc.) for all these cells and try to match them continuously. On top of that, if the cells are deployed in intra-frequency fashion, there will be no performance penalty on the UE like in the case of CSG cells because the UE can be handed over to them if the signal quality from these cells qualifies the handover requirements (i.e. the measurements will not be in vain).  

Proposal 1 The use of UE ASF and associated proximity indication is appropriate only for CSG cells.

In the case of inter-frequency deployments, as shown in [3] and [4], care should be taken not to make the UE waste too much energy on unnecessary inter-frequency measurements. The optimizations we proposed in [2], where adaptive S-measure and A2 trigger thresholds that depend on factors such as cell load, UE traffic volume and small cell deployment density can help to some extent. Additionally, the main drawbacks of UE based proximity detection for open access small cells mentioned above can be overcome if the detection is performed by the network rather than the UE. Like in the case of UE ASF, the proximity detection by the network can be left to implementation, and several alternatives for doing this are available.
A very simple implementation could be for the macro eNB to make a rough fingerprint based on all the neighbours of the inter-frequency open small cell (which it can get during X2 setup or reconfiguration with the small cell). When the measurement report of a UE contains all the neighbours of a certain inter-frequency open access small cell, the macro eNB can deduce that it is in the vicinity of the small cell. However, this is not very accurate as the area where it is valid could be quite large and/or a UE might not hear all the neighbours of the small cell at once even though it is inside the coverage area of the small cell. A more accurate implementation could be for the macro eNBs to make fingerprints of their inter-frequency open access small cell (picos or open HeNB) neighbours from the normal handover measurement reports of the UEs they are handing over to the small cells or that are being handed over from the small cells. 
Network-based proximity detection for inter-frequency open small cells has several advantages over performing the proximity detection by the UEs:

a.
The fingerprints will be more accurate than those made by a single UE as the eNB can gather several measurement reports from different UEs to make a proper fingerprint
b.
When an open inter-frequency small cell is detected by the network, the UE can be configured immediately to measure on the small cell’s frequency, while in the case of UE based detection, a proximity indication report has to be sent from the UE first

c.
UEs will not spend energy on proximity detection, which can be considerable for dense small cell deployment. 

d.
Current standards will not be affected (i.e. UE ASF and proximity indication reporting will be kept as is for CSG cells, and the proximity detection of the open access small cells will be left to eNB implementation)

Proposal 2 We propose the use of a network based proximity detection to be employed in the case of open access small cells (picos and open access HeNBs). The actual details of the proximity detection mechanism are left to network/eNB implementation. 
3 Conclusion

In this contribution, we have discussed the issue of small cell discovery in HetNets, especially concerning inter-frequency, open access small cells. Based on the discussion in section 2 we propose the following:

Proposal 1
The use of UE ASF and associated proximity indication is appropriate only for CSG cells.
Proposal 2
We propose the use of a network based proximity detection to be employed in the case of open access small cells (picos and open access HeNBs). The actual details of the proximity detection mechanism are left to network/eNB implementation.
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