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1 Introduction

At RAN Plenary #58 a new WI was approved targeting improvement on HetNet mobility [1].  One of the topics within the scope of the work item is:

· Improved small cell discovery/identification that minimises battery consumption without significant impact on small cell offloading potential.  While not excluding intra-frequency, focus should be on inter-frequency small cell discovery. 

In the corresponding Study Item during Release 11, several solutions have been put forward to optimize inter-frequency small cell detection, and summarized in the TR [2]. Four criteria that are to be used to compare the different proposals are also agreed upon in the TR, namely:

Criterion 1: UE power consumption for inter-frequency small cell measurements in Hetnet deployments should be minimised.

Criterion 2: Any interruptions on the serving cell(s) due to inter-frequency small cell measurements should be minimised.
Criterion 3: Inter-frequency mobility performance should not be degraded by measuring inter-frequency small cells.
Criterion 4: Mobility performance of legacy UEs should not be degraded to improve inter-frequency small cell detection by Rel-11 UEs.
One of the proposed solutions was a network based solution where the network makes a fingerprint of the small cell and activates inter-frequency measurement configurations when it detects that the UE is in the vicinity of the small cell [3]. In this contribution, we elaborate further on this solution, and discuss considerations to make the solution practical.
2 Network based proximity detection
The use of proximity indication was introduced in Release 9 to facilitate the inbound mobility of UEs from macros to (CSG or hybrid) HeNBs[4]. A UE can use autonomous search function (ASF) to determine when it is near a CSG or hybrid cell with CSG IDs in the UE’s CSG whitelist, and it may send the serving eNB a proximity indication report. If the proximity indication was referring to another frequency than the frequency of the serving eNB, the UE may then be configured to perform measurements and reporting for the concerned frequency. How the ASF is performed is left to UE implementation, but a straightforward implementation could be location based if the UE supports that functionality. Otherwise, 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.

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).  

This main drawback (that ASF does not scale with the number of cells) of this UE based proximity detection for open access small cells mentioned above can be overcome if the fingerprinting is performed by the network rather than the UE. Like in the case of UE ASF, the details of the proximity detection 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 the UE 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 receive 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 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.  

The fingerprints made by the network will be more accurate than those made by a single UE as the eNBs can gather several measurement reports from different UEs to make a proper fingerprint. Also, UEs will not spend energy on proximity detection, which can be considerable for dense small cell deployments. Additionally, sometimes some cells might be switched off to save energy. The UE has no knowledge of this and thus might not detect an inter-frequency small cell because it cannot detect the signal from a turned off macro eNB that is part of the fingerprint it has made. The UE might also end up checking in vain its measurements with the fingerprint of a pico cell that is currently turned off. The network, on the other hand, has knowledge about the inactivity of neighbour macro and pico cells and can adjust the fingerprint and/or fingerprint matching not to consider inactive cells.
Compared to the other proposed solutions captured in the TR, the network based fingerprinting satisfies all the four comparison criteria and the main open issue with the solution was how accurate the network based fingerprinting can be and whether the required amount of measurement report is excessive.

There are two major ways in which network based fingerprinting can be used (as shown in Figure 1):

-
Option 1 (Network based proximity detection): The fingerprint of the inter-frequency small cell is known by the network only. The network compares the intra-frequency measurements that it is getting from the UE and compares it to detect if the UE is in the vicinity of the inter-frequency small cell. When proximity is detected, UE is sent inter-frequency measurement configurations.

-
Option 2 (Network assisted proximity detection): The fingerprints of the inter-frequency small cells are known by the UE as well. The eNB configures the UE with the fingerprint of the relevant inter-frequency small cells, and the UE uses them to compare to the intra-frequency cells that it can hear. When proximity is estimated, UE sends a proximity estimation report to the eNB and the eNB performs the proximity detection and configures the UE for inter-frequency measurements and reporting.

Option 1 requires no standard changes and even legacy UEs can benefit from it. However, it relies on the fact that up to date intra-frequency measurement reports are available. Option 2 on the other hand doesn’t require frequent reporting from the UEs, but it requires standardization changes as the fingerprints have to be communicated to the UE. Also, in case of very dense deployments, several fingerprints might have to be communicated to the UE, and that can create demand on the UE’s processing power and memory.
The up to date measurement reports required for option 1 can be guaranteed by configuring the UEs for periodic intra-frequency measurement. The overhead of such periodic measurement reporting can be reduced by making it to be conditional on the cell load as well as the UE’s contribution towards that load. For example, if the cell is becoming overloaded, it can configure the UE’s that are contributing the most towards the load for periodic reporting. Since these users are already transmitting lots of traffic, the measurement reports can be piggybacked to the data they are sending without too much overhead. Also, offloading these users towards the inter-frequency small cell layer will benefit a lot from load balancing perspective. Apart from the load, the density of the inter-frequency pico cells (which can be retrieved either from OAM configurations or via dynamic SON neighbor discovery), as well as their current loads (which can be retrieved from standard X2 load status exchange between neighbors) can also be considered when setting these periodic inter-frequency measurements.
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	a) Option 1: Network based proximity detection
	b) Option 2: Network assisted proximity detection


Figure 1: Network based/network assisted proximity detection
With regard to option 2, the fingerprints can be communicated using enhanced measurement configurations. For example, a fingerprint can be as simple as listing the PCIs of the intra-frequency neighbor cells that the UE is expected to measure in the vicinity of the inter-frequency small cells. The UE, upon estimating proximity based on this simplified fingerprint, sends a proximity indication report. The UE can include the measurement report that triggered the proximity estimation so that the network can perform the proximity detection using a more detailed fingerprint that it has. Alternatively, the fully detailed fingerprint (e.g. PCIs along with associated signal level threshold for each intra-frequency cell) can be communicated to the UE. The fingerprints could also contain location information if the network and UE support this.
The overhead of option 2 can be reduced by using the same techniques as option 1 (i.e. configuring only certain UEs with fingerprint information by considering overall cell load, the UE’s load contribution, the density of small cells and the current load of the small cells). As an example, if the eNB knows that a certain inter-frequency small cell is already loaded, then it can refrain from communicating the fingerprint of this cell towards its UEs.

Other intermediate options are also possible to realize or benefit from network based fingerprinting. For example, the UE might still stick with using ASF for inter-frequency small cell detection, and send the proximity indication report along with the measurement report that triggered the detection. The network can then configure inter-frequency measurement reporting to the UE only when the measurement report included in the proximity indication matches the fingerprint available at the network.
Network based/network assisted detection of inter-frequency small cells have several advantages over UE based proximity detection and they fulfill the four agreed upon comparison criteria. Additionally, the possible overhead can be overcome by several techniques discussed above. Although both options fulfill the comparison criteria, option 2 puts more complexity in the UE than option 1. It also requires standardization of the fingerprint. Therefore our preference is with option 1. Considering this, we propose: 
Proposal 1 RAN2 is kindly asked to choose network based proximity detection, option 1, as a way forward for inter-frequency small cell detection

3 Conclusion

In this contribution, we have discussed inter-frequency small cell detection and how network based or network assisted proximity detection can be used to realize that. Network based/network assisted detection of inter-frequency small cells have several advantages over UE based proximity detection and they fulfill the four agreed upon comparison criteria. Additionally, the possible overhead can be overcome by several techniques discussed above. Although both options fulfill the comparison criteria, option 2 puts more complexity in the UE than option 1. It also requires standardization of the fingerprint. Therefore our preference is with option 1. Considering this, we propose: 

Proposal 1
RAN2 is kindly asked to choose network based proximity detection, option 1, as a way forward for inter-frequency small cell detection
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