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1
Introduction
Small cells, also known as Low Power Nodes (LPNs) are deployed to satisfy targeted coverage requirements particularly in indoor and urban scenarios where macro falls short of meeting the growing data rate demands. One option for LPNs deployment in the network is the usage of different carrier in LPN cells than in the Macro cell. This lead to the problems related to LPN cell discovery. This contribution provides some proposals for LPN cell discovery in inter-frequency HetNet deployment.
2
LPN Discovery in HetNet Environment

Inter-Frequency (IF) measurements in today’s networks are optimized for macro-only, homogeneous networks. These measurements result in Inter-Frequency handover (IFHO) which a lossless Hard Handover for non-real time services but in case of real time traffic, it causes a short radio bearer disconnection. Being, a network evaluated handover, RNC orders the UE to perform IF measurements on need basis. Inter-frequency measurement is also triggered when UE is coverage problem on serving frequency. Once the HHO decision takes place, RNC reallocates resources from the source to the target carrier, establishes a new radio link and orders the UE to perform IFHO.
Typically, most UEs today only support one carrier at a given time with the capability to switch between multiple carriers. For single carrier UE case, in order to measure a second frequency, a UE must temporarily terminate its primary carrier transmission followed by IF measurements and then switch back to its previous state. In order to enable a lossless IF measurement process, a UE must operate in Compressed Mode (CM) at L1. In CM, data rate is momentarily boosted before and after an idle period at the serving frequency in which the UE performs IFMs. In HetNet deployment with LPNs on dedicated carrier CM process should be triggered many times in order UE could find LPN cell. Though, the CM process itself is lossless, it will increase signalling, drains the UE battery and on a system level CM could contribute to an overall noise rise when is triggered significant number of times. Therefore it is crucial that CM is only ordered when necessary.

Homogeneous networks typically have overlapping coverage provided by multiple carriers as shown in Figure 1.
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Figure 1: Dual Carrier Macro Deployment

Such deployment implies that roughly all UEs have equal access to both carriers in terms of coverage and IFHO can essentially be triggered for any UE. In a coverage limited case, a UE experiencing poor propagation conditions performs such measurement if there is no suitable cell available at primary carrier.

However, in HetNets, we do not have the luxury of overlapping dual carrier coverage zones. As one of the motivations of deploying small cell is to boost the capacity, availablity of an alternative carrier gives the freedom to the operator of deploying the small cell anywhere within the coverage area of macro without worrying about the interference issues as long as the carriers are orthogonal. This combined with the limited coverage of small cell implies that not all the UEs lie in the coverage area of the LPN. Therefore triggering Inter-Frequecny Measurement for all UEs is a sub optimal solution both in terms of increases noise rise in the cell and the UE battery drain. It is important to intelligently select only a smaller subset UE which would most ideally be located close to the small cell. 
Location based services, first introduced in Release 4 can provide a viable solution to optimize small cell discovery. The following sections shall describe two such methods to narrow down the possible candidate UEs for CM and IFHO.
3
Round Trip Time Measurement
RTT gives an estimate of the distance between NodeB and UE based on the time it requires for a signal to travel from BS to MS and back. This method of obtaining propagation delay to compute distance is only applicable to Cell_DCH state. In case of a single sector cell, RTT corresponds to a full circle around the basestation. However, as typically basestations have multiple sectors, an RTT measurement already narrows down to a semi-circle or an arc as shown in Figure 2.
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Figure 2: RTT Location
The accuracy requirement for RTT according to 3GPP TS 25.331 is +/- 0.5 chips (130.2 ns), which equals approximately 20 m when signal travel back and forth (40 m one way). The actual accuracy depends strongly on the particular propagation conditions and the strength of the LOS component. The more reference points exist for measurement the better for location point of view. 
4
LPN cell discovery using Location Based Services 
Although RTT does not provide an extremely accurate measurement of the UE location, it may be noted that a typical LPN may have a coverage radius of about 100 meters making short listing of candidate UEs based on RTT an attractive option. 
Let us consider the scenario presented in the following figure where the IF-LPN only supports F2 while the macro may be single or multi-carrier capable (Figure 3).
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Figure 3: Single Carrier LPN

When there is a need to trigger an IFHO motivated by offloading UEs to a different carrier, CM can be triggered for UEs which report the similar RTT as the one stored in RNC corresponding to an LPN with known location. CM, due to its overhead should only be turned on when a need has been established. A need can be established either if the signal from the current serving cell has dropped AND/OR there is a need to offload UE to a different carrier (load balancing). RTT can help us locate UE on a certain arc as shown in the Figure 4 with a certain level of accuracy (typically +20m to 
-20m for LOS).  The RTT arc however is not accurate enough since it may cover a large area depending on how close the UE is to the macro as shown in the Figure 4.
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Figure 4: Inaccuracy of RTT arc

UE localization using RTT can however be refined by using the knowledge of Active Set. If a UE is in a soft handover zone between two cells or sectors, the combined knowledge of individual RTT values can narrow down the RTT to an intersection zone. If the LPN is located in the similar vicinity, this could form a good basis for trigger IF measurements in the nearby UEs. For a typical hexagonal grid, simulation studies have shown that about 30% of users are located in soft or softer HO region for 3dB HO Margin and increase to 45% for 6dB HO margin. Depending on which cells are in UE’s SHO zone, the larger macro cell can be divided into several zones. In each of these zones, a UE will have different cells in its Active Set. In this example, RNC can request RTT from all the members in UE’s active set to localize UE (existing feature).  Once RTT matches the RTT of known LPN location (already stored in the database), CM can be triggered. Even the knowledge about presence of UE in a SHO zone would be sufficient considering that RTT is only requested from the serving cell (Figure 5). 
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Figure 5 UE Localization using RTT and Macro cell Active Set information for Soft and Softer HO UEs

The similar reason can be extended to co-channel LPNs deployed nearby since they also constitute a soft handover zone between macro UE and co-channel LPN. A IF-LPN nearby can take advantage of such localization as described earlier. This scenario is elaborated in the following Figure 6.
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Figure 6 UE Localization using RTT and Macro and LPN Active Set information for Soft and Softer HO UEs

In case if only serving cell is present in the active set, the probable geographic area where a UE can be potentially located widens by a significant amount. Soft and Softer Handover zones can be safely excluded since the UE has only one cell in its active set. Figure 7 illustrates this case.
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Figure 7 UE localization for non-HO zone UEs

Proposal 1: Discuss the possibility of using Location Based Services for efficient small cell discovery
4
LPN cell discovery enhancement with LPN UL measurement on non-serving frequency 

Let’s assume scenario that LPN is two carriers capable but only one carrier is used as in Figure 8 where F2 is operating carrier in LPN. F1 carrier is not serving UEs but could be used for UL measurement, so receiver on F1 is only operating (Figure 8). 
As we have already discussed, the inherent tradeoffs when using CM in the form of increasing signalling, UE battery and increased noise rise comes at a cost; the possibility to use the receiver of the unused carrier in the LPN can provide a better alternative when possible.
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Figure 8 Multi-Carrier Macro+LPN

In this method, RTT can be used as described earlier. However instead of triggering CM in the UE, the F1 carrier receiver of the LPN can be ‘tuned’ to measure signal or SINR of the nearby UEs. These nearby candidate UEs can be shortlisted based on RTT measurements. In order to carry out such measurements LPN should be programmed with Macro UE information important for detection and measurement of this UE. Once this information is available at the LPN, the LPN uses its F1 carrier receiver to monitor and compare the signal or SINR of the chosen UE against a pre-defined threshold. Upon meeting the threshold criteria, the UE is further ordered to initiate periodic IF measurements (CM) leading eventually to IFHO. 
Proposal 2: Discuss the potential of enhancing small cell discovery process with LPN UL measurement on not-serving frequency
6 Conclusions
This contribution highlights some of the issues related to small cell discovery in inter-frequency scenarios and proposes two solutions. Following proposals should form a basis for the discussion:

Proposal 1: Discuss the possibility of using Location Based Services for efficient small cell discovery

Proposal 2: Discuss the potential of enhancing small cell discovery process with LPN UL measurement on not-serving frequency
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