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1 Introduction

In the WI: HetNet Mobility Enhancements for LTE approved in RAN plenary #58, one of the objectives have been set for small cell discovery [1]:

· 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. 
During the SI phase, small cell discovery has been discussed extensively and the focus of this effort was decided as: 

1. Inter-frequency small cell discovery should be mainly focused on.

2. For inter-frequency small cell detection evaluation we focus on a scenario where one (macro) frequency layer provides full coverage and where pico cells are provided on a second frequency layer for offloading purposes including means to improve perceived QoS in hot spot locations.
Many possible solutions have been introduced and captured in the TR document [2].

In this contribution, the objectives and the major scenarios of inter-frequency pico cell discovery in LTE HetNets are described, and the potential factors impacting UE power consumption and pico cell discovery efficiency are analyzed.  Finally, several possible network-assisted inter-frequency pico cell discovery solutions introduced in [6][7] are further discussed.
2 Discussion
2.1 Comparison of Pico Cells versus CSG Cells Discovery
In HetNets, tens of hundreds of public pico cells could be deployed with the overlaid macro cells. The pico cells could share the same carrier with the macro cell or use the different carriers. UE power consumption will be a big concern if the UEs have to exhaustively search for the pico cells when the pico cells’ carrier frequency different from that of the macro cells. Therefore, it is desireable to develop much more efficient method for UE to discover the pico cells in HetNets.

The existing CSG cell discovery scheme includes the autonomous search function (ASF) and proximity indication mechanism with the primary goal of reducing UE power consumption. ASF depends on UE implementation to decide when and where to search the CSG cells in the UE’s white list. A UE will store a white list of its associated CSGs. The radio and location information associated with the CSGs in the white list are also stored in the UE. Together with other UE dynamically measured/obtained information, the pre-stored information can be used by the UE to determine whether it is nearby a CSG in its white list and then triggering the ASF or sending proximity indication to the serving macro cell. 
The CSG cell discovery methods are based on that a UE is only associated with limited number of CSG cells. Therefore, the UE is able to memorize the information of all its associated CSG cells such as location information and radio fingerprints. For public pico cells however, it is not possible for a UE to store the information of all the pico cells. Therefore, we may not be able to simply reuse the CSG cell discovery methods for discovery of the public pico cells. 
On the other hand, pico cells are normally deployed only at the hot spots. Not all the macro cells are overlaid with the pico cells. Even if there are pico cells in a macro cell, most of the macro cell coverage area may not be also covered by pico cells. It is not necessary for UEs to search the pico cells when it is in a macro cell without any pico cell, or in a pico overlaid macro cell but far away from the pico cells. It is possible to find more efficient method for pico cell discovery other than the exhaustive search to minimize the UE power consumption.
Observation 1: it is desireable to minimize the pico cell searching activities for UE power saving especially when the macro/pico cells are on the different frequency carriers.

Observation 2: the existing CSG cell discovery method may not be simply used for pico cell discovery.

Observation 3: pico cells are not uniformly distributed. Exhaustive searching of pico cells is not necessary and wastes UE power. 

2.2 Capability of existing mechanism 
2.2.1 UEs in the RRC_IDLE mode 
When pico cells and macro cells use different carrier frequency, the priority based reselection could be used to guide the UEs searching and measuring the carrier frequency of the pico cells.  Similar to intra-freq case, Paging DRX and speed dependent scaling can be applied here as well. Snonintra,search can be used to reduce UE power consumption in certain cases such as  pico cells are located in the periphery of the macro cells [4].  However, all these mechanisms have their limitations. For example, for load balancing between the macro cell and its pico frequency layer and to save UE power, it is desireable for a UE to prioritise and search on the pico frequency only when the UE is in the proximity of a pico cell and redistribution of idle UEs are requested by the network.
2.2.2 UEs in the RRC_CONNECTED mode
When a UE is in RRC_CONNECTED mode, the existing measurement request mechanism could be used by the network to request when to search the pico cell. The knowledge of the UE location at the eNB is rough. As with Idle mode, S_measure and (connected mode) DRX could be used to balance measurements and power with faster pico discovery in certain scenarios.  

Unnecessary measurements and measurement reporting can be avoided (especially for inter-frequency case) if the network could request the UE to search the pico cell only when the UE is nearby (in the alert zone of ) the pico cell. 
Observation 4: The existing mechanisms for pico cell discovery still have limitations for further improving the performance when the UE is in either RRC_IDLE mode or RRC_CONNECTED mode.
2.3 Typical scenarios for inter-frequency pico cell discovery
Deployment of pico cells are generally for two different reasons: traffic offload or coverage hole filling. Therefore, there are two typical scenarios should be treated differently for inter-frequency pico cell discovery.

Scenario 1: To offload UEs from macro cell to pico cells

Most of the pico deployment is for the off-load purpose. Therefore, as described in [2], the study of inter-frequency small cell discovery will be more focused on the scenario where one macro frequency layer provides full coverage and overlaid pico cells are provided on a second frequency layer. For this scenario, the UE power consumption would be of the major concern. The impact of pico discovery delay would be secondary, mainly in terms of how much offloading opportunity and QoS benefit will be lost due to delayed detection of the small cell. 
Scenario 2: To ensure UE mobility robustness at the serving cell coverage edge
In order to enhance the coverage of the umbrella macro cell, some pico cells are deployed at the edge of the macro cell to fill the coverage hole(s). In this case, if the pico cells can not be discovered early enough, RLF and HOF will increased significantly. The other example is a UE moves out the pico coverage which also has relative higher delay requirement on the target cell measurement and HO process.   Therefore, another typical scenario for pico cell discovery is to guarantee the robustness of UE mobility, e.g. to reduce the RLF and HOF rate.
Observation 5: There are different requirements on the UE power consumption and delay for two different scenarios: offloading and cell edge mobility. 

During the SI phase, it was determined that scenario 1 should be more focused on.
2.4 Possible factors impacting the inter-frequency pico cell discovery
In the process of pico cell discovery, three elements are involved: the umbrella macro cell, the target pico cell(s)  and the UE. With the three elements, there are several potential factors which could be involved for improve the performance:

· From the perspective of umbrella macro cell, the load of the macro cell is an important factor to be considered in pico cell discovery especially for the scenario of traffic offloading. 

· From the perspective of target pico cells to be discovered, the following factors might be considered for improving the performance:
· The location of the pico cells
· The distribution/density of the pico cells
· The types of the pico cells (i.e. for capacity boosting or for coverage enhancement(depending on whether existing mechanism is good enough))
· The load of the target pico cells, especially for the scenario of traffic offloading
· GoS/QoS requirement
· From the perspective of triggering the UE  to perform pico cell discovery, the following factors might be considered for improving  the performance:
· The position of the UE
· The speed of the UE
· The trajectory of the UE
· The traffic of the UE
· The DRX configuration of the UE
· The measurement criteria of the UE

Considering the above listed factors could improve the performance of UE power consumption and the efficiency of inter-frequency pico cell discovery. The impacts of different factors are different for different scenarios. Therefore, the factors should be considered when we investigate inter-frequency pico cell discovery solutions for different scenarios. In the following section, we propose several solutions considering the impact of some important factors for different scenarios.

2.5 Network controlled pico discovery for different scenarios
According to the above analyses, additional guidance/control from the network is desired for inter-frequency pico cell discovery. we propose a network-assisted solution for inter-frequency pico cell discovery. The proposed solution is based on the assumption that pico cells are generally deployed in a planned fashion and the information regarding their location and density is available to the macro eNB. The macro eNB is also able to obtain a reasonable estimation of UE location. The impacts of involving some potential factors are analyzed as follows for different scenarios.
2.5.1 For Scenario 1 of offloading macro UEs to pico cells

For this scenario, the pico cell discovery is generally triggered by the event that the load of macro cell is higher than a predefined threshold. In our view, if the load of macro cell is low enough, it is unnecessary to offload the macro UEs to the inter-frequency pico cells.  More specifically for triggering the pico discovery process, the following factors should be considered.

A. Load information of the target pico cell

Since the objective of this scenario is to offload macro UEs to the target pico cells, the load of the target pico cells should be considered first. If the load of the target pico cell is too high to accept new traffic, it is unnecessary to be discovered by the macro UEs. For load balance purpose, the macro eNB can use its knowledge of the load of the pico cells proactively. The macro eNB will “instruct” the UEs whether to start the inter-frequency pico cell discovery and how often to perform the search based on its load knowledge. The instruction could be delivered to the UE via broadcast or unicast signalling. If a UE involves heavy communication traffic and the network know it is at the rough vicinity of pico cell(s), the network will instruct the UE to search the pico cell.
B. Density of the target pico cells

The impact of UE power consumption depends on how often and for how long time the UE performs inter-frequency measurements. Considering for off-load scenario the delay requirement is not critical. the density of the target cells to be discovered could be considered as a factor to determine the inter-frequency configuration. More specifically, if the macro eNB knows that the UE is approaching to an area with sparse pico cell deployment, it could configure the inter-frequency measurement gap sparsely. e.g. the pattern of 6ms gap every 80ms specified in [3] with more relaxed inter-freq measurement performance requirement. If the macro eNB knows that the UE is approaching to a hotspot with high pico cell density, it could configure the inter-frequency measurement gap densely, e.g. the pattern of 6ms gap every 40ms specified in [3].

C. Position of each UE

Since the location of each pico cell is available to the macro eNB, if the position of each UE is also available to the macro eNB, the macro eNB could judge whether a UE is approaching to a pico cell in advance and trigger the UE to perform pico cell discovery in time. 

D. Mobility state of each UE

Considering the factor that even if a suitable inter-frequency pico cell is discovered the high speed UE is likely to pass through its coverage so quickly that a handover to the pico cell would not be feasible or at least not beneficial for the service, it is better to steer away high speed UE from small cells since typically a fast moving UE would be best served by keeping it connected to the macro cell. This factor has been justifed by the current simulation results for the intra-frequency case [5]. Obviously, in addition for high speed UEs, inter-frequency measurements of pico cell may cause unnecessary power consumption. Therefore, it would make sense to avoid unnecessary inter-frequency measurements of pico cells for very high speed UEs, especially when the size of the target pico cell is small. 

In addition, in order to provide balance between UE power consumption and efficiency of pico cell discovery, for the medium or low speed UEs, they are allowed to switch to the pico cells. By having different performance requirements for inter-freq measurements, the measurement gap pattern for them could be configured by macro eNB based on the UE speed. For normal or medium speed UEs, the measurement gap could be configured sparsely (6ms every 80ms). While for the high speed UEs, the more frequent measurement period and gap could be configured  (6ms every 40ms).

2.5.2 For Scenario 2 of guaranteeing UE mobility robustness
For this scenario, the pico cells are generally deployed at the edge of the umbrella macro cell for coverage enhancement. Thus, the pico cell discovery is generally triggered by the serving cell measurement degradation or proximity information when a UE is moving to the proximity of a pico cell or a hotspot with multiple picos. In this case, more responsive inter-frequency measurements are necessary since suspending inter-frequency measurements by UEs even with high speed may cause RLF. If the UE position information and the target pico cell location are available to the macro eNB, the macro eNB will be able to configure inter-frequency measurement gap for the UE to perform pico cell discovery. 
In this scenario, even high speed UEs will have to switch to the pico cells. Speed dependent measurement pattern should apply.
Proposal 1: RAN2 is kindly suggested to consider using the network control to support inter-frequency pico cell discovery 

2.6 Pico proximity determination by UEs with NW assistance
In order to assist network to make right decisions, further reduce the signal overhead and save the UE power especially for the UEs in the RRC-IDLE mode, it would be useful if the UE is aware that it is in proximity of a pico cell. UE based methods to identify “proximity” to pico cells could also be considered. 
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Figure 1.  Proposed “Alert Zone” of different pico cells

Here we further introduce a more generic “small cell alert zone” which is larger than the normal coverage area of pico cell(s) as shown in Fig.1. There could be multiple alert zones under an umbrella macro cell. The umbrella macro cell broadcasts or unicasts the latitude and longitude range of the “alert zone” of the pico cells to the UEs. When UE knows it is moving into a small cell alert zone, it will start to search the small cell in the neighborhood. After the UE entering the alert zone, based on the measurement, the UE will send a small cell proximity to the eNB of the umbrella macro cell. This solution would be good for both CONNECTED and IDLE mode UEs. This solution requires good UE location estimation method at the UEs. If a UE don’t have the capability to estimate its location with low power consumption, the sub-optimum solution would be that the search of the small cells is started only after a UE enters the macro cell which is overlaid with the small cells. The indication of the presence of the pico cells overlaid with the macro cell should be delivered to the UE via broadcast or unicast signaling.

2.7 Pico proximity determination by UEs assisted by history information
Another possible UE based proximity determination is shown in Fig.2. When a UE approaches to Pico cell A, or Pico A is powered-on when the UE moves to its nearby area, the UE determines the proximity of the pico based on its prior knowledge such as the finger print of this pico cell. Similar to the discovery of the CSG cells, only a limited number of pico cells’ information could be stored in the UE. For those frequently visited pico cells such as home, office and coffee shops etc, a “yellow list” may be used to store their cell ID and associated finger print information, which is similar to the white list of CSG/hybrid cells. When the UE approaches to one of the frequently visited pico cells (e.g. Pico cell B in Fig.1), it will decide when and where to search the pico cells in its yellow list autonomously and sends proximity indication to the network when it is close enough to a pico cell.The network will pre-prepare and get the UE pre-prepared for handover to the pico cell. In this way, those frequently visited pico cells can be discovered much more efficiently with lower signaling overhead  and lower UE power consumption compared to the exhaustive pico cell discovery schemes. 
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Figure 2.  Illustration of UE based proximity determination for pico cell discovery 
Proposal 2: RAN2 is kindly suggested to consider the UE based pico cell proximity determination solutions based on network guidance or UE history information to assist efficient network decisions.
3 Conclusion

This contribution investigated the problem of small cell discovery which is an important issue of the new WI of HetNet mobility improvements for LTE. In this contribution, several pico cell discovery scenarios are discussed. In order to discover pico cells more efficiently and effectively with low UE power consumption and low signalling overhead, we discussed several possible enhancement schemes with examples. We have the following observations and proposals:
Observation 1: it is desired to minimize the pico cell searching activities for UE power saving especially when the macro/pico cells are on the different frequency carriers.

Observation 2: the existing CSG cell discovery method may not be simply used for pico cell discovery.

Observation 3: pico cells are not uniformly distributed. Exhaustive searching of pico cells is not necessary and wastes UE power. 

Observation 4: The existing mechanisms for pico cell discovery still have limitations for further improve the performance when the UE is in either RRC_IDLE mode or RRC_CONNECTED mode.
Observation 5: There are different requirements on the UE power consumption and delay for two different scenarios: offloading and cell edge mobility.

Proposal 1: RAN2 is kindly suggested to consider using the network control to support inter-frequency pico cell discovery.
Proposal 2: RAN2 is kindly suggested to consider adopting the UE based pico cell proximity determination solutions with network assistance.
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