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1 Introduction

At RAN2#77 meeting, the topic of small cell detection was discussed extensively especially for the inter-frequency scenario, and the following descriptions were agreed accordingly [1]:

1. 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.

2. We should investigate whether the same findings apply also to detection of candidate SCells on the second frequency layer
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 are introduced and discussed considering the impacts of some important factors for different scenarios.
2 Discussion
2.1 Objectives of inter-frequency pico cell discovery
In HetNets, tens of thousands 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 especially when the pico cells using the carrier frequency different from that of the macro cells. Therefore the objectives of inter-frequency pico cell discovery   is to efficiently discover the pico cells while minimize the UE power consumption. .
2.2 Typical scenarios for inter-frequency pico cell discovery
Deployment of pico cells are generally for two different reasons: traffic offload or coverage hole avoidance. 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 [1], 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 avoid the coverage hole(s). In this case, if the pico cells can not be discovered early, 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 OH 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.
Proposal 1: When studying the pico cell discovery RAN2 is kindly suggested to consider the difference on the UE power consumption requirement and delay requirement in two different scenarios: offloading and cell edge mobility. 
2.3 Potential factors impacting the performance of 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  to perform pico cell discovery. For the three elements involved in pico cell discovery, there are several potential factors which could be involved for improve the performance. These factors are listed as follows:

· 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 potentially:

· 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

· From the perspective of triggering the UE  to perform pico cell discovery, the following factors might be considered for improving  the performance potentially:

· 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

The above listed factors could  at different degrees impact 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, some important 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.
3 Proposed network assisted solutions for inter-frequency pico cell discovery
3.1 General goals 
In order to provide a good balance between the UE battery life performance and the inter-frequency pico cell discovery, there are two basic requirements for inter-frequency pico cell discovery:
1. Avoid un-necessarily frequent search and discovery of inter-frequency pico cells to improve the UE battery life performance
2. Discover the necessary pico cells with acceptable delay for offloading UE or for reducing RLF/HOF rate

These two general goals are based on the philosophy that whether to perform pico cell discovery is highly depending on the factor whether the UE will be handed over to the target pico cell(s). If the UE will not be handed over to the target pico cell(s), it is unnecessary to perform inter-frequency measurements for pico cell discovery.
3.2 Proposed solutions for different scenarios
Considering the abovementioned potential factors and basic requirements, the existing UE-based solutions are insufficient for pico cell discovery. The s-Measure criterion based on serving RSRP is insufficient to discover the pico cells near the macro eNB. Moreover, the RSRP+RSRQ based solution is insufficient to discover the inter-frequency pico cells without measuring the pico frequency.
According to the above analyses, certain assistant information from the network is critical 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 impacts of involving some potential factors are analyzed as follows for different scenarios.

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 load of the pico cells will be polled periodically by the umbrella macro eNB via X2. Here, the load information of the target pico cell will be used preactively. 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. 
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 [2]. 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 [2].

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 preactively and trigger the UE to perform pico cell discovery in time. Here, the position of each UE can be obtained by either network-based positioning solutions or by the report from each UE which is estimated using UE-based positioning solutions.

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 serice, 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 testified by the current simulation results for the intra-frequency case[3]. 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.

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 event that a UE is moving to the proximity of a pico cell or a hotspot with multiple picos based on the serving cell measurement degradation or proximity information. 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 addition, in order to provide balance between UE power consumption and efficiency of pico cell discovery, the measurement gap pattern 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).
Based on the analysis above, in most cases the network has the advantage to know a lot of information such as pico loading and location as well as the UE position and speed. Therefore, the network based solutions would be more efficient than certain UE assisted methods. It is worth noting that the proposed network-based solution is not conflict with some existing UE-based solutions such as the s-Measure criterion based solution for intra-frequency pico cell discovery. 
Proposal 2: RAN2 is kindly suggested to be more focused on the network assisted inter-frequency pico cell discovery solutions based on the network knowledge. 
3.3  Discussion on detection of candidate SCells on the second frequency layer
The detection of candidate SCells on the second frequency layer in CA scenario was raised in RAN2 #77 and discussed in [5]. The basic difference between the non-CA  scenario and CA scenario in HetNet  is that CA in HetNet eliminates the need of macro/pico inter-frequency HOs. Solutions adopted for HetNet inter-frequency discovery will most certainly also benefit  Scell detection.  It is not clear if any additional methods are needed for the CA case.  Therefore, the detection of candidate SCells on the second frequency layer appears not a major issue on mobility in HetNet and we would like to be more focused on the non-CA case.
Proposal 3: The detection of candidate SCells on the second frequency layer appears not a major issue beyond mobility in HetNet and the solutions for inter-frequency pico Scell discovery are sufficient for this use case.
4 Conclusion

Based on the analyses in this contribution, we have the following proposals:
Proposal 1: When studying the pico cell discovery RAN2 is kindly suggested to consider the difference on the UE power consumption requirement and delay requirement in two different scenarios: offloading and cell edge mobility.

Proposal 2: RAN2 is kindly suggested to be more focused on the network assisted inter-frequency pico cell discovery solutions based on the network knowledge.
Proposal 3: The detection of candidate SCells on the second frequency layer appears not a major issue beyond mobility in HetNet and the solutions for inter-frequency pico Scell discovery are sufficient for this use case.
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