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1. Introduction
At RAN2#81 meeting, it was decided that RAN2 should consider the inter-frequency small cell discovery so as to decide soon whether or not we need to involve RAN4 in this meeting. In this contribution, we introduce our considerations on the way forward for small cell discovery and try to narrow down the candidate solutions that RAN2 is supposed to focus on at this stage.
2. Discussion
2.1. Categorization method
In this section, we firstly introduce our categorization method for small cell discovery candidate solutions which are recorded in [1], and then explain why the candidate solutions are assigned to the corresponding sub-category.

As shown in figure 1, on the first level the candidate solutions are divided into “Cat.1: Optimization Solutions” and “Cat.2: Essential Solutions”. Our understanding is that the solutions merely applicable to specific conditions belong to Cat.1 and the solutions applicable to general conditions are categorized into Cat.2, and meanwhile we propose RAN2 to assign low priority to Cat.1 and focus on the Cat.2 at this stage. In section 2.2 we try to identify the optimization solutions from the candidate solutions and detailed explanations are given then.
On the second level, the solutions under Cat.2 are subdivided into “Cat.2A: Solutions with impact to other RAN groups” and “Cat.2B: Solutions without impact to other RAN groups”. To save unnecessary RAN2 workload, we propose to request the affected RAN groups to verify the feasibility of the solutions categorized into Cat.2A and not to discuss them before feedback is received from the affected RAN groups. For solutions categorized into Cat.2B, further analyses are presented in section 2.4.

[image: image1.emf]Small Cell Discovery 

Candidate Solutions 

Categorization

Cat. 1: Optimization 

Solutions

(Solution X, X, X)

Cat. 2: Essential Solutions

(Solution X, X, X)

Cat. 2A: Solutions with impact to 

other RAN groups (Solution X, X, X)

Cat. 2B: Solutions without impact to 

other RAN grooups (Solution X, X, X)


Figure 1: Small cell discovery candidate solutions categorization
Proposal 1: We propose RAN2 to assign low priority to optimization solutions for discussion at this stage.  

2.2. Identification of optimization solutions
As mentioned in section 2.1, the candidate solutions applicable to specific conditions are regarded as optimization solutions, and accordingly we categorize solution 4, 9, 10 into Cat.1 for the following reasons. 
Solution4 is merely applicable to the UEs with CA capability, and meanwhile the performance of massive non-CA capable UEs is not promoted, and therefore we regard solution 4 as an optimization. 
Solution 9 is aiming at reducing the power consumption of the high speed UE, while the low/medium speed UE could not benefit from this solution and moreover the low/medium speed UE takes higher proportion than the high speed UEs in the network, so we categorize solution 9 into optimization solutions. 
Solution10 is merely applicable to the UEs camping on Pico cells, and meanwhile massive UE camping on macro cells could not benefit from this solution, and therefore solution 10 is also categorized into optimization solutions.
Proposal 2: We propose RAN2 to take solutions 4/9/10 as optimization solutions for they are merely applicable to specific conditions.

2.3. Identification of solutions with impact to other RAN groups
Due to our concern for the time constraint of Rel-12, we identify the solutions with impact to other RAN groups and propose RAN2 to request feedback from the affected RAN groups.
Solution1 involves the work to introduce a new measurement gap pattern, which is also called the “background inter-frequency measurement gap pattern” in [2] and it would require RAN4 to define new measurement performance requirements for background inter-frequency measurement for small cell discovery.
Solution3 suggests that side conditions for measurements, such as SCH_RP, SCH Ês/Iot, RSRP and RSRQ Ês/Iot could be relaxed for small cell measurements, and it would also require RAN4 to define new relaxed measurement performance requirements for small cell discovery.

Solution6 suggests that the autonomous search function (ASF) which is originally designed for CSG cell discovery is reused for small cell discovery. In Rel-9 the autonomous search function is targeting the CSG cell discovery ahead of inbound handover to the CSG cell and the measurement requirements with autonomous gap are defined by RAN4 in [3] accordingly. If ASF is extended to be used for small cell discovery, it would require RAN4 to re-evaluate whether the present measurement requirements with autonomous gap are still appropriate.
In solution7, pico cells discover that a macro UE is nearby if uplink signal from the UE is detected. Similar methods are also being discussed to address the issue of UL interference to small cell in the work item Carrier-based HetNet ICIC for LTE lead by RAN3, who sent LS [4] containing detailed solutions to RAN1 asking RAN1 to evaluate whether they are technically feasible but the LS is not handled by RAN1 by now. 
Moreover, solutions 1/3/6/7 fulfil all the 4 evaluation criteria listed in [1] and therefore our proposal is as follows.
Proposal 3: We propose RAN2 to send LS to the affected RAN groups to solicit them to verify the feasibility of solutions 1/3/6/7.
2.4. Analysis of solutions without impact to other RAN groups
In this section, we try to narrow down the candidate solutions without impact to other RAN groups. 4 evaluation criteria which are regarded as mandatory from our understanding are recorded in section 6.2 of [1], and according to evaluation results table in section 6.5 of [1], solution 2 and solution 8 could not completely fulfil all the evaluation criteria in some conditions. We will make further analysis on them to identify potential issues.
Solution2 reuses legacy control channels (PSS, SSS, and System Information) on the macro layer at the location of inter-frequency small cell. On the one hand, it could help connected UE detect the proximity of inter-frequency small cell. But on the other hand, the “coverage hole” effect could not be avoided in case legacy UEs  move too close to the small cell and the discovery signals become too strong to allow a connection with the macro cell, while the legacy UEs do not support the small cell layer frequency. Therefore, we propose to exclude solution2 from the candidate solution list.
Solution8 is a typical network-assisted UE-based proximity detection solution, which could regard as an enhancement of UE-based proximity detection. With respect to UE behavior, a key difference between solution 6 and solution 8 is whether the performance requirement of initial small cell discovery needs standardization (e.g. the time limit of initial small cell discovery). Our understanding is that the performance requirement of initial small cell discovery stage will not be standardized for solution8, which is completely left to UE implementation, and consequently the effectiveness of this solution could not be guaranteed if the UE behavior is not tangibly defined. Therefore, we propose to exclude solution8 from the candidate solution list.
Solution5 is a typical network-based proximity detection solution, which relies on the smart eNB implementation with multiple alternatives to detect proximity as explained in [5], and it could fulfil all the 4 evaluation criteria listed in [1], and therefore we propose to retain solution 5 as the candidate solution.
Proposal 4: We propose RAN2 to excluded solution 2 and solution 8 from candidate solution list for they can not completely fulfil the 4 evaluation criteria.
3. Conclusion
In this contribution we have presented our considerations on the way forward for small cell discovery and make the following proposals.
Proposal 1: We propose RAN2 to assign low priority to optimization solutions for discussion at this stage.  

Proposal 2: We propose RAN2 to take solutions 4/9/10 as optimization solutions for they are merely applicable to specific conditions.

Proposal 3: We propose RAN2 to send LS to the affected RAN groups to solicit them to verify the feasibility of solutions 1/3/6/7.

Proposal 4: We propose RAN2 to exclude solution 2 and solution 8 from candidate solution list for they can not completely fulfil the 4 evaluation criteria.
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