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1 Introduction

The WI of HetNet Mobility Enhancements for LTE had been approved at RAN plenary #58 meeting, one of the objectives had been set for small cell discovery [1]:
· Improved small cell discovery/identification that minimizes 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 RAN2#82 meeting, proximity detection related schemes were discussed for small cell discovery. An initial agreement was made:    

· RAN2 agrees that a solution should support discovery of not-yet-visited cells. Discovery behaviour of inter-frequency pico cells shall be predictable. 
The following email discussion [82#15] [2] is to continue the evaluation of solutions based on fingerprint or proximity detection for inter-frequency small cell discovery.
In this contribution, we make a progress in studying the solutions based on small cell listening and propose that PRACH and PUCCH can be used to discovery small cell. 
2 Discussion 
In this section, we further analyses these five solutions according to [2] firstly, then propose to use an existed signal for discovery small cell. 
Proximity detection related solutions of small cell discovery
According to RAN2#82 meeting and the email discussion [82#15] summery, proximity detection related solutions were approved initially, which can be classified mainly into two categories as UE based and network based, with variants of different focuses or optimizations[2]:
Class 1: UE based

Solution 1: With simple extension of proximity indication for CSG cell
Solution 2: Autonomous search function/Background scan with assistance information 
Class 2: network based

Solution 3: small cell discovery signal in macro layer
Solution 4: macro cell listening

Solution 5: Pico cell listening
In order to facilitate the compiling and comparison of these solutions, it is suggested to evaluate solutions’ advantages and disadvantages based on the following metrics: 

1) Effectiveness of small cell detection (e.g., for visited and not-yet-visited cells, detection accuracy, etc.),
2) Signaling overhead (over the air and cross X2),
3) Support of legacy UE
4) Impact on specifications.

Table 1 summarizes the advantages and disadvantages among these proximity detection related solutions.
Table 1 Comparison on small cell proximity detection
	
	Solution1
	Solution2
	Solution3
	Solution4
	Solution5

	Effectiveness of small cell detection
	Only for visited cells
	For both visited and not-yet-visited cells.
	For both visited and not-yet-visited cells.
	For both visited and not-yet visited cells, but accuracy may be not well 
	with high reliability and accuracy;


	Signalling overhead
	Low signal overhead
	Increased signalling overhead over air interface for fingerprint information related to small cells.
	Will generate intra-frequency interference

	Signalling overhead should be concerned 
	the air signalling overhead is low


	Support of legacy UE
	Not support legacy UE
	not support legacy UE
	Support legacy UE
	Support  legacy UE
	Support  legacy UE

	Impact on specifications
	Minimal impact on specifications.

	Some impact on 36.331; impact on 36.423 depends on whether the assistant information is provisioned through X2 or OAM.
	Small impact on specifications, but RF should consider
	Minimal impact on specifications.
	Only increase IE in X2 message


Observation: From above comparison, the solution 5 has a good balance of performance among these metrics.
Pico cell listening based on PRACH/PUCCH
According to the above analyses, Pico cell listening based proximity solution has a good composite performance. To further, we propose that PRACH/PUCCH can be used to perform Pico cell listening. 

· PUCCH
In view of many advantages for small cell listening based proximity alert solution, we will in detail state the process based on existed signal PUCCH. This method can be classified mainly into 6processes:

1) In connected mode, eNB firstly configures the parameters of a UE’s PUCCH, i.e.
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The details of parameter is following, 
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denotes the bandwidth in terms of resource blocks that are available for use by PUCCH formats 2/2a/2b transmission in each slot, 
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denotes the number of cyclic shift used for PUCCH formats 1/1a/1b in a resource block used for a mix of formats 1/1a/1b and 2/2a/2b, 
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denotes resources used for transmission of PUCCH formats 2/2a/2b;
2) At the same time, eNB transmitted these parameters to small cells that are deployed in eNB via X2 interface;
3) While UE transmitted PUCCH, small cell detects the PUCCH which is carried CQI bearing, then calculates the SINR about received CQI and compares it with a threshed value T;
4) If the current SINR is higher, i.e. there is a UE near the small cell, small cell transmitted C-RNTI corresponding the UE in PUCCH parameter to eNB; else SINR is low, it think current value is captured by noise and no UE is near small cell;
5) Finally when eNB received C-RNTI, eNB transmitted measurement configuration to the corresponding UE. And the UE starts measure process. 
Small cell always detects the CQI and calculates the SINR due to CQI is periodically transmitted on PUCCH. The implement process is as depicted in figure 1.
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· PRACH

PRACH is used to estimate TA between eNB and UE, and TA can be used to judge whether Macro UE is close to small cell. This method can be classified mainly into 5 processes:
1) Macro eNB transmits PRACH parameters to small cells via X2 interface when Macro cell and small cells set up. The time which is from the edge of small cell to the antenna of small cell can be captured.
2) In connected mode, UE transmits PRACH with different ordinary PRACH i.e. different preamble range, different subframe. 
3) Small cells detect this PRACH. If the TA that is estimated by a small cell can be comparable with the time which is from the edge of small cell to the antenna of small cell, UE can be considered near small cell. Then small cell transmits the indication information i.e. the detected preamble ID to Macro eNB via X2 interface. Otherwise the small cell does not transmit indication information.

4) If Macro eNB receives indication information, it transmits msg2 to Macro UE. If no msg2 is received within the RA Response window, the Macro UE shall delay the subsequent PRACH transmission.
5) If the Macro UE receives msg2, it sends msg3 which contains the Macro UE’s C-RNTI to Macro eNB. Next Macro eNB transmits measurement configuration to UE which is indicated by the C-RNTI. And the UE starts measure process. 
These processes can be described by the following chart.
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Proposal: RAN2 is kindly requested to consider using existed uplink signal such as PRACH and PUCCH as Pico cell listening methods in HetNet.
3 Conclusion

Based on the discussion in this paper we come to the following proposals: 
Proposal: RAN2 is kindly requested to consider using existed uplink signal such as PRACH and PUCCH as Pico cell listening methods in HetNet.
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