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Discussion and Decision
1 Introduction 
HetNet mobility improvement for LTE was approved as a new R-11 SI [1] at last RAN plenary. One objective of the SI is to improve small cell discovery/identification. Several tdocs [2]

 REF _Ref299529593 \r \h 
[3]

 REF _Ref299529594 \r \h 
[4]

 REF _Ref299529596 \r \h 
[5]were submitted to discuss this topic in last two RAN2 meetings. 

In this tdoc, based on prior papers, our understandings and consideration on small cell discovery/identification scenarios and directions of possible enhancements are represented.
2 Scenarios
‘Small cell’ definition is not clearly stated in [1], and types of small cells should be clarified at the beginning of the SI. According to 36.814, heterogeneous deployments consist of deployments where low power nodes are placed throughout a macro-cell layout. Four types of low power nodes are defined there: RRH, Pico, HeNB and Relay. To our understanding, all low power nodes could be categorized as small cell.
The next question is whether RAN2 should treat ‘small cells’, i.e. low power nodes, as four different cases. They have different characterize and configurations for simulation purpose. For the simplicity in analysis, we think it’s better to consider two types of small cells based on deployment point of view i.e. coordinated small cell and uncoordinated small cell. In our understanding, deployment types with different relationships to macro layer could affect the method to improvement.
Proposal1: small cells could be differentiated into coordinated type and uncoordinated type in analysis.
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Figure 1a-Measurement rule for UE in CONNECTed mode   Figure 1b-measurement rule for UE in IDLE
[2] represented a problem in hetnet in which UE may delay measurement report of small cells due to serving cell in good radio condition i.e. RSRPserving>S-meas. Both measurement reports for inter-frequency and intra-frequency small cells may be delayed in this case. In similar manner, the delayed measurement may also happen in IDLE for intra-frequency if Srxlev>SIntraSearchP and Squal>SIntraSearchQ and for equal or lower prioritized inter-frequencies if Srxlev>SnonIntraSearchP and Squal>SnonIntraSearchQ. Comparing with CONNECT, this battery save mechanism are not mandory in IDLE, however we think most UE will probably follow this rule to minimize power consumption in homogeneous network. 
Proposal2: delayed small cells discovery should be investigated in both intra-frequency and inter-frequency, for UE in both CONNECT and IDLE modes.
3 Enhancements
Based on above description, it is not hard to find the root of delayed discovery on small cells when serving cell in good radio condition is the battery save mechanism. The battery save mechanism works well in homogeneous network. Because every macro cell provides similar QoS, UE doesn’t need to find another macro cell if current serving cell is good. Obviously, this rule is not suitable in hetnet. 
Always on measurement of small cell regardless serving cell could speed up cell discovery, but battery life will be dymatically shortened. UE power consumption should be carefully considered as well as small cell discovery performance. Similar compromisehappened during the discussion of measurement performance of CSG and Scell, as the following two directions:
1) make measurement with restricted performance. e.g. relaxed measurement performance on scell

2) make measurement within restricted geographical area. e.g. start cell discovery/identify with the proximity of footprint
3.1 measurement with restricted performance
In this method, thanks to awareness of coordinate small cell, eNB could configure several small cells to UE and allow UE to search small cells regardless the condition of serving macro cell. Similar to measurement on scell, a ‘fake’ DRX configuration could be used to relax measurement performance on small cell which could save UE battery life. Limited number of small cells on a few frequencies (e.g only one frequency) is assumed. Re-using the scell mechanism, impact and standard efforts could be minimized. However RAN4 should be invited to evaluate the performance requirement and ‘fake’ DRX configuration if this direction is choosed. Further more, it may be not beneficial for uncoordinated small cell.
3.2 measurement within restricted geographical area
Another method is performing small cell discovery only within certain geographical area to optimize battery usage. In [2], enhancement based on autonomous search function (ASF) for CSG is proposed, and applicable cells of ASF could be extended to all small cells and standardizing the trigger of reporting of proximity indication may be considered. The extension of applicable cells means UE not only store and update the footprint of its own CSG cells but also all other small cells including all RRH, Pico and Relay which may be a big burden on UE. For initial small cell access, manual small research has to be performed as for CSG which may be not a good user experience. Further more full-UE based method means one more PCI split for RRH/Pico/Relay should notify to UE in advance. However it may result in more job in network planning/re-planning and sometimes may be impossible for macro’s deployment due to scarcity of PCI.
Comparing with this full UE based ‘hot spot’ detection, assistance from macro to alleviate the burden of UE could be considered. Due to the fact of coordinated small cells, neighbouring relationship is established between macro and small cells. Macro cell knows how many small cells are deployed around it and who are they, further more macro may have some knowledge on where are they. Those information may help UE a lot to find the small cell within macro’s coverage. For example, macro could notify UE a small cell list which includes frequencies, PCIs and corresponding location information for neighour small cells. With certain location method, UE can estimate its own location and find the small cell in proximity based on the location information of small cell. However new procedure may be introduced in e.g. LCS for this purpose and uncoordinated small cells can not be benefited either.
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Figure 2a-Full UE-based hot spot detection



Figure 2b-NW-assisted hot spot detection

3.3 Summary

Methods used to achieve enhancement of small cell discovery and UE battery are discussed above. Pros and cons are summarized below. RAN2 are kindly asked to discuss it and probably choose one as the way forward of small cell discovery enhancements.
	Possible Solutions
	Pros
	Cons

	restricted performance
	limited RAN2 stardard efforts
	extra works on RAN4 

	within restricted geographical area(full UE-based)
	reuse most of CSG ASF, limited RAN2 stardard efforts
	introduce extra burden on UE and may not user friendly.

	within restricted geographical area(NW-Assisted)
	most optimized.
	some RAN2 stardard efforts are expected


Proposal3: RAN2 are kindly asked to discuss and probably choose on direction as the way forward of small cell discovery enhancements.
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