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1.
Introduction
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 objective of this email discussion is to continue the evaluation of solutions based on fingerprint or proximity detection for inter-frequency small cell discovery: 


[82#15][LTE/Het-Net] Small cell discovery (Huawei)

-     Compare proximity/fingerprint solutions for enhanced inter-frequency small cell discovery and discuss their advantages and challenges. 

=>  Intended outcome: Email discussion report [9]
Companies are invited to provide their input to this email discussion before the deadline of Thursday, 2013-08-01, 23:59 Pacific Time.
2.
Discussion
2.1 Classification of solutions
In general, fingerprint/proximity based small cell detection solutions [1] can be classified mainly into two categories as UE based and network based, with variants of different focuses or optimizations:
Class 1: UE based

Solution 1: With simple extension of proximity indication for CSG cell  [6] 
Solution 2: Autonomous search function/Background scan with assistance information [2][3][4][6][12][13] [15][16]
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Class 2: network based

Solution 3: small cell discovery signal in macro layer [5][14]
Solution 4: macro cell listening [6] [7] [10] [11]
Solution 5: pico cell listening [6]
Table 2.1-1, Solution description

	Solution
	Description

	1
	With simple extension of proximity indication for CSG cell
	Based on mobility history, or a directory of hotspots provided by higher layer applications ( UE detects the proximity ( UE reports the detection via e.g. proximity indication

	2
	Autonomous search function/Background scan with assistance information
	NW signals assistance information (e.g., geographic/radio fingerprint, small cell layer frequency, etc.)  ( UE detects the proximity to a small cell ( UE reports the detection via e.g. proximity indication

	3
	Small cell discovery signal in macro layer
	Small cell signals discovery signal on macro layer ( UE detects the discovery signal ( UE reports the detection via e.g. measurement report or proximity indication

	4
	Macro cell listening
	UE performs normal intra-frequency measurements and reporting ( Macro cell detects the proximity based on received measurement report and fingerprint

	5
	Small cell listening
	Macro cell informs small cell of UE`s uplink channel configuration ( Small cell detects UE’s uplink transmission by overhearing on the informed uplink channel ( Small cell reports the detection of the UE to macro cell


Discussion #1: Companies are invited to provide views on

· if the above categorization captures the main aspects of the solutions proposed so far for inter-frequency small cell discovery based on fingerprint/proximity detection?
· If there are other solutions to be added?
Table 2.1-2, Comments on solution categorization
	Company name
	

Comments

	Ericsson
	We think our reference [10] belongs in solution 4, together with [7]. The reason is that the fingerprint matching is done on the network side. The UE only sends measurement reports using existing technique.

	Huawei
	The UE can perform proximity detection based on mobility history, or a directory of hotspots provided by higher layer applications, or assistance information provided by the network. Even if assistance information is not provided by the network, proximityIndicationEUTRA can still be set to enabled, so that UE showing interest (i.e., with history of offloading through the small cells) can be accommodated when small cell offloading is not good to other UEs (e.g., when small cell is reaching the load limit).

	NSN/Nokia
	All the solutions described in Table 2.1-1 are only describing the proximity indication mechanism. It is not describing the complete small cell discovery solution. We assume that in all these solutions once the UE’s proximity to small cell is reported to the serving cell, the UE is configured with inter-frequency measurements for measurement on small cell carrier?
How is the solution 2 different from solution 1? Both depend on ASF and both require NW signalling of some information to the UE to help the UE do ASF. Also, we would recommend not to use the “background scan” term in the context of this email discussion since that term was extensively used for the solution where NW provides relaxed measurement gap configuration to UE. We understand that here it is referring to one way of performing ASF in which the UE does not use relaxed measurement gap configuration signalled by NW.
The multiple papers referenced for Solution 2 is a bit misleading as not all of them are explicitly proposing an ASF solution. Some papers have multiple proposal, some are only proposing proximity indication procedure enhancement some are proposing a specific aspect to be considered as part of small cell discovery but not a small cell discovery enhancement in its entirety. So this makes the description of solution 2 not an accurate generalization of all solutions described in all the referenced papers under solution 2.
Solution 3 (discovery signal) solution description does not seem to match the solution proposed in [5]. I thought the discovery signal is broadcast on the macro cell on the same frequency as the macro cell frequency and is viewed as a intra-frequency cell by the UE. Also, it is my understanding that discovery signal solution is being discussed in RAN1 as part of Rel-12 small cell enhancements – lower layer study item. So it should not be repeated both there and in this Rel-12 HetNet mobility enhancements work item.

	Samsung
	We disagree with NSN/Nokia that the term “background scan” is used for relaxed measurement requirements. (Please refer the LS sent to RAN4: R2-132239 in which the term “background scan” is not used). Further, in our contribution R2-121538 it is very clear what “background scan” means, so we prefer to stick to the terminology and its intended use.

	InterDigital
	The difference between solution 1 and 2 is on how the UE acquires the information (e.g. builds the database/fingerprint information ) used to detect proximity to a small cell.   In Solution 1, the UE autonomously constructs the fingerprint information based on UE implementation dependent algorithms (e.g. from history of previously visited cells/mobility, GPS, etc).  Solution 2, however, relies on the network  explicitly providing the fingerprint information or providing a proximity area to the UE, according to network deployments and network need to offload.  

We agree with NSN that the proposed Solution 2 category definition can seem a bit unclear. Additionally, the use of the term Autonomous Search Function may be misleading. As at least some of the solutions in this category rely on the network providing triggers and information for the search, the UE search behaviour may be controlled. 
Perhaps it will be simpler to re-classify Solution 2 as Proximity detection/Background scan with Network Assistance?

Regarding NNSN’s comment on Solution 3, the RAN1 study focuses on discovery signals transmitted from the small cells themselves, rather than from the macro cell frequency, which is the proposal of Solution 3.   So we think it is ok to discuss this as part of the HetNet study.  

	ZTE
	We wonder the difference between “ASF” and “background scan”. In our understanding, ASF has two functions. First, UE could use some idle period, e.g., DRX off duration to perform measurement. Secondly, UE can utilize the footprint information to trigger proximity indication. From Samsung paper, we see background scan has no difference from the measurement using idle period.

	Alcatel-Lucent/ASB
	The summarized solutions listed in Table 2.1-1 basically let network to make the decision based on the pico proximity information which could be either obtained by the network or reported by the UE. The difference is on how the proximity is determined, where the proximity is determined (NW or UE), and what information is used for proximity determination. 

Based on the majority of the proposals, probably we could first achieve a high level agreement that for UEs in RRC_CONNECTED mode, network will make the final decision on whether a UE to start pico discovery measurement. Then we could set additional criteria for further selecting the solutions.

Due to very limited network knowledge (such as cell loading, pico location…) at a UE, it is desired to let the network making the final decision on whether to start pico discovery measurement. However, it would be a plus if a solution could also assist idle UEs making autonomous reselections to start and stop inter-frequency measurements at the right time for power saving.

	Intel
	For the difference between solution 1 and solution 2, we agree with InterDigital that UE detects proximity to small cell based on autonomous information gathering without network assistance in solution 1, while network assistance is needed in solution 2.

	BlackBerry
	We agree with Inter Digital that solution 3 is different than what has been studied in RAN1 since this discovery signal is from macro cell instead of discovery signals transmitted by the small cells. In solution 2, we also agree with Inter Digital, the ASF (Autonomous Search Function) may be inaccurate name since it relies on the network providing triggers and information for the search 

	Kyocera
	We think the distinction between solutions 1& 2 are reasonably clear. Additionally we don’t think the background scan is the same as relaxed measurement requirement. 

	ITRI
	We think that solution 1 and solution 2 are very similar. 


2.2 Evaluation metrics
The evaluation in this email discussion should continue to focus on the following use case [1] of
“For inter-frequency small cell detection, the study should focus on the following use case where the UE does inter-frequency small cell measurements for a carrier that is expected to have non-uniform coverage (e.g. hotspot deployment) for offloading/load balancing purposes.”
and with the following objective [1] 
“ to optimize the data offloading potential (e.g. maximize the amount of data that is transmitted in pico cells rather than in macro cells; maximize the time a UE stays out of the macro cell).”
In order to have further evaluation beyond what has already been done [1] and to facilitate the compiling and comparison of companies’ inputs, 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) Signalling overhead (over the air and cross X2),
3) Support of legacy UE, and
4) Impact on specifications.
Discussion #2: Companies are invited to provide views on

· If the above metrics can be used in this email discussion to guide the evaluation and comparison of solutions based on fingerprint/proximity detection?
· If there are other metrics that companies prefer to be considered?
Table 2.2-1, Comments on the evaluation metrics
	Company name
	Comments

	Ericsson
	The metrics are adequate.

	InterDigital
	The metrics are adequate for most solution.  One additional consideration is interference impact to legacy system.  This is mainly specific to Solution 3 as it can be very well anticipated that a discovery signal transmitted on the macro layer may introduce interference issues.

	ZTE
	One more metric, especially for Solution 3/5 is the additional cost, for example in Solution 5 Pico needs to deploy one more Rx to receive the SRS from UE on Macro frequency layer.
Another one is power consumption. Comparing to solution 1, solution 2 saves UE’s energy to perform ASF because of the assistant information.
Also, we agree with InterDigital that the impact to legacy system should be considered. 

	Alcatel-Lucent/ASB
	In addition to the above listed criteria, UE power saving is one of the important goals for small cell discovery solutions. 

Complexity and cost should also be a factor to be considered especially for small cell eNBs.

 In the coverage scenario, discovery delay should be taken into consideration.

For criterion 1, we may want to clearly specify how to detect the estimation accuracy (e.g. the failure/false alarm rate and delay of the detection).

	Intel
	We agree with ZTE and ALU that complexity/cost and UE battery consumption should also be considered.

	BlackBerry
	We agree with Intel, ZTE and ALU that UE battery consumption and complexity should be taken into account

	Kyocera
	We agree with ZTE and Alcatel-Lucent that UE power saving should be one of the criteria.


2.3 Evaluation and Comparison
Using the solution categorization and the evaluation metrics suggested in the previous sections, companies are invited to provide views on the advantages and disadvantages of the proposed solutions.
Discussion #3-1: Companies are invited to provide views on the solution 1 “UE based: With simple extension of proximity indication for CSG cell [6]”
Table 2.3-1 Comments on the solution 1

	Company name
	Advantages
	Disadvantages

	Ericsson
	Low amount of signalling on air interface.
	The autonomous evaluations in this solution may lead to inconsistent UE behaviour. 
When compared to solutions for CSG detection, those solutions were made for a limited number of cells in which the UE has membership. We think it is doubtful that these solutions would work in an expected environment with significantly more cells.

Does not work for legacy UEs.

	Huawei
	Simple solution: low signalling overhead (over the air and cross X2); and minimal impact to standards.
The UE can perform proximity detection based on mobility history, or a directory of hotspots provided by higher layer applications. Even if assistance information is not provided by the network, proximityIndicationEUTRA can still be set to enabled, so that UE showing interest (i.e., with history of offloading through the small cells) can be accommodated when small cell offloading is not good to other UEs (e.g., when small cell is reaching the load limit).

It allows the user’s preference to be reflected in the small cell offloading process.

	Does not support legacy UEs

	NSN/Nokia
	
	Proximity indication for CSG cell is based on ASF. ASF for CSG cells is UE implementation specific and does not have well defined/standardized performance requirements. Extending such a mechanism for other small cell types comes with the same shortcoming as for CSG cell detection.

ASF depends on stored cell information (i.e. works for prior visited cells only) based on CSG white list. I am not sure how this scales well for pico cells. What is the implication of signalling the small cell white list? Will we be defining a range of PCIs for small cells? Note that we already agreed that any solution must work for not-yet-visited cells and UE behaviour must be predictable (i.e. standardized).

	Samsung
	
	We share the views if Ericsson and NSN/Nokia.

	InterDigital
	Impact to specification is low (as it is mainly UE implementation)
	The autonomous search function and database/fingerprint construction is left to UE implementation.  This results in unpredictable and non-uniform UE behaviour.  
Increased UE memory and processing requirements.  CSG proximity information is limited to a few CSG cells.  With increased dense small cell deployments, it may not be scalable for the UE to maintain information for a large number of cells.  Additionally, network deployments may change and it may be difficult to control UE behaviour to delete/remove previous information if this is left to UE  implementation. 

CSG Proximity detection only works for a subset of the scenarios, e.g. only previously visited 

	ZTE
	
	Proximity indication only works for yet-visited cell.
When dense Pico cells are deployed, UE is supposed to save plenty of footprint information. This impacts the processing complexity at UE. 

	Alcatel-Lucent/ASB
	Largely reuse the existing mechanism for CSG discovery. Impact to the network and spec is minimal. 

The mechanism could also be beneficial for autonomous reselection by idle UEs.
	It can only be used in limited cases where limited number of picos’ information is memorized by a UE. It can only be a complementary method.

	Intel
	Low signalling overhead and small impact to standards
	We share the same view as Ericsson and NSN/Nokia on the concerns about whether the scheme is effective and it is not clear how the solution can work for not-yet-visited cells.

	BlackBerry
	Reuse of existing mechanism causes low spec impact. 
	It depends on how many cells the UE has to memorize, it impacts the UE memory and processing and the effectiveness of this method, including the not-yet-visited small cell

	Kyocera
	Minimal impact to the specification and less complexity to the UE by reusing similar UE implementation. 
	This will only work if the UE has previously visited the targeted small cell.  

	ITRI
	No signalling overhead (over the air and cross X2)
	When considering dense small cell deployments, UE has to maintain lots of information of small cells (e.g., fingerprint), or to keep the updated information because of movement. UE memory and processing complexity should be noted. Besides, this solution seems to cause unpredictable UE behaviour.

	MediaTek
	A simple solution that can work for any kind of heterogenous network. It allows background scan to be very slow as frequently used small cells can be discovered more quickly. 
	Autonomous Proximity based solutions are complementary to background scan solutions. Some complexity in the UE to maintain the information for frequently visited small cells. 


Discussion #3-2: Companies are invited to provide views on the solution 2 “UE based: Autonomous search function with assistance information [2][3][6][12][13][17][16][15]”
Table 2.3-2 Comments on the solution 2

	Company name
	Advantages
	Disadvantages

	Ericsson
	
	Some parts (relaxation of measurement requirements) of this solution is already investigated by RAN4. Not really a disadvantage, but something to keep in mind. We think it may be beneficial to await reply from RAN4.

There is a limit to how much information can be broadcast. The eNB can configure specific UEs to measure for picos instead.

Does not work for legacy UEs.

	Huawei
	This broadens the use of UE based small cell proximity indication for both visited and not-yet-visited cells.
	1) Increased signalling overhead over air interface for fingerprint information related to small cells.
2) Some impact on 36.331; impact on 36.423 depends on whether the assistant information is provisioned through X2 or OAM.
3) Does not support legacy UEs

	NSN/Nokia
	
	To me solution 2 is not different from solution 1. So same comments as for solution 1 applies here.

	Samsung
	The solution based on “Background scans” proposes network broadcasting information about presence of small cells on frequency layer based on which UE does the scanning for cells on that frequency during DRX. So, in principle this solution is similar to relaxed measurement (detection) requirement which is under discussion in RAN4. So, we agree with Ericsson to wait for the outcome of RAN4 discussions.
	We wonder if there will be battery power saving if the autonomous search function (ASF) is extended to detect inter-frequency small cell. Further, no performance requirements are specified for the ASF so its accuracy is questionable. Therefore, we are also doubtful whether solution based on ASF would work in inter-frequency HetNet deployments.

	InterDigital
	The proximity detection triggering criteria is closely controlled by the network.  It is scalable as a proximity area will be configured/removed by the network as needed.  Battery impact minimized as the UE would perform proximity detection when configured by the network.  
Since the network is aware of deployment it can more accurately configure triggering criteria (proximity areas) based on small cell location and offloading needs.

The proximity detection is more deterministic and UE behaviour is controlled as the network configures the proximity area.
	Does not support legacy UEs
Additional signalling to configure proximity area and triggering in the UE.  However, this may not be a big concern if the signalling is properly designed. 

	ZTE
	Generally speaking, this solution group makes the proximity indication easier for UE. For example, UE might not need to save all visited Pico cells’ footprint.
For not-yet-visited cell, UE could make a use of the assistant information to find it.
	Not applicable for legacy UEs.
Additional signalling should be provided, the cost of which depends on the assistant information.



	Alcatel-Lucent/ASB
	Agree with points listed by InterDigital. Comparing with solution 1, this solution is a generic one and can be used for all the scenarios.

The mechanism could also be beneficial for autonomous reselection by idle UEs.

It can be a complementary method with the network based proximity determination solution.
	Does not support legacy UEs



	Intel
	Agree with InterDigital that network is able to control proximity detection triggering criteria and the solution can also work for not-yet-visited cells.
	Additional signalling load for network assistance information, and therefore some impacts on specifications.

Does not support legacy UEs.

	BlackBerry
	The assistance information allow UE to  avoid memorizing the visited small cell and mechanism works for both visited and not-yet-visited small cells 
	Additional signalling to provide assistance information and does not support legacy UE that won’t understand the new information

	Kyocera
	This solution has advantage over solution 1 in that the network may provide the UEs with presence of small cells regardless of whether the small cells are previously visited by the UE.  

From the offloading perspective, this solution has the benefit of reducing UE power consumption since the UE will not need to scan for small cells unless indicated by the network.  
	Additional signaling will be needed as compared to Solution 1.  

If UE is not anywhere close to the broadcast small cells, UE power consumption may not be reduced. 

It is also questionable if the network will be able to broadcast triggering information for all small cells within the macro coverage.  And it is unclear how the network will decide which small cells will be broadcasted for assistance information. 

	ITRI
	Signalling overhead (over the air and cross X2) should be noted.
	Same comments as solution 1.

	MediaTek
	A simple solution that can work for any kind of heterogenous network. It allows background scan to be very slow as frequently used small cells can be discovered more quickly. 
	Autonomous Proximity based solutions are complementary to background scan solutions. Some complexity in the UE to maintain the information for frequently visited small cells. 


Discussion #3-3: Companies are invited to provide views on the solution 3 “Network based: small cell discovery signal in macro layer [5]
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Table 2.3-3 Comments on the solution 3
	Company name
	Advantages
	Disadvantages

	Ericsson
	
	We think broadcasting a pilot signal for the pico layer in the macro layer risks reducing the performance of the macro layer. 

	Huawei
	1)
Support of legacy UE, and
2)
Small impact on specifications.
	We share with same concern as Ericsson that the intra-frequency interference can be a big issue.



	NSN/Nokia
	
	We agree with Ericsson and Huawei that having small cells send discovery signal on macro-layer is equivalent to causing unnecessary interference, and thus results in undesirable macro performance loss. As pointed out in R2-121133 itself, pilot pollution, hardware complexity and cost and requirement for UEs with advanced IC receivers are all serious disadvantages. It is preferable to leave it out of the scope of this HetNet mobility enhancement work item and study this solution further in the Rel-12 small cell enhancements study item.

	Samsung
	
	During Rel-11 discussions concerns were already raised on cost/complexity of small cells and discovery signal causing interference in the macro layer. These issues may not be a concern for sparse small cell deployment, however for large scale (dense) small cell deployment we need to be careful.

Further, we expect relatively more specification impact compared to other solutions. Also, agree with NSN/Nokia comment to study this solution in Rel-12 small cell enhancement study item as discussions are on-going in RAN1.

	InterDigital
	The UE can directly measure small cells in the macro frequency (e.g. without consuming battery and the need of measurement gaps in another frequency)
	Before considering this solution, the impact of interference caused by the small cell signal on the macro layer needs to first be analyzed by RAN1.  

Additionally, the accuracy of the measurements is questionable as the UE channel characteristic and interference situation in the macro cell may be quite different from the small cell layer.   

With densification of small cell deployments, the macro frequency may need to transmit a large number of small cell signals, which may impact macro layer channel characteristics, may impact detection of macro cell discovery signals due to increased interference and PCI provisioning may be impacted in the macro frequency.  

	ZTE
	
	We agree with the issues brought up by many companies, e.g., the interference on Macro frequency layer, the extra cost to Pico by deploying one more RF chain, the inaccuracy of measurement since the coverage of two layers are different.

	Alcatel-Lucent/ASB
	An efficient UE power saving method.
	Introduced the additional interference at the macro layer.

 Small cell complexity/ cost can be increased with additional transmissions to be conducted at the additional carrier frequency of the macro layer.

UE need to be able to detect and differentiate the beacon signals of the small cell.

	Intel
	
	We share the concern about the interference issue in macro layer, and the problem might be more severe considering the dense small cell deployment.

	BlackBerry
	Potential UE battery saving
	Similar view with others. Perhaps the UE battery saving is not justifiable with the cost and requirement for UEs to have advanced interference cancellation receivers

	Kyocera
	This solution will allow the UE to detect the small cells very efficiently.  
	The increased interference to the macro layer cannot be ignored and will be even more problematic with increasing number of small cells.

	ITRI
	Agree on InterDigital’s view.

We think that a discovery signal on schedulable RBs may avoid the interference problem.
	If a discovery signal is on schedulable RBs, it may not support legacy UEs.


Discussion #3-4: Companies are invited to provide views on the solution 4 “Network based: macro cell listening [6] [7] [10][11]”
Table 2.3-4 Comments on the solution 4
	Company name
	Advantages
	Disadvantages

	Ericsson
	The solution can improve performance for legacy UEs.
The impact on specifications can be made small.

The solution works for both visited and not-yet visited cells.
	The accuracy is not yet well known.

	Huawei
	1) This solution can work for both visited and not-yet-visited cells.
2)
it can support legacy UE, and
3)
the impact on specifications can be small.
	1) The main concern with this solution is the accuracy issue. With typical macro deployment, it may be difficult to identify UE’s proximity to small cell at a resolution of small cell size.
2) Signalling overhead may be a concern if frequent periodic measurement reporting is needed for macro listening.

	NSN/Nokia
	
	This solution #4 is a proprietary implementation dependent solution. According to [6] [7] this solution is left to NW implementation and so is not a standardized solution. It is difficult to evaluate and compare solutions that are left to implementation and so such solutions should be removed from further RAN2 discussions unless RAN2 decides that nothing needs to be standardized and leaves small cell discovery to implementation.

Network based proximity detection described in [10] is proprietary implementation dependent and cannot have standardized performance requirements. Fingerprint methods are also implementation dependent and require building and maintaining of a static database of RF information and consistent accuracy of proximity detection is also not guaranteed.

Uplink E-CID positioning using AoA+TA method requires deployment of special antenna array. Considerable amount of NW effort for implementation to accomplish the task of locating the UE close to a small cell which also requires provisioning of small cell location information on the NW side.

	Samsung
	Developing fingerprint using measurement reports or similar techniques for Network based proximity detection is eNB implementation specific.

Network vendors developing such solution could potentially offer such solution without any support from specification. 
	Network may configure UEs for periodic intra-frequency measurements to develop the fingerprint and hence may increase the signalling load due to measurement reporting.

Accuracy and practically feasibility of network based proximity detection is doubtful.

	InterDigital
	No UE impact and no impact to specification
	Heavily relies on network implementation and on the fact that the network has frequent and up to date measurements from the UE.  

The accuracy is questionable since the UE may not necessarily continuously report or may not report on time the measurements required for the network to estimate its location.  
To retrieve the necessary information more frequency measurement reporting may need to be configured in the UE, thus resulting in singling increase.  

	ZTE
	Left to NW implementation.
No spec impact.
	The accuracy and extra signalling overhead needs to be evaluated.

	Alcatel-Lucent/ASB
	Agree with the analysis from E///, HW

Possible good solution is simple network based  proximity method complement with UE based proximity method.

For example, for the offload purpose, if UE based proximity method could provide indication at first, network could simply make the decision for discovery. Otherwise if the macro is overloaded, network could also perform the proximity determination by itself and take further action.
	The accuracy of the proximity determination at the network is not clear. 

The complexity and cost for the network implementation for accurate proximity determination can be high.



	Intel
	Legacy UE can be supported and there is little impact on specifications.
	The accuracy of the solution is not evaluated. 

There is more signalling load from UE to the network due to the frequent measurement report. 

	BlackBerry
	No specification impact on UE
	Network may request UEs for frequent intra-frequency measurements to develop the fingerprint that increase signalling load and UE battery consumption due to frequent measurement reporting. May also add complexity to the macro to be able to listen to UE at different frequency.

	Kyocera
	Agree with Ericsson and Huawei on all the benefits. 
	It is unclear how well the network can track the UE based only on fingerprinting information.  

Allow the specification impact is minimal, signaling may be increased substantially for measurement reporting and configuration.  

	ITRI
	Network implementation
	We also concern about the accuracy issue. It seems to have frequent measurement reporting to immediately realize that UE is near a pico cell.


Discussion #3-5: Companies are invited to provide views on the solution 5 “Network based: pico cell listening [6]”
Table 2.3-5 Comments on the solution 5
	Company name
	Advantages
	Disadvantages

	Ericsson
	May improve performance for legacy UEs.
	Requires additions to X2.

	Huawei
	1)
it can be very effective in small cell detection with high reliability and accuracy;
2)
there is small over the air signalling overhead;
3)
it can support legacy UE
	Additional IE fields in X2 messages.

	NSN/Nokia
	
	This solution will result in extensive X2 signalling traffic. Depending on the number of pico cells under a macro and depending on the number of macro UEs there will be extensive X2 signalling traffic for signalling of each and every macro UE’s UL channel information (SRS configuration?) from macro to each pico cell and proximity alerts for each and every macro UE that is close to a small cell (pico to macro X2 signalling).
Small Cells will need additional receiver capability to monitor uplink transmitted signal from macro-UEs. This is equivalent to added complexity of the small cell. If small cell and macro e.g. is operating in different bands (say small cell at 2.6 GHz and macro at 800 MHz it becomes particularly costly. Furthermore, to have fully standardized solution, requirements for when a small cell shall consider an uplink signal from a macro user as detected needs to be standardized, calling for potentially complicated (undesirable) test cases.

	Samsung
	
	Pico listening on macro frequency requires co-ordination on X2 for pico to know UEs SRS configuration and then after detecting proximity reporting back to macro cell. Accuracy of proximity detection based on pico listening is not yet proven. Further, solution looks quite complex.

	InterDigital 
	No UE impact and no impact to specification 
	This assumes the availability of a separate RF unit to measure the macro’s uplink frequency, which may not always be available. The complexity and cost increase at the pico eNB may need to be considered.

In dense small cell deployments given the uncertainty of UE locations the macro would have to configure multiple small cells to monitor the UL. This will result in increased signalling over X2 and will highly be dependent on the number of UEs in the

	ZTE
	
	It requires X2 interface to exchange the UE’s SRS configuration, which brings high signalling load when dense Pico cells are deployed.
Extra cost for Pico cell to listen the Macro layer frequency.

The detection performance at Pico cell is not known yet. RAN4 is required to make the requirement for Pico detection. RAN1 should be involved to evaluate the mis-detection rate of unsynchronized SRS case for different UEs.

	Alcatel-Lucent/ASB
	
	It relies on UE transmission for small cell to measure which increases the UE power consumption. 

It requires the small cell eNB to monitor the UE on a different carrier frequency from its own. It will increase the complexity and cost of the small cell.

It still relies on the macro cell to estimate the UE location and it has impact to X2.

	Intel
	Support of legacy UEs
	Small cell needs to have additional RF receiver to listen in the macro layer frequency.

Increased X2 signaling for the coordination of UL transmission resources and the report of detection result.

The accuracy of the solution is not evaluated.

	BlackBerry
	No specification impact on UE
	Information exchange over X2 for UE configuration (e.g. SRS configuration) plus small cell reporting to macro could be significant. Small cells needs to detect/listen to UE in macro cell frequency 

	Kyocera
	Agree with Huawei on all the benefits.
	Additional X2 signaling will be needed; however signaling over the Uu interface will be substantially less compared to Solution 4.

	ITRI
	Support of legacy UE
	Signalling overhead cross X2 and RF capability of pico cells are concerned. Multiple pico cells may be configured to monitor UE UL signalling because the UE location is unaware.


3. Summary
Twelve companies participated in the email discussion of small cell discovery based on proximity/fingerprint solutions.
During the discussions of solution categorization, clarification was provided to the difference between solutions 1 and 2 as being how the fingerprint information is attained in UE:
· For solution 1, fingerprint information is assumed available through UE implementation, e.g., based on history of previously visited cells, or application layer assistance, etc;

· For solution 2, explicit network assistance is required.

There were also some discussions on whether there is difference between the terms of ASF and background scan. Most companies felt that in the context of proximity detection, ASF and autonomous background scan both relate to the measurement performed by UE without the need of measurement gap scheduled by network, when it is not receiving DL transmission.

In addition to the following evaluation metrics, 
1) Effectiveness of small cell detection (e.g., for visited and not-yet-visited cells, detection accuracy, etc.),
2) Signalling overhead (over the air and cross X2),
3) Support of legacy UE, and
4) Impact on specifications.
many companies proposed to also consider UE power saving and network cost/complexity when evaluating solutions.

Table 3-1 summarises companies’ views on the major solution directions towards small cell discovery based on proximity/fingerprint approaches.

Table 3-1, Summary of Comments on Advantages and Disadvantages of Major Solutions

	Solutions
	Advantages
	Disadvantages

	With simple extension of proximity indication for CSG cell
	Low signaling overhead (over the air and X2);
Minimal impact on standards.
	It does not support not-yet-visited cells;
UE behaviour/performance is not well defined;

Large memory requirement if UE needs to memorise fingerprint information of large number of small cells.
It doesn’t support legacy UEs.

	Autonomous search function/Background scan with assistance information
	Proximity detection triggering can be closely controlled by the network;
It supports proximity detection of both visited and not-yet-visited cells.
	Increased signaling over the air interface for fingerprint information related to small cells;
It doesn’t support legacy UEs.

	Small cell discovery signal in macro layer
	If interference on macro layer is not an issue -

It can be efficient for UE power saving; and

It supports proximity detection of both visited and not-yet-visited cells;

It supports legacy UE.
	It may introduce intra-frequency interference (pilot pollution) to the macro layer, especially with dense deployment of small cells;
If interference is an issue, it would incur significant complexity/cost in UE to support advanced IC receiver. 

Small cell complexity/cost may be increased for the additional transmission on macro layer.

	Macro cell listening
	It supports both visited and not-yet-visited cells;
It supports legacy UEs;

It can have minimal impact on standards.
	The accuracy/performance is hard to be evaluated, as macro detection is proprietary implementation;
Over-the-air signaling overhead may be a concern if frequent periodic measurement reporting is needed.

	Small cell listening
	It supports both visited and not-yet-visited cells;
It supports legacy UEs;

The impact on the air interface signaling can be small;

It can be effective in small cell detection with sufficient accuracy and reliability.
	It requires additional X2 signaling exchange, which may be severe if there are a large number of small cells in the area and macro can’t determine UE’s location precisely;
There is additional complexity/cost on small cell to listen to macro frequency layer;
Requirements on small cell listening performance may need to be evaluated and defined in RAN1/4.


Based on the received comments and analyses, the followings may be considered for the further works on small cell discovery based on proximity/fingerprint solutions:
Proposal 1: For UE based approach,
· First, to have further studies on the content (fingerprint info, small cell layer frequency, etc.) and signaling mechanism (broadcast, unicast) of network assistance information;

· then, to determine if proximityIndicationEUTRA is needed on condition of the above network assistance information.

Proposal 2: For network based approach,

· to discuss if legacy UE should be supported in the small cell discovery enhancement;

· to discuss if performance requirement needs to be defined for network listening implementation;

· to have further discussion on the solution of “small cell discovery signal in macro layer”, after more study results are available to address the interference concern;
· to have further discussion on the solution of “macro cell listening”, after more details are provided on the required specification impact;
· to have further discussion on the solution of “small cell listening”, after more details are provided on the required X2 signaling.
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