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1. Introduction

This paper tried to have a summary of the following email discussion:

[82#27][UMTS/Het-Net] Solution evaluation (Huawei)

-
Evaluate solutions from TPs for Massive small Cell Deployment, Speed Based Mobility and Small cell discovery and identification (as they will be captured in R2-132164). 

-
The intention is to evaluate and compare the solutions (except for range expansion and combined cell)

-
Determine the evaluation criteria for each area (e.g. Mass cell deployment criteria maybe different from speed based mobility).

=>
Intended outcome: Email discussion summary

2. Discussion
As agreed in the text proposals [1], there are some solutions proposed for the three identified mobility issues, i.e., mass small cell deployment, speed based mobility and small cell discovery and identification. Solutions for each issue will be discussed separately in detail in the rest of this paper.
1.1 Massive small cell deployment

For massive small cell deployment, basically there are three solutions proposed on the table:
1) Extend the neighbour cell list (NCL) size
This method is mainly for NCL size limitation, whose basic approach is to extend the size of NCL to allow the network to include all the small cells in the NCL so that UE could report each detected small cell to the network side. More issues, however, might be expected in this solution, e.g., how many additional entries could be extended on top of existing size of NCL, should the measurement requirement be updated or not, etc.
2) Measurement event specific cell lists
The basic approach would be that a list of cells apply to some measurement events (e.g. the current NCL in CELL_INFO_LIST containing macro cells), and another list of cells apply for other measurement events (e.g. an extension to CELL_INFO_LIST containing small cells).
3) Configurable NCL in CELL_PCH and CELL_FACH
This method is mainly for non-DCH state, whose basic approach is for UEs in CELL_FACH or CELL_PCH, the Network can change the NCL of the UE using dedicated signalling, cells can be added or removed from the list broadcasted in the SIB on a per UE basis.
The following table will be used to compare the three solutions above in terms of performance, complexity and specification impact.
Table-1 Comparison of possible solutions to massive small deployment

	Solution
	Performance
	Specification impact 
	complexity
	Impacted Node
	Power Consumption

	1)
	[E///] With a reasonable size extension of the current NCL in Rel-12 all small cells will fit in the NCL and the performance will be as good as for normal macro cell performance.
[HW] We also think that this should be an easy and direct solution.
[ZTE] Agree with E/// and HW.
[NSN] Extension of NCL may have impact on performance.
[QC] it definitely helps. RAN4 requirements impacts or potential changes should be evaluated.
	[E///] RAN2, RAN4 to update the specification with the extended NCL but the current measurements requirements to identify new cells and monitor existing cells should be kept unchanged.
[HW] Agree with E///.
[ZTE] Agree with E/// and HW. 
[NSN] Some impact on RRC signalling. Possible Impact on RAN4 for performance.

[QC] Same as NSN (RAN4 impacts should be evaluated, based on NCL extension requirements/needs)
	[E///] Low complexity, the impact is mainly to introduce the signalling in RAN2 and for the UE is mainly on L3 to filter the L1 measurements and determine event triggers and do the reporting.
[HW] Low complexity, but may require enhanced measurement requirement for the UE.
[ZTE] Agree with E///, and we do not expect enhancement for UE measurement requirement.
[NSN] Low complexity for NW. Medium for UE. 

[QC] UE complexity depends on the required NCL extension, and potential changes in existing perf. requirements.
	[E///]
[HW] Mainly UE and RNC.

[ZTE] Agree with HW.
[NSN] UE and RNC. 

[QC] UE & RNC
	[E///]
[HW] No significant power consumption is foreseen.
[ZTE] No quantitative results available so far.
[NSN] The UE power consumption will depend on the number of added cells.

[QC] to be evaluated, based on the extension size

	2)
	[E///] Layer dependent settings for LPNs could be applied. Which gives better measurement efficiency. The UE could potentially use this information to avoid LPN re-selection and HO reporting when at high speed.
[HW] Technically it should be beneficial for the network to trigger macro and small cell specific measurements, assuming that UE’s proximity to small cells and UE speed status are known to UE or network.
[ZTE] Agree with the point that macro and small cell distinguished measurement setting can lead to good performance for UMTS HetNet mobility.
[NSN] Different measurements depending on the type of Cell and UE speed can reduce the Measurement signalling.

[QC] some performance improvements are expected, e.g. enabling faster HO to/from small cells. Worth further evaluation.
	[E///] RAN2 new CELL_INFO_LIST.
[HW] RAN2 new CELL_INFO_LIST for small cells + some new criteria for triggering the measurement report, e.g., if UE is at high speed, this new small cells list will not be considered for measurements.
[ZTE] Agree with E/// and HW.
[NSN] Medium RRC signalling impact.
[QC] TBD (based on details)
	[E///] The impact is mainly on mobility handling in the UE, which is considered as medium.
[HW] Medium. The complexity is mainly about how the UE’s position and speed info is known.
[ZTE] Agree with E/// and HW.
[NSN] Medium The new behaviour of UE will mainly restrict the signalling and not introduce complex algorithm.
[QC] TBD (based on details)
	[E///]
[HW] Mainly UE and RNC.

[ZTE] Agree with HW.
[NSN] UE, RNC

[QC] UE & RNC
	[E///]
[HW] In general, power consumption should not be significant.
[ZTE] No quantitative results available so far. 
[NSN] As UE will reduce the number of measured cells and measurement report, the impact is lower UE consumption

[QC] TBD (based on details)

	3)
	[E///] More dedicated signaling overhead and latency after which the new measurements will take effect, after the NCL was updated.
[HW] This solution seems to apply for non-DCH mobility only, and work only when there is state transition.
[ZTE] Agree with E///, and this idea can be applied for all states, regardless of macro/small cell environment, aiming for more efficient RF measurements.
[NSN] This would allow the optimization proposed for DCH in FACH / PCH as well: less unnecessary measurement for some cells.

[QC] Performance benefits seem not very convincing (to be clarified)
	[E///] RAN2 may have specification impact due to addition of the dedicated signalling of NCL.
[HW] Agree with E///.

[ZTE] Agree with E/// and HW.
[NSN] Low impact: new dedicated signalling.
[QC] TBD
	[E///] In order to configure the UE in CELL_FACH the NW need to know some additional information example location or mobility etc.
[HW] It is difficult and complex for the network to decide if a dedicated signalling is needed and which cells to configure during the state transition.

[ZTE] Agree with E/// and HW.
[NSN] Low complexity, the UE behaviour for cell measurement / selection is not changed, only the list of cells is changed.

[QC] high UE complexity
	[E///]
[HW] Mainly UE and RNC.

[ZTE] Agree with HW.
[NSN]:UE, RNC

[QC] UE&RNC
	[E///]
[HW] No additional power consumption is foreseen.

[ZTE] No quantitative results available so far.
[NSN] The benefit will depend on the List: if cells are removed, UE power consumption will be reduced.

[QC] TBD


1.2 Speed based mobility

For speed based mobility, basically there are four solutions proposed on the table:

1) Solution to more signalling messages
With the deployment of smalls, more signalling messages will happen when UEs are moving through small cells, thus more signalling failures could be expected which further cause higher possibility of drop failure especially under high speed. The basic approach of this method is to keep the macro cell always in the active set whose intention is to reduce the number of signaling messages during handover procedures, e.g., no need for the UE to report 1b or 1a event, so signaling failures are reduced which would help to a more robust mobility procedure.
2) Solution based on UE speed knowledge
This approach assumes that an accurate knowledge of the UE speed is available in the network side, so that network could dynamically allocate NCL to CELL DCH UE based on its speed in order to make the best use of existing NCL size, e.g., dynamically allocating NCL for medium and high speed UE could decrease number of measurement reports and improve HO performance.
3) Solutions to avoid handover or reselection to small cells without using speed estimation. 
The basic approach of this method is to treat macro cell and small cell separately when configuring mobility parameters.

For example, some measurement events are applicable to small cells and others to macro cells or, different values of parameter, e.g., longer TTT, different CIO, or hysteresis/threshold values towards small cells so that measurement events could be triggered for small cells from some UEs without affecting the macro cell measurements. In Idle, PCH, FACH is also possible to use separate thresholds or CIO, longer Treselection for small cells, or use uplink coverage as well as downlink coverage when performing cell reselection calculation.
4) Additional cell information per cell in NCL in CELL_DCH
The basic approach of this method is that network could place additional small cell specific information in NCL, e.g., LPN power class indicating a small cell, LPN timing offset helping the UE cell search, LPN UL desensitization helping the UE to estimate UL/DL imbalance, etc., the UE may use all or a subset of the proposed parameters and report measurements back to the network and the network may use these extended measurements to enable better decision making in HetNet environments.
Table-2 Comparison of possible solutions to speed based mobility

	Solution
	Performance
	Specification impact 
	complexity
	Impacted Node
	Power Consumption

	1)
	[E///] Disadvantage with low speed UE.
[HW] Could reduce the number of HO thus potentially reduce the HO failures significantly, especially for high speed UEs. Don’t see any negative impact to low speed UEs.
[ZTE] Good from UE perspective, but some disadvantageous from NW perspective.
[NSN]Mandating UE to keep Macro Cell in AS is not always feasible, and not always desirable.

[QC] TBD (based on details)
	[E///] none
[HW] Network may need to indicate the small cell type, UE may need to consider this when performing measurement and event evaluation.

[ZTE] NW should know about the mobility event related cell type, and How to maintain AS for UE is purely up to NW.
[NSN] Possibly some new events / threshold values.

[QC] TBD (based on details)
	[E///] Low complexity for the NW (pure implementation issue).
[E///] Low.

[ZTE] Agree with E/// and HW.
[NSN] Depends on specification impact.

[QC] TBD (based on details)
	[E///]
[HW] UE and RNC.

[ZTE] Agree with HW.
[NSN] Possibly UE, RNC

[QC] should be UE&RNC
	[E///]
[HW] No additional power consumption foreseen.

[ZTE] No quantitative results available so far.
[NSN] No or low impact.
[QC] TBD (based on details)

	2)
	[E///] Better utilize the NCL.
[HW] The performance depends on if the network could get accurate UE speed status and proximity to small cells.

[ZTE] Up to implementation.
[NSN]Better mobility management, less HOF.
[QC] depends on NW implementation
	[E///] none
[HW] none.

[ZTE] Agree with E/// and HW.
[NSN] None


	[E///] Easy to implement for the NW; The NW is able to detect mobility in CELL_DCH
[HW] It is difficult for the network to get accurate UE speed status and UE location.
[ZTE] Prefer to implementation. Both speed accuracy and mobility trajectory are helpful. Speed info alone may be misleading for mobility decision sometimes.
[NSN] Medium.

	[E///]
[HW] UE and RNC.

[ZTE] Agree with HW.
[NSN] No impact on specification (implementation).
	[E///]

[HW] No additional power consumption foreseen.
[ZTE] No quantitative results available so far.
[NSN] Depends on chosen algorithm

[QC] depends on NW implementation

	3)
	[E///] Can efficiently avoid unnecessarily HO.
[HW] Could potentially avoid unnecessarily HO.
[ZTE] Agree with the point that macro and small cell distinguished measurement setting leads to good performance for UMTS HetNet mobility.
[NSN]Can help mobility and avoid unnecessary measurements and HOF

[QC] can help customize parameters and mobility optimizations for LPNs
	[E///] RAN2 the settings are per cell, but in order to apply a separate setting for LPN the spec changes might be required.
[HW] Measurement configuration is cell specific or cell type specific, spec changes might be needed.

[ZTE] Agree with E/// and HW.
[NSN] New list of Cell in UE or additional info per Cell in existing list.

[QC] TBD
	[E///] Low complexity for the NW.
[HW] Low for network, medium for the UE.

[ZTE] Agree with E///.
[NSN] Low impact.
[QC] TBD
	[E///]
[HW] UE and RNC
[ZTE] Agree with HW.
[NSN] UE, RNC

[QC] UE and RNC?
	[E///]
[HW] No additional power consumption foreseen.
[ZTE] No quantitative results available so far.
[NSN] No or low impact

[QC] TBD

	4)
	[E///] Better mobility state detection could be achieved
[HW] Performance not clear, depends on how the UE would utilize the additional cell information.

[ZTE] Surely better mobility performances at the cost of more complexity.
[NSN] Better HO performance, less HOF, quicker HO.
[QC] can help customize parameters and mobility optimizations for LPNs
	[E///] RAN2 more signalling is needed.
[HW] Agree with E///.

[ZTE] Agree with E/// and HW.
[NSN]Medium impact on signalling and UE behaviour.

[QC] TBD
	[E///] Bring additional complexity both for NW and UE.
[HW] Agree with E///

[ZTE] Agree with E/// and HW.
[NSN]Medium impact to UE.
[QC] TBD
	[E///]
[HW] UE and RNC.

[ZTE] Agree with HW.
[NSN] UE, RNC.
[QC] UE and RNC?
	[E///]
[HW] should be no additional power consumption.

[ZTE] No quantitative results available so far.
[NSN]Will depend on UE use of the information

[QC] TBD


1.3 Small cell discovery and identification

For small cell discovery and identification, basically there are five solutions proposed on the table:

1) UE based proximity detection
Similar as what had been discussed in CSG, the basic approach is based on UE implementation (e.g. the fingerprint info), UE is able to determine that it is near a small cell and may provide to the network a proximity indication and network could then configure the compressed mode gaps for the UE to measure the inter-frequency small cells.
2) Network based proximity detection
The basic approach assumes that the network, either macro cell or small cell, could detect a DCH UE’s proximity to a small cell through detecting the uplink signal of UEs which are near a small cell, probably taking advantage of some additional information, e.g., Round Trip Time, preconfigured fingerprint info, etc..
3) UE detects small cell with network assistance 

The basic approach is for the network to indicate the information of the presence of small cells to the UEs, e.g., (precise or approximate) location info of the small cell(s), distance info of small cells towards macro cells either in RSCP or in pathloss, or even the frequency info of the small cell, etc., such info could help the UE to detect the small cells nearby.
4) Relaxed and limited measurements for UE in Non-DCH state
The basic approach of this method is to mandate the UE to perform inter-frequency measurements on small cells after a state transition, e.g., from DCH to PCH, in addition, the requirements of such inter-frequency measurements could be either limited in time e.g. during a period T1 only, or relaxed, e.g., reducing the period/frequency of searching and measuring small cell frequency, so that power could be saved.
5) Network configurable NCL for the UE in CELL_PCH, URA_PCH and CELL_FACH for reselection
The basic approach of this method is that the network can change the NCL of the UE using dedicated signalling, cells can be added or removed from the list broadcasted in the SIB on a per UE basis, so that UE could perform specific measurements for reselection to small cells. 
It should be noted that solution 4) and 5) are mainly for cell reselection to small cells.
Table-3 Comparison of possible solutions to small cell discover and identification

	Solution
	power consumption
	Performance
	Specification impact 
	Impact node
	complexity

	1
	[E///] High if the detection latency is small
[HW] Medium or low, depending on the accuracy of fingerprint info.
[ZTE] No quantitative results available so far.
[NSN]This depends on UE implementation

[QC] based on UE implementation
	[E///]
1. Data transmission interruption

2. more signalling for the measurement configuration
[HW] Detection accuracy varies depending on the fingerprint info. Data transmission interruption would happen after network configures inter-freq small measurement.
[ZTE] Agree with E/// and HW.
[NSN] if left to UE implementation, as for CSG, only low performance requirements are specified.

[QC] based on UE implementation
	[E///] RAN2 if the fingerprint info needs to be standard, RAN 4
[HW] RAN2.

[ZTE] Agree with E///.
[NSN] Autonomous search is usually not standardized.

[QC] should be null or minimal
	[E///] UE, RNC
[HW] RNC and UE.

[ZTE] Agree with E/// and HW.
[NSN] UE, RNC

[QC] UE & RNC
	[E///] UE needs to support the two kind of measurement requirement, and switch between the two measurement periods. In addition the UE has to store high number of fingerprints 
UE needs to maintain a lot of the fingerprint info for all the small cells.
[HW] UE needs to maintain quite a lot of fingerprint info. 

[ZTE] Agree with E/// and HW.
[NSN] High complexity for UE
[QC] based on UE implementation

	2
	[E///] Low when the UE "commanded" to perform inter-frequency measurements.
[HW] No additional power consumption.

[ZTE] Agree with E/// and HW.
[NSN] Low: it allows the reduction of the UE Inter-frequency measurements

[QC] depends on NW implementation
	[E///] more signalling overhead might be required if the proximity detection based on measurement report

[HW] Apply only to DCH UE. Detection by small cell should be more accurate.
[ZTE] Agree with E/// and HW.
[NSN] High. Simulations showed a better accuracy of UE location and Inter Frequency measurement trigger. 

[QC] depends on NW implementation
	[E///] RAN2, compared to UE scheme the impact is very small 
[HW] RAN3 impacted if detection by small cell is to be used.

[ZTE] Mainly RAN3.
[NSN] RAN3

[QC] TBD
	[E///] UE, RNC.
[HW] RNC and NodeB

[ZTE] Mainly RNC and NodeB.
[NSN]NodeB, RNC

[QC] TBD
	[E///] Add extra implementation complexity and working load in the network (e.g. uplink detect, the fingerprint info management and proximity determination), however, more easily to introduce the new features without influencing the terminal implementation.
[HW] Additional workload is introduced in the network side.

[ZTE] Agree with E/// and HW.
[NSN] No complexity added in the UE  Medium in the network.

	3
	[E///] If the NW assistance information is useless it is the same as 1. If the information is perfect, it is low.

[HW] Similar as solution 1.
[ZTE] Agree with E///.
[NSN] The idea is similar to 1
[QC] TBD
	[E///] More system info is broadcasted.
[HW] More accurate that UE based solution since network could provide more accurate assistant info.
[ZTE] Agree with E/// and HW.
[NSN] More signalling, in System info or dedicated messages.

[QC] TBD
	[E///] RAN3, if it is based on the uplink detection.
[HW] RAN2.
[ZTE] Mainly RAN2.
[NSN] RAN2

[QC] TBD
	[E///] UE, RNC.
[HW] RNC and UE.

[ZTE] Agree with E/// and HW.
[NSN] RNC, UE

[QC] TBD
	[E///] The network collects the fingerprint info and broadcasts to UE, so the complexity is somewhat shared between UE and NW based detection.
[HW] Network needs to maintain the assistant info.

[ZTE] Agree with E/// and HW.
[NSN]High complexity in UE, medium in NW
[QC] TBD

	4
	[E///] low
[HW] Medium to low, depending on the duration of the period for small detection.
[ZTE] Agree with E///.
[NSN]Low: Simulations showed power consumption gain

[QC] should enable UE battery savings (TBD)
	[E///]
[HW] Apply when there is a state transition and a small cell happens to be nearby.

[ZTE] It depends on specific case.
[NSN]Simulations showed that the solution allows UE to spend more time in LPN layer.
[QC] TBD
	[E///] RAN2, RAN4
[HW] RAN2 and RAN4.

[ZTE] Agree with E/// and HW.
[NSN]RAN2, RAN3

[QC] TBD
	[E///] UE, RNC
[HW] RNC and UE.

[ZTE] Agree with E/// and HW.
[NSN] UE, RNC

[QC] UE&RNC
	[E///] The complexity is how to find the correct trade-off between latency and power consumption
[HW] Agree with E///.

[ZTE] Agree with E/// and HW.
[NSN] Medium complexity
[QC] TBD

	5
	[E///] No impact on power consumption
[HW] 

[ZTE] No quantitative results available so far.
[NSN] Allows Network to reduce the number of cells to measure.

Same as dense LPN solution 3
	[E///] More dedicated signaling overhead 

[HW] The UE can’t find the inter-freq small cell when the serving cell is of good quality.
[ZTE] Agree with E/// and HW.
[NSN] Allows Network to reduce the number of cells to measure.

Same as dense LPN solution 3
	[E///] RAN2 may have specification impact due to addition of the dedicated signalling of NCL
[HW] RAN2

[ZTE] Agree with E/// and HW.
[NSN] RAN2

Same as dense LPN solution 3
	[E///] UE, RNC
[HW] RNC and UE.

[ZTE] Agree with E/// and HW.
[NSN]UE, RNC

Same as dense LPN solution 3
	[E///] In order to configure the UE in CELL_FACH the NW need to know some additional information example location or mobility etc. 

The NW does not know the cell position of the UE in URA_PCH, so probably this solution won’t work for URA_PCH state.
[HW] it is difficult for the network to make the NCL reconfiguration decision.

[ZTE] Agree with E/// and HW.
[NSN] Low: 
Low complexity, the UE behaviour for cell measurement / selection is not changed, only the list of cells is changed.

The proposal was initially not proposed for URA_PCH.

Same as dense LPN solution 3


3. Summary

Based on comments from companies above, we try to have a tentative summary for each issue in the following tables, capturing the understandings which are shared by most of companies. On top of the summary, tentative conclusions are made and further way forward are suggested from email discussion rapporteur point of view.
Table-4 Summary of possible solutions to massive small deployment

	Solution
	Performance
	Specification impact 
	complexity
	Impacted Node
	Power Consumption

	1)
	In general, with a reasonable size extension of the current NCL, it is a reasonable solution with good performance if RAN4 requirements could be maintained.
	RAN2 and RAN4 would be impacted
	Low complexity for network, the main updates inside the UE is measurement behaviour and requirement.
	UE and RNC
	It depends on the number of added cells.

	2)
	Some mobility performance improvements could be expected, pending on the detailed solution.
	Mainly RAN2, e.g., a new CELL_INFO_LIST for small cell and some other new IEs need to be introduced pending on the detailed solution.
	Medium. 
	UE & RNC
	Should not be significant.

	3)
	Performance remains arguable.
	Mainly RAN2, a new dedicated signalling should be needed.
	Complexity remains arguable, network needs to know some additional info, e.g., location or mobility. 
	UE & RNC
	No additional power consumption is foreseen.


Tentative conclusions for the solution options to massive small deployment:
· It is companies’ common understanding that NCL extension could be a solution with good performance, but whether measurement requirements needs to be updated or enhanced is an open issue for further study;
· For the other two options, more clarifications are needed for the detailed mechanism;
· Table-5 Summary of possible solutions to speed based mobility

	Solution
	Performance
	Specification impact 
	complexity
	Impacted Node
	Power Consumption

	1)
	Potential benefits could be expected, but if the benefits apply to low speed or high speed UEs depends on the detailed mechanism.
	May or may not have spec impact pending on the detailed mechanism, e.g., if a cell type indication is needed in the radio interface.
	Low.
	UE and RNC.
	Should be no additional power consumption.

	2)
	Performance depends on the implementation.
	No spec impact.
	Complexity depends on the implementation.
	UE and RNC.
	Should be no additional power consumption.

	3)
	It is believed that the number of HO could be reduced.
	RAN2
	In general, low.
	UE and RNC
	Should be no additional power consumption.

	4)
	Could bring better mobility performance.
	RAN2
	In general higher complexity is introduced.
	UE and RNC.
	Should be no additional power consumption.


Tentative conclusions for the solution options to massive small deployment:

· In general, companies understand the potential performance improvement brought by each solution, but still we need to see detailed mechanism of each solution.
Table-6 Summary of possible solutions to small cell discovery and identification

	Solution
	Performance
	Specification impact 
	complexity
	Impacted Node
	Power Consumption

	1)
	Depending on UE implementation, but it may bring data interruption.
	Should be RAN2.
	High complexity in UE side.
	UE & RNC
	Additional power consumption is expected from UE.

	2)
	Depending on detailed network implementation, better performance could be expected.
	Should be RAN3 if needed.
	Additional complexity introduced in the network side.
	RNC
	Should be no additional power consumption in UE.

	3)
	Depending on accuracy of the info provided by network, performance could be better than 1.
	Should be RAN2
	Additional complexity introduced in both network and UE side.
	UE & RNC
	Should be of no additional power consumption.

	4)
	Performance remains arguable.
	RAN2 & RAN4
	The complexity is how to find the correct trade-off between latency and power consumption
	UE & RNC
	Additional power consumption should be low.

	5)
	Performance remains arguable.

	RAN2
	The complexity is mainly in the network side, network is lack of info to make a correct NCL reconfiguration decision.
	UE & RNC
	Should be no additional power consumption.


Tentative conclusions for the solution options to small cell discovery and identification:

· For proximity detection related mechanism, companies understand that potential performance improvements could be expected and are closely up to the detailed mechanism.
· For other two options, most of the companies are concerned about the performance and the complexity.
Considering the conclusions above, we would like to suggest the way forward below:
· For the solution options to massive deployment, it is proposed that NCL extension could be used as the base line in the WI phase.

· For the solution options to speed based mobility, it is proposed that all the solution options could be discussed in the WI phase.

· For the solution options to small cell discovery and identification, it is proposed that discussion should be focused on proximity detection related mechanism in the WI phase.
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