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1 Introduction

The feasibility and benefits from the BS probing solution for selecting dormant cell(s) to switch-on were presented in [1]. In this contribution the BS probing switch-on solution is evaluated according to the methodology for evaluations of the different energy saving solutions as proposed in [2]. Additionally, a comparative evaluation is presented, according to the same methodology, with all the proposed energy saving solutions in [3]. 
Based on the evaluations of the BS probing solution and the comparative analysis the evaluation tables are proposed as text proposal for the TR 36.927.
2 Evaluation of the BS probing solution
The evaluation presented below is valid for both Inter-eNodeB and Inter-RAT scenario, if not explicitly stated otherwise. Further, the analysis is based on measurements and reporting of active UEs. The BS probing solution can be further enhanced, in terms of decision speed/accuracy/reliability at cost of somewhat increased complexity, for instance by including information from idle UEs, which is FFS.
	Criteria
	BS Probing Evaluation

	Feasibility
	Feasible, as it accurately switches on dormant cell(s) and can be realized with current technology with minor/acceptable standardisation impact. The BS probing solution can work in both Inter-eNodeB and Inter-RAT scenarios and it can be combined with other switch-on enhancements e.g. low-load periods, UE positioning, etc.

	Applicability
	Applicable, because:

· UEs are accessible all the time (even during the probing interval).
· The measurements and reported events required for the BS probing solution are supported by legacy UEs. MDT support is not a prerequisite for this solution.
· Uu physical layer is not impacted.
· Negligible net impact on UE battery power consumption:
· Negative effect on UE power consumption due to additional measurements and reporting during the probing procedure. However, this is a rare event, typically few times per day see also [4], and it impacts only a limited number of UEs located only in the coverage cell(s) that is/are overlapping and/or neighbouring the dormant hot-spots.
· Positive effect on UE battery power consumption when compared to existing or other competing solutions for cell switch-on due to the avoidance of unnecessary switch-on of dormant cells and unnecessary handover ping-pong, and enable selecting the best dormant cell(s) to switch-on, which leads to better radio links and lower UE battery consumption.

	Backward compatibility
	The BS probing solution is backward compatible with Release 9 energy saving functions. The coverage cell instructs the hot-spot cells to perform probing (if enabled) otherwise a normal switch-on procedure can be executed and afterwards autonomous switch-off of the hot-spot cell can occur if conditions allow it. The measurements and reports used as input for the BS probing solution are supported by the legacy UEs.

	Complexity
	From implementation perspective the BS probing has low complexity. The switch on decision is based on simple counting/analysis of handover requests at the coverage cell or OAM).

	Potential ES gain
	The potential ES gain is high as the solution enables that best selection is made about which dormant hot-spot cells to switch-on and therefore avoiding unnecessary hot-spot switch on, handover ping-pong, etc. The limited additional measurements and reports at UE side during probing are compensated by this high accuracy.

	Specification impact
	The expected specification impact is as follows:
- RAN3 has to define the probing trigger.
- Whether SA5 has to define additional energy saving state (energy saving, compensating, and probing) is FFS.

	OAM impact
	The OAM impact is minimal via defining the hot-spot configuration (admission control threshold) during the probing interval. The operational effort is minimal as the solution is based on actual traffic conditions.

	eNB impact
	The eNB impact is minimal:
- At coverage cell (eNB) handling of handover requests towards probing hot-spot cells and counting of these events has to be implemented.

- At hot-spot cells (eNB) the probing mode has to be configured. 

	UE impact
	No standardisation and implementation impact on the UE.
Negligible impact on UE battery power as the solution is executed very few times per day and ensures that best dormant cell(s) is(are) switched-on.


3 Comparative analysis
3.1 Inter-RAT analysis

The following is an analysis of the proposed solutions as in [3] for switch-on of hot-spot cells in the Inter-RAT scenario i.e. the coverage is provided by a legacy UTRAN system while one or more e-UTRAN hot-spot cells are activated for capacity boosting purposes. Individual sub-sections explain the main disadvantages of individual solutions. The section is finalized with a comparison evaluation table.
3.1.1 OAM predefined low load periods solution

The energy saving gain of this solution is low due to unnecessary switch-on of hot-spot cells as it is based on statistical processing of historical data (instead of actual traffic) with limited actual validity, leading to inaccuracy of the selected (number of) hot spot activations and hence potential energy wastage.
Further, high operation effort is required by the network operator as the low load periods have to be defined and updated at certain events such as e.g. at weekends, beginning or end of holiday seasons, installation of new or upgrading existing sites, etc. 
3.1.2 IoT measurements solution

The feasibility of this solution in Inter-RAT scenario is low because:


- It is required that each e-UTRAN hot-spot cell is equipped with an uplink receiver from a legacy UTRAN network to perform IoT measurements. This implies most likely additional RF and antenna (e.g. due to different bands), which in turn is seen as economically infeasible and impractical.


- The increase of IoT level might be originated from terminals that are not supporting e-UTRAN access and therefore causing unnecessary switching on of hot-spot cells.

- In general the IoT measurements can lead to wrong switch-on decisions due to e.g. unknown (and variable) actual traffic asymmetry between downlink and uplink and low prediction accuracy of the load.

3.1.3 Positioning information solution

The feasibility of this solution in Inter-RAT scenario is low because:


- According to True Position web-page E-CID method has accuracy of 300 m to several kilometers, see: http://www.trueposition.com/web/guest/e-cid. The location accuracy of the Cell-ID/E-Cell ID approach is several hundred meters vs. the typical hot-spot radius of up to few hundred meters, which makes the switch-on decision highly unreliable.

- One fundamental property of radio networks in practice is that physical proximity to a particular cell does not correspond with radio coverage of that particular cell. Due to this property the solution requires detailed coverage maps for making the switch-on decisions, which is impractical. This also increases the overall complexity of the solution because next to the requirement of network nodes/functions for UE location determination and signaling exchange of the UE locations it is necessary that the network energy saving algorithm compares on-line the current UE locations with detailed coverage maps.

- As UE positioning is an optional feature in 3GPP networks, this solution is not applicable for networks without UE positioning feature enabled. 

3.1.4 Proposed comparison table
	Criteria
	Cell switch on/off based on centralized OAM decisions
	Cell switch on/off based on signalling across RATs; assistance for  switch on decisions base on:

	
	
	No assistance
	OAM Predefined ‘low load periods’ policies
	IoT measurements
	UE measurements
	Positioning information

	Feasibility
	Yes
	Yes
	Yes
	Disputable
	Yes
	Disputable

	Applicability
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Backward compatibility
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Complexity
	Low
	Low
	Low

	Additional UL receiver
	Low/Medium
	Medium

	Potential ES gain
	Low
	Low
	Low

	Low

	High
	Low

	Specification impact
	No
	No
	Not for RAN3

SA5 impact (?)
	Low

RAN3:

Reporting IoT measurements

SA5: 

IoT listening configuration (?)
	Low

RAN3:

Probing trigger messages

SA5:

Probing configuration (?) 
	Low

RAN3:

UE positioning retrieval

	OAM impact
	No
	No
	High operational effort
	Minor OAM impact and operational effort 
	Minor OAM impact and operational effort
	Impact on OAM system (on-line coverage maps) with high operational effort

	eNB impact
	No
	No
	No
	Yes (the additional UL receiver) and IoT measurement reporting
	Probing configuration at hot-spot
	UE positioning retrieval

	UE impact
	No
	No
	No
	No
	No
	No (if UE does not assist in positioning)


3.2 Inter-eNodeB analysis

The following is an analysis of the proposed solutions as in [3] for switch-on of hot-spot cells in Inter-eNodeB scenario i.e. the coverage and the capacity boost layer are provided by an e-UTRAN system. Individual sub-sections explain the main disadvantages of individual solutions. The section is finalized with a comparison evaluation table.
3.2.1 OAM predefined low load periods solution

The energy saving gain of this solution is low due to unnecessary switch-on of hot-spot cells as it is based on statistical processing of historical data (instead of actual traffic) with limited actual validity, leading to inaccuracy of the selected (number of) hot spot activations and hence potential energy wastage.

Further, high operation effort is required by the network operator as the low load periods have to be defined and updated at certain events such as e.g. at weekends, beginning or end of holiday seasons, installation of new or upgrading existing sites, etc. 
3.2.2 IoT measurements solution

The feasibility of this solution in Inter-eNodeB scenario is low because


- In general the IoT measurements can lead to wrong switch-on decisions due to e.g. unknown (and variable) actual traffic asymmetry between downlink and uplink and low prediction accuracy of the load.

3.2.3 Positioning information solution

The feasibility of this solution in Inter-eNodeB scenario is low because:


- According to True Position web-page E-CID method has accuracy of 300 m to several kilometers, see: http://www.trueposition.com/web/guest/e-cid. The location accuracy of the Cell-ID/E-Cell ID approach is several hundred meters vs. the typical hot-spot radius of up to few hundred meters, which makes the switch-on decision highly unreliable.


- One fundamental property of radio networks in practice is that physical proximity to a particular cell does not correspond with radio coverage of that particular cell. Due to this property the solution requires detailed coverage maps for making the switch-on decisions, which is impractical. This also increases the overall complexity of the solution because next to the requirement of network nodes/functions for UE location determination and signaling exchange of the UE locations it is necessary that the network energy saving algorithm compares on-line the current UE locations with detailed coverage maps.


- UE positioning is an optional feature in 3GPP networks. This implies that this solution is not applicable for networks without UE positioning feature enabled (both hardware component and software).
3.2.4 Proposed comparison table

	Criteria
	Cell switch on/off based on centralized OAM decisions
	Cell switch on/off based on signalling across RATs; assistance for  switch on decisions base on:

	
	
	No assistance
	OAM Predefined ‘low load periods’ policies
	IoT measurements
	UE measurements
	Positioning information

	Feasibility
	Yes
	Yes
	Yes
	Yes
	Yes
	Disputable

	Applicability
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Backward compatibility
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Complexity
	Low
	Low
	Low

	Low/Medium
	Low/Medium
	Medium

	Potential ES gain
	Low
	Low
	Low

	Low

	High
	Low

	Specification impact
	No
	No
	Not for RAN3

SA5 impact (?)
	Low

RAN3:

Reporting IoT measurements

SA5: 

IoT listening configuration (?)
	Low

RAN3:

Probing trigger messages

SA5:

Probing configuration (?)_
	Low

RAN3:

UE positioning retrieval

	OAM impact
	No
	No
	High operational effort
	Minor OAM impact and operational effort 
	Minor OAM impact and operational effort
	Impact on OAM system (on-line coverage maps) with high operational effort

	eNB impact
	No
	No
	No
	IoT measurement reporting
	Probing configuration at hot-spot
	UE positioning retrieval 

	UE impact
	No
	No
	No
	No
	No
	No (if UE does not assist in positioning)


4 Conclusions
The BS probing solution brings real enhancement of switching correct hot-spot cells for both inter-RAT and inter-eNodeB scenarios. It brings the most energy saving gains among all the candidate solutions, with minor/acceptable standardisation impact.

Based on the above analysis, it is proposed to insert the overview tables in Section 3.1.4 and Section 3.2.4 in the respective Inter-RAT and Inter-eNodeB sections in [3].
5 Text proposal
5.1.3
Evaluations and comparisons
	Criteria
	Cell switch on/off based on centralized OAM decisions
	Cell switch on/off based on signalling across RATs; assistance for  switch on decisions base on:

	
	
	No assistance
	OAM Predefined ‘low load periods’ policies
	IoT measurements
	UE measurements
	Positioning information

	Feasibility
	Yes
	Yes
	Yes
	Disputable
	Yes
	Disputable

	Applicability
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Backward compatibility
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Complexity
	Low
	Low
	Low

	Additional UL receiver
	Low/Medium
	Medium

	Potential ES gain
	Low
	Low
	Low

	Low

	High
	Low

	Specification impact
	No
	No
	Not for RAN3

SA5 impact (?)
	Low

RAN3:

Reporting IoT measurements

SA5: 

IoT listening configuration (?)
	Low

RAN3:

Probing trigger messages

SA5:

Probing configuration (?)_
	Low

RAN3:

UE positioning retrieval

	OAM impact
	No
	No
	High operational effort
	Minor OAM impact and operational effort 
	Minor OAM impact and operational effort
	Impact on OAM system (on-line coverage maps) with high operational effort

	eNB impact
	No
	No
	No
	Yes (the additional UL receiver) and IoT measurement reporting
	Probing configuration at hot-spot
	UE positioning retrieval

	UE impact
	No
	No
	No
	No
	No
	No (if UE does not assist in positioning)


6.1.3
Evaluations and comparisons
	Criteria
	Cell switch on/off based on centralized OAM decisions
	Cell switch on/off based on signalling across RATs; assistance for  switch on decisions base on:

	
	
	No assistance
	OAM Predefined ‘low load periods’ policies
	IoT measurements
	UE measurements
	Positioning information

	Feasibility
	Yes
	Yes
	Yes
	Yes
	Yes
	Disputable

	Applicability
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Backward compatibility
	Yes
	Yes
	Yes
	Yes
	Yes
	Yes

	Complexity
	Low
	Low
	Low

	Low/Medium
	Low/Medium
	Medium

	Potential ES gain
	Low
	Low
	Low

	Low

	High
	Low

	Specification impact
	No
	No
	Not for RAN3

SA5 impact (?)
	Low

RAN3:

Reporting IoT measurements

SA5: 

IoT listening configuration (?)
	Low

RAN3:

Probing trigger messages

SA5:

Probing configuration (?)_
	Low

RAN3:

UE positioning retrieval

	OAM impact
	No
	No
	High operational effort
	Minor OAM impact and operational effort 
	Minor OAM impact and operational effort
	Impact on OAM system (on-line coverage maps) with high operational effort

	eNB impact
	No
	No
	No
	IoT measurement reporting
	Probing configuration at hot-spot
	UE positioning retrieval

	UE impact
	No
	No
	No
	No
	No
	No (if UE does not assist in positioning)
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