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1.  Introduction
In RAN3 meeting #71, the cell wake-up proposals were compared and ranked against each other using evaluation agreed upon criteria in the Technical Report (TR) 36.927 [1]. To facilitate the conclusion of the study, we further analyze the positioning method against some of the criteria listed in the TR and provide recommendations.
2.  Discussion on cell wake-up based on positioning method
For cell wake-up applications in inter-RAT and inter-eNB scenarios, the proposed positioning method aims at selecting the powered-off eNBs that can best assist in offloading the overloaded coverage layers. For this selection, the positioning method relies on the location information of active UEs on the coverage cells and on cell coverage information of the powered-off hotspot nodes that can be retrieved with network-centric approaches.

Based on the evaluation in the TR, the positioning method has been found to be feasible, applicable and also backward compatible [1].  To help clarify the performance of this solution when evaluated using other criteria like Potential energy savings, OAM impact, Specification impact and UE impact, we present some additional analysis in this section.
1. Potential Energy Savings

This criterion captures the ability of a proposal to maximize the hotspot eNB energy savings by waking up the optimal eNBs while minimizing the eNB energy consumption during the selection.  
The positioning method is expected to provide significant eNB energy savings with fairly accurate estimates of the eNB cell coverage information and active UE location. In most cell wake-up applications scenarios, we expect the accuracies of the UE location from techniques such as E-Cell ID method, and the cell coverage information configured by OAM to be sufficient enough to harness these eNB savings. 
When significant errors in either UE location or cell coverage occur, this may lead to turning on wrong cells or more cells than are required and some additional mechanisms can be used to address the possible issues. Detailed information about these mechanisms is discussed below.  
Improving the Reliability of UE location - UE location estimates with significant errors can be identified by using the standard-defined UE location accuracy parameter sent along with the UE location estimate [5]. When the desired UE location accuracy is not achieved, a request for more location measurements can be triggered to improve the accuracy or change to/combine with other standard-defined UE positioning methods with better accuracy such as AGNSS and OTDOA. After that, if the desired location accuracy is still not met, then more hotspot eNBs than required can be selected around the target area to assist the coverage cells. Out of these cells, the ones that are later found not to be useful are deactivated with the timer-based trigger as described in [4]. Note also that multiple UE locations are aggregated and used in estimating the user traffic distribution on the coverage cells, hence, increasing the statistical confidence. 
 Improving the Reliability of the Cell Coverage Information- In our proposal, the OAM configures the eNB cell coverage information using readily available information such as the eNB location, transmit power, cell radius and possible simple coverage prediction information.  In particular cases where more detailed information is required, the accuracy can be increased with additional cell coverage information based on prediction maps and/or collected measured data. 
Conclusion 1- The positioning method shows significant potential for maximizing eNB energy savings because redundant cells are activated only in scenarios with significant errors, which are more the exception case. Moreover, those extra cells are deactivated shortly afterwards with a timer-based trigger. 
2. Specification Impact 
The positioning method supports cell wake-up in inter-RAT scenarios without any specification impact. The inter-eNB scenarios can be supported without specification changes using the cell identity, though accuracy may be limited. However, if coverage eNBs were able to request UE location from the E-SMLC when needed, the reliability and availability of the UE location, and adoption of the positioning method would be greatly improved. Hence, we propose the definition of S1-AP messaging for communicating location request and response between the eNB and MME [2, 3 and 6]. Defining these new messages is a minimal change to the current protocol specifications and does not present particular issues, harmonizing the specification with UMTS.
Conclusion 2 – The positioning method supports inter-RAT scenarios without specification changes and proper support for inter-eNB scenarios requires only the definition of S1-AP location messages.

3. UE Impact
The recommend E-CELL ID method does not require additional UE support. However, if other standard-defined positioning methods (e.g. AGNSS, OTDOA) are available on the handsets, they can be used to improve the reliability of the UE location.  We note that handsets with advanced positioning capabilities are becoming prevalent in most countries due to increasing regulatory requirements for location-based services such as the E911-emergency services in the USA.  

Conclusion 3 – With the E-CELL ID UE positioning technique, legacy UEs are well supported by the positioning method.  Handsets with other positioning methods (like e.g. AGNSS ) can use them to further improve the location accuracy. 

Overall, the positioning method provides high potential for energy savings gain, is relatively reliable, has minimal OAM, eNB and UE impacts, supports inter-RAT scenarios and requires minimal standards impact to support inter-eNB scenarios.   
3. Conclusion

In this paper, using some of the criteria in the TR, we provided some analysis for the positioning method in inter-RAT and inter-eNB scenarios. Based on our analysis, we conclude the following:

Conclusion 1- The positioning method shows significant potential for maximizing eNB energy savings because redundant cells are activated only in scenarios with significant errors, which are more the exception case. Moreover, those extra cells are deactivated shortly afterwards with a timer-based trigger. 

Conclusion 2 – The positioning method supports inter-RAT scenarios without specification changes and proper support for inter-eNB scenarios requires only the definition of S1-AP location messages.
Conclusion 3 – With the E-CELL ID UE positioning technique, legacy UEs are well supported by the positioning method.  Handsets with other positioning methods (like e.g. AGNSS ) can use them to improve the location accuracy. 

Based on our analysis, we recommend the following to RAN3:  

Proposal 1 – It is proposed to recommend for standardization the positioning method as one of the solutions to be used for cell wake-up in both inter-RAT and inter-eNB scenarios, as conclusion of the TR.

Proposal 2 – It is proposed to define S1-AP location request and response messages between the eNB and MME to support the positioning method in inter-eNB scenarios.
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