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1. Introduction
In RAN 3 #70 meeting, several solutions were proposed for waking-up powered off eNBs to assist with offloading inter-RAT nodes or eNB cells providing main coverage [1]. These solutions are discussed further in this paper. Firstly, we provide some information about the location-based proposal in inter-RAT and inter-eNB scenarios (see references [2] and [8]). Secondly, the cell wake-up proposals are compared using metrics of interest to the cell wake-up application. Based on these discussions, some recommendations are presented in the conclusion.  
2.  Further discussion on the location-based cell wake-up proposal
In the location-based cell wake-up solution, the requesting node (e.g. the node providing the cell coverage) uses pre-configured neighboring eNB locations and locations of multiple connected mode UE to determine which inactive eNB cells to power on to best assist it offloading. An example of a call flow showing the location-based cell wake-up solution for an inter-RAT (UTRAN-EUTRAN) scenario is presented in Figure 1.
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Figure1. Call flow for Location-based Cell Wake-up Solution
In this figure, the requesting node uses proprietary algorithm based on the pre-configured eNB locations and UE locations  (which are determined using the Serving Mobile location Centre (SMLC)) to determine that eNB 1 is well suited in assisting the requesting node, hence, the “On request” is sent only to that eNB. Once eNB 1 is powered on, UEs (in idle or connected mode) are moved from the requesting node to eNB 1.  
2.1. Inter-RAT scenarios
In the inter-RAT scenario where the underlay network is a UTRAN, the UTRAN positioning architecture enables the RNC to use an internal location Service (LCS) client to request a UE’s location from the SMLC. The SMLC is an entity in the UTRAN that coordinates the UE location acquisition process. Upon the reception of a UE location request, the SMLC requests measurements from the UE and/or Node Bs, computes the location estimates and then forwards the location estimate to the RNC [3]. Further discussions on the UTRAN and GERAN positioning procedures and exemplary call flows are presented in the appendix, section 6.1. 
The UTRAN Standard supports four  UE positioning methods, namely the cell coverage method (also known as CELL_ID/Enhanced CELL_ID), the Observed Time Difference of Arrival (OTDOA), Uplink Observed Time Difference of Arrival (U-TDOA) and the  Assisted Global Navigation Satellite System (A-GNSS) [3] method. Among these methods, it seems to us that for the purpose of energy saving, the cell coverage method provides a suitable means to improve cell wake-up decisions, also thanks to its implementation simplicity, minimal impact on UE power consumption and user experience and legacy UE support. Further discussions on these advantages are presented in the appendix, section 6.2.
In general, the CELL ID method provides the cell information (Cell ID or service area or geographical co-ordinates) of the serving cell of the target UE. In order to determine more refined UE location within the cell, the E-CELL ID method combines the CELL ID with measurements such as CPICH RSCP, CPICH Ec/No, Round trip time (RTT), Path-loss, etc from the UE or Node B. In addition, the angle of arrival (AoA) information can be used to determine the sector where the UE is located. Most of these measurements are typical measurements made by the UE and the serving Node B and  therefore may already be available at the serving Node B so the UEs might not even be required to make additional measurements for location estimation. Furthermore, it is important to note that even if the UE is required to make measurements for location estimation, further processing and calculation of location estimate could be performed in the network (as part of  network-based/UE-assisted positioning method), thus ensuring very limited UE battery drain and processing demands.  

Based on the information presented above, we conclude that mechanisms for obtaining UE location in inter-RAT cell wake-up scenarios are currently supported by the standard-defined UTRAN and GERAN positioning procedures.  In addition, for improved accuracy and minimal UE impact, we arrive at the following conclusions:     

Conclusion 1: Cell coverage-based (CELL-ID/E-CELL ID) positioning method provides a suitable means to obtain UE location for cell wake-up purposes as proposed in [1].
· This method is characterized by implementation simplicity, minimal impact on UE power consumption and user experience and legacy UE support
· Network-based/UE-assisted positioning evaluation can be used in order to reduce the processing demands  and battery drain at the UE 
2.2. Inter-eNB scenarios

For the inter-eNB scenario, the EUTRAN positioning architecture does not currently support the eNB requesting a UE’s location because the LCS client is not located in eNB but in the MME, UE or external entity to the EUTRAN [6]. This feature can be supported with minima standard changes e.g. through the definition of two S1-AP messages for communicating the location requests and responses between the eNB and MME while the MME sends/receives the request/response to/from Enhanced-SMLC (E-SMLC) on behalf of the eNB (see Section 6.3 for more information on the UE positioning procedure with this proposed messaging). 
With the suggested modifications implemented, similar recommendations discussed in the UTRAN scenario can be applied to the inter-eNB scenarios. For example, the LTE cell coverage-based method (commonly known as the Enhanced Cell ID positioning method) is recommended over the other two EUTRAN positioning methods, the OTDOA and A-GNSS. 
2.3. Positioning accuracy and improvement
It is important to note that the accuracy of the cell coverage method which is typically in the range of hundreds of meters should be sufficient for the cell wake up application.  For improved accuracy of the eNB selection algorithm for both inter-RAT and inter-eNB scenario, it is recommended that multiple UE locations are used by the RNC in the selection process, in order to increase the statistical confidence.
Conclusion 2: In order to improve the cell wake-up selection accuracy, it is beneficial to take into account location of multiple UEs that are representative of the coverage cell.
3. Comparison of cell wake-up solutions
In Table 1, six cell-wake solutions (outlined in Section 5.1.2.2 of [1]) are compared using the following criteria: eNB cell wake-up energy consumption, reliability, signalling, wake-up delay, UE involvement, Standard impact, support for Inter-RAT and Inter-eNB scenarios, etc
In comparing the solutions, it is assumed that there are N powered off eNBs in the neighborhood of the inter-RAT RAN node/eNB providing coverage. Out of the N eNBs, M eNBs are useful in offloading the coverage cell. It is also assumed that each solution selects W out of N eNBs to be woken-up and W varies from one solution to another. In comparing the solutions, “LOW”, “MEDIUM” and “HIGH” are used as qualitative comparative measures.
 Note that Solution 5 is not compared in the Table 1 because from our understanding, the solution does not really propose a strategy for waking-up cells but mainly addresses the deactivation of those cells that are not useful.
Table 1:  Comparison between cell wake-up solutions
	Solutions
	Solution 1

(load period-based)
	Solution 2

(Neighboring cell  Activation)
	Solution 3
(IoT-based)
	Solution 4

(Probe-based)
	Solution 6
(Location-based)

	Description
	Use low load period information obtained from the eNB’s traffic profile to select which eNBs to activate.
	Activate dormant neighbouring eNBs around the coverage cell cluster and deactivate unused ones after a certain period.
	Use IoT uplink measurements from sleeping eNBs (and at times RSRP measurements from the UE) to select eNBs to activate.
	Candidate eNBs for activation transmit probes to be measured by UE and reported to coverage cell.
	Use location information of inactive eNBs and active UEs to select which eNBs to power on.



	ENB cell wake-up energy consumption      - The energy consumption of the sleeping eNBs due to  the particular cell wake-up process
	Low because low load-periods are pre-defined,  sleeping eNBs are kept inactive until cell wake-up selection is made 
	High because many neighboring sleeping eNBs are turned on even if these eNBs are not useful.
	Medium because uplink receivers of the inactive eNBs are activated for taking IoT measurements.
	Medium/High because many sleeping eNBs are turned on to transmit probes.
	Low because none of the sleeping eNBs are not turned on during location acquisition.

	Reliability
 - Capability of each solution to select the M eNBs that are most useful in offloading the coverage loaded cell
	Low because the low load periods/traffic profiles are statistical information and might not always be applicable to the actual traffic distribution experienced at the coverage cell.
	High because if many neighboring cells are turned on, there is a high probability that at least one can assist with offloading
	Low/Medium because IoT measurements are typically unreliable in predicting load distribution [9].
	High since only cells reported as accessible (based on good RF signal strength) by UEs are considered for cell wake-up.
	Medium/High because location information helps the selection of the correct eNBs to be activated, with sufficient accuracy. 

	Signalling
- Amount of signalling messages required for the eNB selection and cell wake-up process
	Function of            - Signaling for waking up W cells (2W msg -Req. & Res.)

                             ≈  2W,
 where W ≤ N
	Function of            - Signaling for waking up W cells (2W msg - Req. & Res.)

                       ≈  2W,
 where W = N
	Function of               - Signaling for waking up W cells   (2W msg - Req. & Res.)         -  Signalling associated with IoT meas.(2W msg - Req &Res)                                    

                           ≈  4W,
 where W ≤ N
	Function of                          -Signalling for waking up W cells (2W msg – Req & Res)                                       - Signalling for probe transmission by eNBs. (3 N messages - Req., Res. and probe trx)                                  - Signalling for UE measurements reporting. (2U msg – Req. & Res.)             

≈  2W+3N+2U,
 where W ≤ N and U is the number of UEs taking measurements  
	Function of               - Signalling for waking up W cells (2W msg - req. & res.)                          - Signalling for UE location acquisition (2U msg –loc. meas. Req. & Res. Cell coverage method is assumed)                           

                                ≈  2W + 2U,                      

where W ≤ N and U is the number of UE location requested  

	Standard impact
	Communication and coordination of load periods /traffic profiles 
	None
	IoT measurement procedure 
	Probe transmission and measurement procedure   


	No impact for Inter- RAT, S1-AP message required for inter-eNB         


Based on the analysis in Table 1, we note the following: 

·  solutions 1 and 6 incur no additional eNB power consumption because they do not require to turn on eNB components for teh sake of wake-up cell selection
·  solutions 4 and 6 show high reliability because use metrics that reflect the actually load and user distribution. Solution 2 is also highly realible as it conservatively turns on neighboring cells around the coverage cell cluster, but at expense of higher energy consumption.
·  solutions 1 and 2 require the least amount of signaling because no eNB/UE measurements are required during the wake-up process, while some signaling is needed for teh other solutions.  

·  in terms of standard impact, all solutions exception solution 2 seem to require some standards support for the co-ordination/implementation of the various measurement procedures, with different impact.

In general, although, there is no solution that clearly outperforms the others, Solution 6 preserves energy savings at the eNB, is relatively reliable, requires minimal UE involvement, supports inter-RAT scenarios and requires minimal standards impact to support inter-eNB scenarios.   

Based on the above analysis and conclusions, we recommend to include Solution 6 in [1] for effective cell wake-up: 

Proposal 1: It is recommended to include location-based solutions for effective cell wake-up, for both inter-RAT and inter-eNB scenarios. 
·  In order to enable the eNB to request a UE location in an inter-eNB scenario, it is recommended to define S1-AP location request and response messages between the eNB and MME.
4. Conclusion

In this paper, we presented further clarification about the location-based cell wake-up proposal. In particular, the standard’s support for UE positioning procedures for the inter-RAT and inter-eNB procedures were discussed leading to teh following conclusions:   
Conclusion 1: Cell coverage-based (CELL-ID/E-CELL ID) positioning method provides a suitable means to obtain UE location for cell wake-up purposes as proposed in [1].
· This method is characterized by implementation simplicity, minimal impact on UE power consumption and user experience and legacy UE support
· Network-based/UE-assisted positioning evaluation can be used in order to reduce the processing demands  and battery drain at the UE 

Conclusion 2: In order to improve the cell wake-up selection accuracy, it is beneficial to take into account location of multiple UEs that are representative of the coverage cell.
In addition, the various proposed cell wake-up solutions were compared using several metrics of interest to the cell wake-up scenario. Based on these discussions, we propose the following recommendations:
Proposal 1: It is recommended to include location-based solutions for effective cell wake-up, for both inter-RAT and inter-eNB scenarios. 

·  In order to enable the eNB to request a UE location in an inter-eNB scenario, it is recommended to define S1-AP location request and response messages between the eNB and MME.
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6. 
Appendix
6.1. Obtaining UE location in inter-RAT scenarios 

In order to obtain UE location information in the GERAN or UTRAN, there are two major entities involved in the process, the location service (LCS) client and the server.  The LCS client is the entity in the cellular network tasked with requesting the UE’s location from the network while the server coordinates the process of obtaining the location (e.g. taking measurements and calculating the location estimates) and responding back to the LCS client. The LCS server is typically embedded in the GERAN/UTRAN (otherwise known as the Serving Mobile location Centre (SMLC)). Unlike the LSC server, the LCS client can be embedded in the GERAN/UTRAN (e.g. in the MSC, SGSN and RNC), in the UE or in an entity external to the cellular network. . 

For our inter-RAT scenario of interest, for example, where an RNC desires to turn on powered off eNBs to assist with offloading, it is most effective that the UE location request is sent from the RNC to the SMLC. This is currently supported in the UTRAN standards through the location of an LCS client in the RNC [3]. In addition, the SMLC may also be collocated with the RNC in an RNC centric positioning architecture, this architecture reduces the delay and signalling associated with the UE positioning procedure. It is important to note that apart from the RNC centric architecture, the standard also supports the standalone SMLC (SAS) centric architecture where the SMLC is a separate entity in the RAN network from the RNC.  

In Figure 2, a call flow diagram showing the RNC obtaining UE location in an RNC Centric mode is presented. The Serving RNC (SRNC) in the figure consists of three modules, the SMLC, LCS client and the “RNC” which is the module performing the regular RNC functions. The LCS client module in the SRNC starts the UE positioning process by sending a location request to the SMLC. Once the SMLC receives the location request and collects the necessary info for measurements from the UTRAN, UE or Node B measurements are triggered by the SMLC sending UE/Node B measurement request to the RNC module. The RNC then uses RRC measurement control message to instruct the UE to take measurements. Similarly, the RNC also could instruct the serving Node B to obtain measurements. The UE performs the requested measurement and sends them to the RNC using the RRC measurement report message; these measurements are then forwarded to the SMLC. Measurements from Node Bs also sent to the RNC and are also forwarded to the SMLC. With the measurements obtained from the Node B and UE, the SMLC calculates the location estimate using one or more of the positioning methods defined in the standard e.g. the cell coverage-based (CELL ID/Enhanced CELL ID), the Observed Time Difference of Arrival (OTDOA), Uplink Observed Time Difference of Arrival (U-TDOA) or the Assisted Global Navigation Satellite System (A-GNSS) [3]. The location estimate alongside with its accuracy, if available, is then sent to the LCS client in the SRNC. 
Note that the type of measurements that is requested from the UE and Node B are a function of the positioning method. For example, for the E-CELL-ID method, a UE can be requested to measure the serving cell’s CPICH RSCP while for the A-GNSS method, the UE could be instructed to report the carrier to noise ratio from the satellites specified in the “assistance data” (the “assistance data” is information signalled from the network to the UE to assist the UE in taking measurements on satellites e.g. the number and IDs of Satellites, their Doppler information and search window width, etc.). The assistance data gathering from the UTRAN is coordinated by the SMLC and signalled to the UE with RRC signalling through the RNC. Assistance data is also used in the OTDOA positioning method.
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Figure 2. Call Flow for UMTS UE Positioning Procedures using the RNC Centric Mode

6.2. Why cell coverage-based UE positioning method
Although any of the standard defined UTRAN UE positioning method (Cell coverage-based (CELL ID/Enhanced CELL ID), OTDOA, U-TDOA or A-GNSS) can be used in deriving the UE location, it is recommended that the cell coverage-based method be used for the following reasons: Implementation simplicity, minimal UE power consumption, minimal impact on user experience and legacy UE support.
Implementation Simplicity - The CELL ID method returns the cell information (Cell ID or service area or geographical co-ordinates) of the serving cell of the target UE. In order to determine more refined UE location within the cell, the E-CELL ID method combines the CELL ID with measurements such as CPICH RSCP, CPICH Ec/No, Round trip time (RTT), Path-loss, etc from the UE or Node B. In addition, the angle of arrival (AoA) information can be used to determine the sector where the UE is located. These measurements are typical measurements made by the UE and serving Node B. In contrast, other positioning methods require measurements to be taken by UE from multiple entities or multiple entities taking UE measurements. For example, measurements from at least three Node Bs in the UE’s active and monitored sets are required by the OTDOA method while the A-GNSS also require measurements from multiple Satellites. Likewise, the U-TDOA requires measurements to be taken by at least four location Measurement Units (LMUs) [3]; in general, the complexity and cost associated with deploying and coordinating these LMUs are much higher than those associated with supporting location estimation with the cell coverage-based method.
· Minimal UE Power Consumption - Minimal power drain is incurred at the UE with cell coverage method because no other measurements other than the regular RRC measurements are requested and in certain scenarios, these measurements may already be available at the UE. In those cases, no UE power consumption is incurred in obtaining the UE’s location. The CELL ID/E-CELL ID method requires the least power consumption when compared with other methods such as O-TDOA/A-GNSS where the UE is required to make measurements from multiple Node Bs using its cellular receiver and/or multiple Satellites using a GPS receiver.  For the U-TDOA method, significant power consumption is incurred at the UE due to uplink transmissions of packets that are measured by the LMUs and used in obtaining the location estimates.
· Minimum impact on User experience - The Cell ID/E-CELL ID method requires little to no UE interruption due to the measurements required. However, positioning methods such as the OTDOA requires the UE to make measurements only during idle periods or when the Node Bs have been synchronized. This could impacts the communication efficiency of the UE and the Node Bs involved. Similarly, the A-GNSS method requires that the UE activate its GPS receiver and transfer information from/to the cellular receiver during measurements. This could potentially impact ongoing transmission at the UEs. The U-TDOA method might have minimal impact on user experience when the UE is in CELL_DCH with ongoing transmission since the uplink DPCCH/DPDCH can be measured by the LMUs. Otherwise, if the UE is in CELL FACH with limited data activity, the UE might be forced to make uplink transmissions.   

· Legacy UE Support - Since the UE measurements are requested and reported using standard RRC messages so no additional positioning protocol is required by UEs to support the cell coverage method. Therefore, the cell coverage method is likely supported in most networks. On the other hand,  the other positioning methods which require special protocols and/or  hardware in the handsets are less likely to be supported 
6.3. Obtaining UE location in inter-eNB scenarios 

Similar to the discussions on the UTRAN UE positioning procedure presented in Section 6.1, the two major entities, the LCS client and server are also required for UE positioning in the EUTRAN. In the EUTRAN, the LCS server is implemented as a standalone server known as the enhanced serving location center (E-SMLC).  Unlike the E-SMLC, the LCS client can be located in the MME, in an entity external to EUTRAN or in the UE.  For our cell wake-up application of interest, the requesting node is the eNB, therefore, the most effective implementation in terms of signalling and delay is when the eNB requests the UE location. Although, this is currently not supported in the standards, there are certain modifications that can be made to support this feature with minimal standard impact. One of such modification requires that the LCS client remains in the MME but new S1-AP “location request” and “location response” messages can be defined to carry location request and responses between the eNB and MME, thus requiring changes only in RAN3. This solution was previously proposed in [7]. 
With the proposed changes implemented, the eNB can request UE location from the E-UTRAN using the call flow in Figure 3[6].  As shown in Figure 3, once the MME receives the location request from the eNB, it initiates the location positioning request for the UE from the E-SMLC. After the reception of a location request for a target UE, the E-SMLC initiates the eNB procedures in order to gather assistance data from eNBs (e.g. for the downlink method otherwise, known as OTDOA) or to instruct the eNBs to perform positioning measurements for a target UE (e.g. in the E-CELL-ID). The messages communicated between the E-SMLC and the eNB are carried using the Location Positioning Protocol annex (LPPa) which is communicated via the MME. The messages are terminated at the eNB and the E-SMLC, therefore, although, the messages are routed through the MME, they are transparent to the MME.   

Once the assistance data is gathered, the E-SMLC can then initiate UE procedures which include requesting measurements from the UE and the delivery of assistance data to UE if required. The UE takes measurement and sends the measurements in a response message to the E-SMLC. Note that the measurement request, response and assistance delivery messages are communicated using the Location Positioning Protocol (LPP) between the E-SMLC and the UE. Although, the messages are routed through the eNB and MME, however, the messages are transparent to these nodes. 

Once the E-SMLC obtains the measurements, it calculates the location estimate (assuming network-based/UE-assisted solution) and sends a location response with the location estimate to the MME. The MME eventually forwards the location estimate to the requesting eNB. 
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Figure 3. Call Flow for E-UTRAN UE Positioning Procedures with Location Request from eNB 
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