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1. Introduction
In RAN 3 #70bis meeting, the criteria for comparing the cell wake-up solutions for both inter-RAT and inter-eNB scenarios were agreed upon [1]. In this paper, we use these criteria to compare the proposed cell wake-up solutions and make recommendations for future consideration.
2.  Comparison of cell wake-up solutions
In Table 1, the cell wake-up inter-RAT and the cell inter-eNB solutions (outlined in Sections 5.1.3 and 6.1.3 of the TR [2]) are compared using the criteria presented in [1, 2].  
Table 1:  Comparisons between cell wake-up solutions
	Criteria
	Cell switch on/off based on signalling across RATs; assistance for  switch on decisions base on:

	
	No assistance    (Same as Baseline Rel.9 in  Inter-eNB scenario)
	OAM Predefined “low load” periods policies
	IoT measurements
	UE measurements
	Positioning Information

	Feasibility
	Feasible
	Feasible
	Feasible
	Feasible
	Feasible

	Applicability
	 Applicable
	Applicable
	Applicable
	Applicable
	Applicable

	Backward compatibility
	Yes (applies to inter-eNB scenarios)
	Yes (applies to inter-eNB scenarios)
	Yes (applies to inter-eNB scenarios)
	Yes (applies to inter-eNB scenarios)
	Yes (applies to inter-eNB scenarios)

	Complexity
	1. Calculations 
None 
2. Equipment 
None
3. Signalling  

  Low 
                                      (See Appendix for details)
	1. Calculations

2. Coverage cells search through configured load profiles.                 Equipment 

None
3. Signalling  

  Low 
                                                  (See Appendix for details)
	1. Calculations

· Coverage cells compare reported IoTs with thresholds.
2. Equipment 

3. - UTRAN/GERAN receivers in the eNBs (simple RF receivers without decoding capability can be used)    Signalling  

Medium
                               (See Appendix for details)
	1. Calculations

-Coverage cells gather measurement info. from UEs and handover/session initiation/LA/RA requests from eNBs.
2. Equipment 

None

3. Signalling  

High

(See Appendix for details)
	1. Calculations

· Coverage cells compare UE locations with eNB locations and coverage.      
2. Equipment 

None

3.  Signalling  

Medium 
(depends on the positioning method)           

See Appendix for details)

	Potential ES gain
	Low because many neighbouring sleeping eNBs are turned on even if these eNBs are not useful.
	High because low load-periods are pre-defined,  sleeping eNBs are kept inactive until cell wake-up selection is made
	Medium because uplink receivers of the inactive eNBs are activated for taking IoT measurements.
	Low/Medium because many sleeping eNBs are turned on to transmit probes.
	High because none of the powered off eNBs is turned on during location acquisition.

	Specification impact
	Messaging
Inter-RAT messaging for waking up sleeping eNBs.
Procedure Definition

None
	Messaging

Inter-RAT messaging for waking up sleeping eNBs.    
Procedure Definition

None
	Messaging

-Inter-RAT messaging for waking up sleeping eNBs.
-IoT request/response
Procedure Definition

-  for IoT measurement and reporting 
	Messaging

-Inter-RAT messaging for waking up sleeping eNBs.
- Probe transmission request/response.   

                                                      Procedure Definition

- Probe transmission and measurement procedure. 

	Messaging

-Inter-RAT messaging for waking up sleeping eNBs.

-S1-AP message required to support acquisition of UE location in inter-eNB scenario.   
  Procedure Definition

Procedure for communicating S1-AP messages for location request in inter-eNB scenarios 

	OAM impact
	Parameter configuration at the coverage cells e.g. configuration of neighbouring eNBs that are candidates for assisting with offloading.
	Parameter configuration at the coverage cells e.g.        - configuration of neighbouring eNBs that are candidates for assisting with offloading

 - configuration of neighbouring eNBs’ “low load” periods.
	Parameter configuration    at the coverage cells e.g. neighbouring eNBs that are candidates for  taking IoT measurements 

Parameter configuration at the eNBs e.g. configuration of the listening duration at the eNBs.
	Parameter configuration at the coverage cells e.g. configuration of neighbouring eNBs that are candidates for assisting with offloading

Parameter configuration for the probing procedure at the eNBs e.g. configuration of “probing” interval at the eNBs.
	Parameter configuration at the coverage cells e.g.                          - configuration of neighbouring eNBs that are candidates for assisting with offloading

 - configuration of neighbouring eNBs’ locations/coverage information. 

	eNB impact
	None
	None
	Inter-RAT scenarios

- GERAN/UTRAN receivers are required for making IoT measurements.  
Inter-RAT & Inter-eNB scenarios
-Modules to support IoT measurement and reporting
	Inter-RAT & Inter-eNB scenarios

- Modules at the eNBs to support transmitting reference signals (probes) to the UE during the probing interval.
- Modules at the eNBs to support eNBs rejecting and recording number of LA/RA updates from idle UEs and handover/session initiation requests from connected mode UEs.
	Inter-eNB scenarios
-eNB support of S1-AP location request/response message is required. 

	UE impact
	None
	None
	None
	None
	None


2.1. Analysis and discussion

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

· Feasibility/Applicability/Backward Compatibility- All solutions in Table 1 fulfil feasibility, applicability and backward compatibility requirements for inter-RAT and inter-eNB scenarios. 
· Complexity- 
The cell wake solutions require minimal complexity in terms of calculations, equipment and signalling associated, with the exception of the  IoT measurement solution (which in Inter-RAT scenarios would require additional UTRAN/GERAN receivers at the eNB that are normally not present) and  the UE measurement solution (that would require significant additional  signalling than the other solutions).
· Potential Energy Savings - Whilst the “OAM predefined low load periods policies” and the “Positioning” solutions incur no eNB power consumption because no eNB is switched on during the selection of the wake-up cells, all other solutions require the activation of the eNBs for effectively select cells assisting the offload. 
· .Standards Impact – For inter-RAT scenarios, all the solutions require new inter-RAT message for communicating the cell wake-up messages between the coverage cells and the eNB. In addition, the IoT and the UE measurements solutions might require new messages and procedure definition for both inter-RAT and inter-eNB scenarios. In order to support the location service (LCS) client in inter-eNB scenarios, the positioning solution requires S1-AP messages between the eNB and the MME [4] and definition of procedures on how to use the messages. 
· OAM Impact – For inter-RAT and inter-eNB scenarios, the “OAM predefined low load periods policies” and positioning solutions require additional configuration of the eNB load profiles and location/coverage information, respectively.  Additional parameter configuration at the eNBs is required by the IoT and the UE measurements solutions to support their measurement procedures.    
· eNB Impact – Most of the solutions do not impact the eNB, except for the IoT and UE measurements solutions where the eNB have to make IoT measurements or transmit probes and gather information about requests from UEs. For the positioning method, the eNB also needs to support S1-AP location messages in inter-eNB scenarios. 
· UE Impact – Depending on the particular positioning method used, UE support for positioning capability may be required.

2.2. Additional considerations

In addition to the criteria defined in [2], two additional criteria which are also significant for the overall evaluation of cell wake-up scenario, namely “reliability” and “cell wake-up delay”, are defined as follows:

· reliability is the capability of each solution to include the eNBs that are most useful in offloading the coverage loaded cell in the subset of cells selected for wake-up. It is important that these solutions are not overly aggressive in eNB selection because then too few useful eNBs might be selected. On the other hand, if the solutions are too lax in selecting eNBs, then most of the useful eNBs and other eNBs that are not useful might be selected at the cost of eNB energy savings (a criterion discussed in Table 1.) 
· cell wake-up delay is the period of time from when the coverage cell starts eNB wake-up process until the selected eNBs are powered on.  It is desirable to have shorter cell wake-up delay because otherwise, the coverage cells could become overloaded and start dropping packets or rejecting UEs requests, which would eventually lead to poor performance on the network.
 Table 2: Comparison of cell wake-up solutions using additional criteria

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

	
	No assistance      (Same as Baseline Rel.9 in  Inter-eNB scenario)
	OAM Predefined “low load” periods policies
	IoT measurements
	UE measurements
	Positioning Information

	Reliability
 
	High because if many neighbouring cells are turned on, there is a high probability that at least one can assist with offloading
	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.
	Low/Medium because IoT measurements are typically unreliable in predicting load distribution.
	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. 

	Cell Wake-up Delay 
	Function of                 - cell wake-up request /response   

                            Low Delay
	Function of                        - cell wake-up request /response 
                                     Low Delay
	Function of                   - IoT measurement     - cell wake-up request /response  
Medium Delay
	Function of                          - probe transmission and  measurements  - cell wake-up request /response
                            Medium Delay
	Function of                    - location acquisition delay                              - cell wake-up request /response      

                        Low/Medium Delay


From Table 2, we note:

· Reliability – UE measurements and positioning methods are ranked “HIGH” because the solutions use metrics that reflect the actually load distribution and eNB location to select which eNBs to turn on. The “no assistance” solution is also ranked “HIGH” because this solution conservatively turns on neighbouring cells around the coverage cell cluster and therefore, there is a high probability that the required eNBs would always be turned on. This is however, at the cost of higher eNB energy consumption. For more information on the sources of inaccuracies which influences the reliability of each solution, see discussion in [3].  
· Cell wake-up delay – the “no assistance” and “OAM predefined low load period policies period” solutions require the least delay because no eNB/UE measurements are required during the wake-up process. As expected, the solutions that require eNB or UE measurements incur more delay.  
Proposal 1 – It is proposed to RAN3 to take the analysis in section 2 into account for the evaluation of the cell wake-up solutions.

Proposal 2 – It is proposed to include the two additional criteria presented in Table 2 in evaluating cell wake-up solutions.

3. Further Discussion on the positioning method
The positioning method proposed for energy saving consists in assessing the eNBs to be switched on by estimate of the location of users currently generating traffic. Both user accessibility and backward compatibility are granted and the method does not impact the Uu physical layer or UE power consumption.  In particular, with the recommended E-Cell ID positioning method  [4], active UEs potentially queried for location estimate are already in connected mode so that in case additional measurements are needed to improve the accuracy of the location, the power consumption impact to obtain and report them is minimal. 
As discussed in section 2.2, the positioning method preserves the eNB energy savings and is highly reliable in selecting eNBs because the UE location and eNB location are considered in selecting the cells to wake-up. The reliability of this positioning is a function of the positioning method used. The E-cell ID method refers to positioning methods that combines the serving cell ID with measurements such as RTT, AoA, TA, RF measurements, etc. in order to estimate a UE location. The accuracy of the E-cell ID method is typically on the order of hundreds of meters [4]. The E-cell ID method should not be confused with the basic cell ID method uses just serving cell ID and hence has accuracy on the order of the cell size (typically 100m to few kilometers). In addition, the standard defined positioning procedure supports the reporting of the accuracy of a UE location estimate or an indication of whether the requested location accuracy was achieved or not. For cell wake applications, this reported location accuracy can be used to refine the location methods or the cell wake-up algorithm. For example, if the reported location accuracy is low, this could act as trigger to request more measurements to improve the accuracy or it could even trigger a non-aggressive eNB selection method where more eNBs are selected to assist the coverage cells. Low location accuracy could also trigger a change to/combination with other positioning method such as AGNSS and OTDOA with better accuracy typically, on the order of tens of meters.
As aforementioned, the eNB/Specification impact requires the standardization of S1-AP messaging for communicating location request and response between the eNB and  MME, for the inter-eNB scenario. Such client is already available in UMTS, while for LTE it can be added with minimal impact on the specification. 
The OAM configuration effort is quite limited as only eNB locations, transmit power and cell radii information at the coverage cells, which are typically present already. 
With the E-CELL ID location method, no additional UE support is required. However, if other positioning methods are used, then positioning support for these methods are required on certain fraction of handsets. We note that due to increasing regulatory requirements for location services such as emergency location services like E-911 for USA, handsets with positioning capabilities are becoming prevalent in most countries.   Overall, the position method is feasible, requires minimal implementation complexity, and provides high potential for energy savings gain, is relatively reliable, has minimal eNB, UE and OAM impact, supports inter-RAT scenarios and requires minimal standards impact to support inter-eNB scenarios.   
Proposal 3 – It is proposed to consider for standardization the support for positioning method in inter-eNB scenarios.

4. Conclusion
In this paper, we compared the cell wake-up solutions for the inter-RAT and inter-eNB scenarios and provided the following recommendations:  

Proposal 1 – It is proposed to RAN3 to take the analysis in section 2 into account for the evaluation of the cell wake-up solutions.

Proposal 2 – It is proposed to include the two additional criteria presented in Table 2 in evaluating cell wake-up solutions.

Proposal 3 – It is proposed to consider for standardization the support for positioning method in inter-eNB scenarios.
5. 
References

[1] R3-110376, “CMCC, Huawei, ZTE, Motorola Solutions, CATT, KPN, TNO, Alcatel-Lucent, Samsung, Nokia Siemens Networks, Mitsubishi Electric, CHTTL.
[2] 3GPP TR 36.927 v 1.0.1, “Potential Solutions for Energy Saving for E-UTRAN”, Rel. 10
[3] R3-110162, “Coping with Inaccuracies of Cell Wake-up Solutions Using Timer-based Deactivation”, Qualcomm Incorporated.
[4] R3-110161, “Clarification and Comparison of Cell Wake-up Solutions” Qualcomm Incorporated.
6. 
Appendix
In the section, we present a comparison of the signalling load associated with each cell wake-up solution. The signalling across the Uu, Iu S1, X2 and other interfaces are included.
In the signalling comparison presented in Table 3, it is assumed that there are N powered off eNBs in the neighbourhood 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. For solutions that require UEs to take measurements on the eNBs, it is assumed that there are U UEs making such measurements. In addition, for the UE measurement based solution where UEs might send LA/RA /session initiation requests to the eNBs, the number of such UEs is assumed to be T. 

Table 3:  Signalling comparison of cell wake-up solutions 

	Criterion
	Cell switch on/off based on signalling across RATs; assistance for  switch on decisions base on:

	
	No assistance    (Same as Baseline Rel.9 in  Inter-eNB scenario)
	OAM Predefined “low load” periods policies
	IoT measurements
	UE measurements
	Positioning Information

	Signaling
	Function of                          - Signalling for waking up W cells (2W msg      
- Req. & Res.)

≈  2N,

 where N = W
	Function of                          - Signalling for waking up W cells (2W msg -Req. & Res.)

≈  2W,

 where W ≤ N
	Function of                  - Signalling 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.)                - Signalling for UEs LA/RA/Session initiation/handover updates. (2T msg – Req. & Res.)             

≈  2W+3N+2U + 2T,

 where W ≤ N and U is the number of UEs taking measurements, T is the number of UEs sending requests to eNBs.  
	Function of                   - Signalling for waking up W cells (2W msg - req. & res.)                            - Signalling for UE location acquisition (4U msg –loc. meas. Req. & Res. Cell coverage method is assumed, including reporting to RNC/CN)                           

≈  2W + 4U,                      

where W ≤ N and U is the number of UE location requested.   Note the enhanced cell ID method is assumed.
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