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1 Introduction 

Optimized cell wake up in hotspot deployments based on measurements of Interference over Thermal (IoT) has been introduced within [1] and example scenarios have been discussed in [2]. This paper aims at analyzing the proposed solution against the criteria defined in ‎[3].
2 Discussion
2.1 Feasibility

Feasibility and functionality of the solution were discussed in ‎[4]. It is worth to remember, the solution was proved to enable relatively easy detection of the hotspot or hotspots to be reactivated.
Practically, the solution requires that the hotspot is able to perform IoT measurements on the frequency and bandwidth of the macro and in the format the macro cell is able to interpret. In case of intra-RAT scenario, this is easier to be achieved, as both base stations operate on the same physical layer. If they use the same frequency and bandwidth, the situation is ideal, but even if it is not so, quite a lot of hardware may be reused. Additionally, the solution requires additional inter-cell signalling to request the measurement to be collected and then reporting to the requesting site. Such signalling can be implemented as a separate request-response procedure or a part of other procedure (e.g. load request or cell wake up request). In either case it is easily implementable. More detailed analysis is proposed for the two scenarios discussed in TR 36.927:
Inter-RAT scenario 1:
In terms of measurements, the eNB hotspots would need to be equipped in a module able to perform UTRAN measurement of Received total wide band power, as defined in TS 25.215 for FDD and TS 25.225 for TDD. Certain problem may be due to the fact that background noise is not measured separately in UTRAN. This can, however, be solved with pre-configured OAM information or estimated based on available measurements and clever implementation. Additionally, the solution requires inter-RAT signalling method. However, since the method assumes that the macro is able later to send wake up command to selected hotspots, the signalling required for the solution may reuse the same method.
Inter-eNB scenario 1:

The needed measurements are already defined for any eNB: Received Interference Power and Thermal noise power, as defined in TS 36.214. Therefore no or little, in case of different frequencies/bandwidth, extra hardware implementation is needed. Also, the signalling may be based on X2/S1 interface and have a form of class 1 procedure, or two class 2 procedures, or be linked with one of the existing procedure (for example, as enhancement to the Resource Status Reporting Initiation and Resource Status Reporting procedures or the Cell Activation procedure). Therefore the standardisation effort is as little as it can be.
2.2 Applicability

The proposed solution optimises cell wake up methods for inter-eNB and inter-RAT scenarios, as defined in ‎[5]. It does not violate any of the limitations of the scope. Thus, it can be considered as applicable for the study item.
2.3 Backward compatibility

The proposed solution assumes the hotspot cells can go into energy saving mode. The method used for the decision to switch off most of the functions of a cell is not relevant here, however, the macro cell shall be aware which hotspot cells within its coverage is at the moment in energy saving mode. Therefore, the analysis of this criterion depends on the scenario.
Inter-RAT scenario 1:

Since at this time there is no direct inter-RAT signalling to enable the macro cell to know the status of the pico cells, the question of backward compatibility is not applicable. If such method is considered, all needed pieces (information transfer about cell status, cell wake up method and transfer of IoT measurements) should be developed simultaneously.
Inter-eNB scenario 1:

Cell Activation and the eNB Configuration Update procedures, as specified for X2AP in Rel.9, enable informing a neighbour about cell status change and requesting a neighbour to switch on again. The procedure proposed here does not affect these features anyhow, as it can either be added as a separate procedure(s) that may be used before cell activation, but do not have to, or as enhancement to the Cell Activation, but implemented as new IEs, so that interpretation of messages formatted according to Rel.9 principles is not affected. Therefore the solution is perfectly backward-compatible.
2.4 Complexity

Possible implementation options have already been presented in the feasibility chapter above. The actual implementation may be based on a decision made at macro (then the macro requests the measurements to be made, collects results and based on those issues actual activation request) or at a hotspot (then the macro provides conditions for wake-up together with the activation request and a hotspot, based on the measurements, reactivates or remains suspended). Additionally, one side must perform simple analysis of the measurements (more sophisticated implementations are possible, too, though not necessary to enable the mechanism).

Details depend on the actual scenario:
Inter-RAT scenario 1:

Assuming the inter-RAT information exchange for ES purposes is available, the solution, in the minimal form can be limited to two messages: request and response (positive or failure). It can also be built into cell wake up procedure, if it is developed in the same time.
Inter-eNB scenario 1:

If X2 is available, the solution may be limited to two class-2 procedures, one class-1 procedure or additional IEs to existing X2AP procedure (for example Resource Status Reporting Initiation and Resource Status Reporting procedures or the Cell Activation procedure). 
2.5 Potential ES gain

The gain expected from the proposed solution is related to the fact that in congestion situation the macro cell will not need to wake up all the hotspots, but only those that are can serve extra traffic. The gain may be obtained, however, under the assumption that waking up the measurement module is cheaper, in energetic sense, than waking up whole cell that while it is up, it consumes less energy than the cell would have consumed was it waken up completely. Both assumptions are very realistic.
The proposed solution does not provide 100% guarantee to enable optimal selection of hotspots to be waken up, however, as proved in ‎[4], offers good estimation in typical load scenarios (further enhancements to enable the solution also in more tricky conditions, are discussed in ‎[6]). Then, usage of the proposed solution may help avoiding waking up hotspots that can not serve additional traffic. The gain is therefore obtained as compared to the existing intra-LTE solution. Its extend varies depending on the load and hotspot distribution, however even in case of even load distribution the measurements will help the macro cell to select the hotspots where users generate the highest interference. Then, waking only those hotspots will decrease load, possibly below the congestion threshold at the macro and help save the energy on the UE side. Therefore even in such unfavourable conditions the solution may bring gain.

Since there is no existing ES solution for inter-RAT, the gain can not be estimated at this stage. 
2.6 Specification impact

As described in Complexity chapter, the specifications impacted depend on considered scenario:
Inter-RAT scenario 1:

Since the method for inter-RAT signalling for ES purposes is not selected, the standardisation impact is hard to estimate. If the example of SON is followed, the impacted specifications would be S1AP (TS 36.413) and perhaps RIM (TS 48.018) — but that may be avoided if there is already ES application defined.
Inter-eNB scenario 1:

The minimal implementation would affect only X2AP specification (TS 36.423).
2.7 OAM impact

Assuming, the association between macro and hotspots is already available (may be needed to enable basic switch off indication and switch on request), OAM may be needed to configure the way the IoT measurements are performed (for example, how long the probing period lasts). However, if more sophisticated implementation is selected, this may be substituted with information provided together with the measurement request.
Regarding operator effort, this is expected to be minimal: the measurement configuration is simple (possibly only one parameter) and it is very likely the same configuration is used across the network.

OAM may also be considered to provide measurements that are not available or too complicated to perform, but that do not feature high dynamism of changes. Examples can be:

· In inter-RAT scenario 1, if there are no standard thermal noise measurements defined for the RAT that is used by the macro cell. In that case, one of possibilities is to provide the N0 value per hotspot from the OAM.

· Pathloss between the hotspot and the macro, as discussed in ‎[6].
2.8 eNB impact

The solution requires software support for the signalling defined for the solution. Additonally, hardware impact can be evaluated, depending on the scenario considered.
Inter-RAT scenario 1:

Since the measurement must be performed in the frequency and bandwidth used by the macro cell and they have to be comprehensive for the macro, in case of inter-RAT environment the eNB must be capable of performing the requested measurement (for example Received total wide band power, if the macro is a UTRAN cell). The most likely impact is therefore addition of a module to perform the measurement, but if the eNB is based on software defined radio, this may possibly be avoided.
Inter-eNB scenario 1:

If the macro and the hotspot operate at the same frequency/bandwidth, no additional hardware needed. Otherwise, small hardware impact may be expected. Possibly, the cell should be constructed in such way that only a part of the RX module can be switched on at low energetic cost.
2.9 UE impact
Irrespectively from the scenario considered, neither UE implementation, nor related signalling is affected. The proposed solution is absolutely passive from the UE point of view. Also, the power consumption at the UE is not affected negatively as compared to the ES solution without the proposed optimised hotspot wake-up mechanism.
3 Summary
Based on the study presented above, it is proposed to agree on following evaluation summary of the discussed optimised cell wake-up mechanism:
	
	Inter-RAT scenario 1
	Inter-eNB scenario 1

	Feasibility
	Feasible

	Applicability
	Applicable

	Backward compatibility
	N/A
	Compatible

	Complexity
	In minimal form: 
signalling between macro and hotspot needed 
(2 messages at least: request / response)
Then, comparison of the responses must be done at the macro cell.

	Potential ES gain (option a)
	N/A
	Actual gain depends on the load and hotspot distribution (may vary from small to high).
Also gain on UE side is possible.

	Specification impact
	Depends on selected inter-RAT signalling (assumed to be available for basic ES solution). At least, if ES RIM application is available:
S1AP (TS 36.413): SON container
	X2AP (TS 36.423): new procedure or new IEs to one of the existing procedures

	OAM impact
	Assuming basic ES configuration is available, the proposed method may require measurement configuration.
Operator effort is expected to be minimal (the same configuration for all cells is likely).
Measurements that are not available, but do not vary much can also be provided from OAM.

	eNB impact
	Software implementation of the needed signalling. Additionally:
capability of performing the measurement at other RAT (software or hardware module)
	Software implementation of the needed signalling. In some cases, additionally:
capability of performing measurements at other frequencies/bandwidths (software or hardware module)

	UE impact
	None


The evaluation summary is proposed to be added to the appropriate sections of the TR 36.927.
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