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1   Introduction
Three possible solutions for Controlling ES impact on QoS was presented in [1]. In this document we evaluate these solutions.
2   Background 
The solutions were agreed to be captured as follows in the TR [2]:
The E-UTRAN utilises information provided by the CN to decide whether and which ES action (switch on/off) should be taken. The information provided by the CN could be as follows:

· Using an explicit indicator in order to indicate that certain ES actions are allowed to be taken when the UE is RRC_CONNECTED. The ES actions to be taken by the E-UTRAN are subject to implementation and deployment and may be also subject to configuration. The explicit indication may be either done by introducing new signalling information on S1-MME or by configuring a specific SPID code point. 

· Alternatively, E-UTRAN may use the existing QoS information for RABs in order to determine whether certain ES actions are allowed to be performed. Usage of the QoS information by the eNB is implementation specific. 

In [3] it was agreed to evaluate each solution according to the following criteria:

	Criteria
	Description

	Complexity
	Candidate solutions should not be too complex when implemented in practice. This criterion evaluates on how many messages exchanging or calculations or network/eNodeB states visible in the interfaces are needed for the solutions. 

	Potential ES gain
	The potential gain of candidate solutions for saving the energy should be evaluated. Quantitative indication based rough calculation of ES gain should be added relative to the energy saving scenarios described in TR36.887.

	Specification impact
	The specification impact shall be described and evaluated.

	OAM impact
	The OAM impact shall be described and evaluated.

	eNB impact
	The eNB impact shall be described and evaluated.

	UE impact
	The UE impact and requirement for optional UE features shall be described and evaluated. The aspect of UE power consumption shall be taken into account.


It was also agreed [3] to include a list of requirements:

	Requirements
	Description

	Feasibility
	Candidate solutions should be easily implemented with existing technology or realistic changes to the standards.

F1: Aligned to previous agreements in 3GPP (architecture, principles, …)

F2: If a negative impact on other functionality (e.g. OTDOA, PWS, MRO, solutions for energy saving described in annex X, …) is identified a solution for the issue is provided

F3: Solutions shall be backwards compatible

	Applicability
	Verification against the scope of the SI as added in the TR.

A1: User accessibility should be guaranteed when a cell transfers to energy saving mode
A2:  Solutions provided shall enable ES gain also for deployments with legacy UEs.
A3: Solutions shall not impact the Uu physical layer

A4: Avoid coverage compensation if it is not necessary.
A5: Interference levels shall be approximately equal or lower when the network enters energy saving mode.
A6: UE QoS experience should be taken into consideration when developing energy saving solutions.

Requirements A4, A5 and A6 are applicable to LTE Coverage Layer Solutions only.


3   Analysis of requirements
The analysis of whether the proposed solutions meet the requirements can be found in the following table.
	
	New indicator
	SPID
	QoS parameters

	F1: Aligned to previous agreements in 3GPP (architecture, principles, …)
	Yes

Note: A new ES specific indicator would introduce a CN dependency of functions that were regarded as being CN transparent so far.
	Yes

Note: A new ES specific indicator would introduce a CN dependency of functions that were regarded as being CN transparent so far.
	Yes

	F2: If a negative impact on other functionality (e.g. OTDOA, PWS, MRO, solutions for energy saving described in annex X, …) is identified a solution for the issue is provided
	n/a
	n/a
	n/a

	F3: Solutions shall be backwards compatible
	Yes
	Yes
	Yes



	A1: User accessibility should be guaranteed when a cell transfers to energy saving mode
	n/a
	n/a
	n/a

	A2:  Solutions provided shall enable ES gain also for deployments with legacy UEs.
	Yes


	Yes
	Yes

	A3: Solutions shall not impact the Uu physical layer
	No impact
	No impact
	No impact

	A4: Avoid coverage compensation if it is not necessary.
	Yes
	Yes
	Yes


We conclude that all proposed solutions meet the requirements.
4   Evaluation 

The evaluation can be found in the following table.
	
	New indicator
	SPID
	QoS parameters

	Complexity
	Medium

A new ES specific indicator would bring RAN specific handling to the CN and subscription data.
	Medium

SPID is already visible in RAN and CN but a new usage of this indicator for ES would bring additional RAN specific handling to the CN and subscription data.
	Medium
No impact on the specification and no explicit impact on CN. But this may make it difficult to get a coherent behaviour from RAN nodes from different vendors in the coverage and capacity layer.

	Potential ES gain
	No direct ES gain, but by differentiating the ES handling, the operator does not have to configure the ES only according to the users with strictest requirements. 
	No direct ES gain, but by differentiating the ES handling, the operator does not have to configure the ES only according to the users with strictest requirements.
	No direct ES gain, but by differentiating the ES handling, the operator does not have to configure the ES only according to the users with strictest requirements.

	Specification impact
	Medium
Need to introduce the new indicator over S1 and X2. 
	Low
Adjusting the description for SPID to also include ES decisions.
	None

	OAM impact
	Medium – requires that OAM configures both CN and RAN (in the same way as for SPID).
	Medium - requires that OAM configures both CN and RAN (in the same way as for SPID).
	Medium – requires that OAM proprietary configures both CN and RAN for the usage of QCI.

	eNB impact
	Medium – A new indicator which should be stored and transferred during HO
	Medium - New code point of existing indicator
	Medium – Implementation dependent

	UE impact
	None
	None
	None


As can be seen in the table, the impact of the different solutions is similar and the solutions are feasible. There is one big difference between the third solution and the other two. The solution based on QoS parameters requires that all vendors implement the solution in a similar way in order to make it work. If not, there may be cases where coverage cell decides to switch on an ES cell to give higher QoS to a certain user, but where the ES cell immediately decides to switch off. 
5   Conclusions

In this paper we have evaluated the three different solutions for how to take UE type into account for ES decisions. We propose that these three solutions are agreed as possible solutions and that the evaluation is included in the TR as suggested in the text proposal in the Annex.
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Annex – Text proposal

<<< start of text proposal >>>
4.1.3
Solutions evaluation

4.1.3.1
Different ES actions for different UEs

The solutions for inter-eNB energy saving enhancement for overlaid scenario are evaluated and compared in the table 4.1.3-1 below.
Table 4.1.3-1: Comparison of solutions for overlaid scenario
	
	New indicator
	SPID
	QoS parameters

	Complexity
	Medium

A new ES specific indicator would bring RAN specific handling to the CN and subscription data.
	Medium

SPID is already visible in RAN and CN but a new usage of this indicator for ES would bring additional RAN specific handling to the CN and subscription data.
	Medium

No impact on the specification and no explicit impact on CN. But this may make it difficult to get a coherent behaviour from RAN nodes from different vendors in the  coverage and capacity layer.

	Potential ES gain
	No direct ES gain, but by differentiating the ES handling, the operator does not have to configure the ES only according to the users with strictest requirements. 
	No direct ES gain, but by differentiating the ES handling, the operator does not have to configure the ES only according to the users with strictest requirements.
	No direct ES gain, but by differentiating the ES handling, the operator does not have to configure the ES only according to the users with strictest requirements.

	Specification impact
	Medium

Need to introduce the new indicator over S1 and X2. 
	Low

Adjusting the description for SPID to also include ES decisions.
	None

	OAM impact
	Medium – requires that OAM configures both CN and RAN (in the same way as for SPID).
	Medium - requires that OAM configures both CN and RAN (in the same way as for SPID).
	Medium – requires that OAM proprietary configures both CN and RAN for the usage of QCI.

	eNB impact
	Medium – A new indicator which should be stored and transferred during HO
	Medium - New code point of existing indicator
	Medium – Implementation dependent

	UE impact
	None
	None
	None


The impact of the different solutions is similar and the solutions are feasible. There is one big difference between the third solution and the other two. The solution based on QoS parameters requires that all vendors implement the solution in a similar way in order to make it work. If not, there may be cases where coverage cell decides to switch on an ES cell to give higher QoS to a certain user, but where the ES cell immediately decides to switch off. 
<<< end of text proposal >>>
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