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1   Introduction
In this document we discuss and evaluate possible solutions for differentiating ES decisions depending on user type.
2   Background 
The following problem description was agreed for the overlaid energy saving scenario:
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It can be noted that the problem is about differentiating ES decisions for different user types and that the study is limited to ES scenarios due to the large impact of switching on/off cells.

3   Possible solutions

We believe that three different types of solutions are possible:
· Using a new indicator

· Using the SPID indicator 

· Using the QoS information for RABs 

In the following sections we discuss how these three solutions can be used to resolve the problem.

3.1   A new indicator

One possible solution is that the core network would send subscriber specific information to the eNB so that the eNB could treat users differently. The core network would send an index for an Energy Saving profile for each user to the eNB and eNB would use this when making ES decisions. The configuration of the mapping from the index to the energy saving control could be partly specified and partly left for operator to define (by OAM). One simple example of how a partial list of indexes can be specified (compare with SPID in Annex I of TR 36.300) is shown in the table below. 

	Index
	ES profile

	0
	UE should avoid ES when possible

	1
	UE participates in ES


Table 1. Example of a partial list of indexes.

How to actually control the ES decisions by the eNB should be left to implementation. One simple example of usage of the index could be as follows: 

· In the coverage cell:

· If index=0 for a UE, immediately switch on an ES cell in case such a UE may connect to it.

· If index=1 for a UE, Switch on ES, if the load is above the ES switch on threshold defined by OAM.

· In the ES cell

· If index=0 for a UE, n Never switch off an ES cell if there is any such UEs being served.

· If index=1 for a UE, Switch off ES cell if load is below the ES switch off threshold defined by OAM.

This type of solution would also be possible to extend to inter RAT scenarios, where the impact of energy saving actions (moving a subscriber to another RAT) may be even bigger. Then some users can for example be configured to not to participate in energy saving where UTRAN or GERAN is used as a coverage cell.

3.2   Using the SPID indicator

The Subscriber Profile ID for RAT/Frequency Priority (SPID) is used by the eNB to map to a locally defined configuration in order to apply specific RRM strategies for inter RAT/frequency mobility. 

One solution would be to re-use this indicator and extend it to also include energy saving aspects.

SPID is defined in two ranges: Operator Specific and Reference values. The reference values are included in Annex I of TR 36.300). To illustrate the possible solution, it would be possible add as follows:

Table I.2-1: eNB local configuration in idle and connected mode for SPID = 256

	Configuration parameter
	Value
	Meaning

	E-UTRAN carriers priority
	high
	The selection priorities for idle and connected mode of all E-UTRAN carriers are higher than the priorities for all UTRAN and GERAN carriers

	UTRAN carriers priority
	medium
	The selection priorities for idle and connected mode of all UTRAN carriers are lower than the priorities for all E-UTRAN carriers and higher than the priorities for all GERAN carriers

	GERAN carriers priority
	low
	The selection priorities for idle and connected mode of all GERAN carriers are lower than the priorities for all E-UTRAN and UTRAN carriers

	Intra LTE energy saving participation
	High
	The UE is participating in energy saving 


The exact mapping of the different values (High/Low) into a strategy in the eNB does not need to be specified, but the same illustration as in previous chapter can be used, i.e. different values map to different actions in the eNB.  

3.3   Using the QoS parameters for E-RABs 

For each RAB, a set of QoS parameters are assigned, as specified in TS36.413. 

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	E-RAB Level QoS Parameters
	
	
	
	

	>QCI
	M
	
	INTEGER (0..255)
	QoS Class Identifier defined in TS 23.401 [11].

Coding specified in TS 23.203 [13].

	>Allocation and Retention Priority
	M
	
	9.2.1.60
	

	>GBR QoS Information
	O
	
	9.2.1.18
	This IE applies to GBR bearers only and shall be ignored otherwise.


For non-GBR bearers, the parameters that could be used are QCI and Allocation and Retention Priority (ARP). 
The QCI (0...255) is used as a reference to access node-specific handling of the different QCIs. There are nine QCIs defined (in TS23.203) and it is also possible for the operator to define additional QCIs. By specifying the QCI, the eNB is informed about the priority, packet delay budget and packet error loss rate. 

The ARP is defined as follows (in TS36.413):

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Allocation/Retention Priority
	
	
	
	

	>Priority Level
	M
	
	INTEGER (0..15)
	Desc.: This IE should be understood as “priority of allocation and retention” (see TS 23.401 [11]).

Usage:

Value 15 means “no priority”.

Values between 1 and 14 are ordered in decreasing order of priority, i.e., 1 is the highest and 14 the lowest.

Value 0 shall be treated as a logical error if received.

	>Pre-emption Capability
	M
	
	ENUMERATED(shall not trigger pre-emption, may trigger pre-emption)
	Descr.: This IE indicates the pre-emption capability of the request on other E-RABs

Usage: 

The E-RAB shall not pre-empt other E-RABs or, the E-RAB may pre-empt other E-RABs

The Pre-emption Capability indicator applies to the allocation of resources for an E-RAB and as such it provides the trigger to the pre-emption procedures/processes of the eNB.

	>Pre-emption Vulnerability
	M
	
	ENUMERATED(not pre-emptable, pre-emptable)
	Desc.: This IE indicates the vulnerability of the E-RAB to preemption of other E-RABs.

Usage:

The E-RAB shall not be pre-empted by other E-RABs or the E-RAB may be pre-empted by other RABs.

Pre-emption Vulnerability indicator applies for the entire duration of the E-RAB, unless modified and as such indicates whether the E-RAB is a target of the pre-emption procedures/processes of the eNB.


One possible solution would therefore be to map certain RAB QoS parameters to an energy saving strategy. 
· The eNB could look for the ARP values and use a more restrictive energy saving strategy for UEs with ARP values below 7. 

· Another possibility is to define multiple sets of QCIs, where one set is for example to be mapped into energy saving strategies. This could for example be done by using different QCIs for the default bearers.
4   Evaluation

We suggest evaluating the different solutions based on the following criteria:

· Interoperability – How interoperable is the solution, and how much guidance is given by the specification to propose an coherent solution

· Side effects – Will the solution cause any side effects on existing solutions

· Impact – What is the impact on the specification
	
	New indicator
	SPID
	QoS parameters

	Interoperability
	High

A new indicator with a clear purpose enables the signalling of the indicator
	High
By re-using the SPID, the purpose is not as clear. 
	Low
The mapping from ARP or QCI to energy saving actions would not be visible in the specifications. 

	Side effects
	Low
New indicator with no relation with existing
	Medium

May lead to a completely “duplicated” sets of SPID for each energy saving class
	Medium
May lead to a duplicated set of QCIs.

	Impact
	High

Requires a new indicator defined in CN and for S1/X2.
	Medium

Requires an update of the SPID definition, by including ES aspects.
	Low

No impact on the specifications


5   Conclusions

In this paper we have presented and evaluated three different solutions for how to take UE type into account for ES decisions. We propose that the TP in the annex is included in the TR.
Annex – Text proposal

<<< start of text proposal >>>
4.1.2
Solutions description

4.1.2.1 Different ES decisions for different UEs
An operator may offer different types of subscriptions to differentiate users along the offered QoS. Hence, the operator may want to apply a different trade-off for different subscriber types. It may also be beneficial for an operator to use different energy saving strategies for different subscription types using specific devices, e.g. MTC devices, low cost MTC devices, and Public Safety Devices. 
Currently QoS is indicated by the EPS by means of standardised S1AP IEs. Further possibilities to efficiently support different energy saving strategies for different subscriber types could be studied.  

The study should be limited to Energy Saving specific scenarios, since the impact of switching off one or more cells is greater than in other scenarios where cells are not switched off. 

Solutions
The CN indicates the ES profile to the eNB and the eNB is configured to map from this ES profile to certain ES control. This could be done in different ways:
· Using a new indicator – where this indicator is used by CN to indicate the ES preference for each UE. The configuration of eNB actions is done by OAM.
· Using the SPID indicator – where the SPID is reused to also indicate the ES preference for each UE. The configuration of eNB actions is done by OAM.
· Using the existing QoS information for RABs – where the QoS information is used by the eNB in a proprietary way. 

4.1.3
Solutions evaluation

4.1.3.1 Different ES decisions for different UEs

The evaluation is based on the following criteria:

· Interoperability – How interoperable is the solution, and how much guidance is given by the specification to propose an coherent solution

· Side effects – Will the solution cause any side effects on existing solutions

· Impact – What is the impact on the specification

	
	New indicator
	SPID
	QoS parameters

	Interoperability
	High

A new indicator with a clear purpose enables the signalling of the indicator
	High

By re-using the SPID, the purpose is not as clear. 
	Low

The mapping from ARP or QCI to energy saving actions would not be visible in the specifications. 

	Side effects
	Low

New indicator with no relation with existing
	Medium

May lead to a completely “duplicated” sets of SPID for each energy saving class
	Medium

May lead to a duplicated set of QCIs.

	Impact
	High

Requires a new indicator defined in CN and for S1/X2.
	Medium

Requires an update of the SPID definition, by including ES aspects.
	Low

No impact on the specifications


<<< end of text proposal >>>
An operator may offer different types of subscriptions to differentiate users along the offered QoS. Hence, the operator may want to apply a different trade-off for different subscriber types. It may also be beneficial for an operator to use different energy saving strategies for different subscription types using specific devices, e.g. MTC devices, low cost MTC devices, and Public Safety Devices. 


Currently QoS is indicated by the EPS by means of standardised S1AP IEs. Further possibilities to efficiently support different energy saving strategies for different subscriber types could be studied.  


The study should be limited to Energy Saving specific scenarios, since the impact of switching off one or more cells is greater than in other scenarios where cells are not switched off. 
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