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Abstract of the contribution: Motivated by efforts of minimization of CO2 footprint in other industries, we introduce a scheme where the UEs and the NW are made aware of the energy saving state and support the reduction of a UE’s PDN connection state as well as the related processing. 
1. 
Introduction

In recent years many service industries have started to offer their customers a voluntary CO2 offset scheme. Here are only a few examples, from travel industry:

· airlines: Lufthansa, British Airways, Air France, Quantas;
· railways: Deutsche Bahn, SNCF;
· car rental companies: Avis, Hertz, Europcar; 
· hotels: Shanghai Boutique Hotel, Mercure (chain), The Cavendish (London), The Leading Hotels of the World (LHW) group, http://www.co2neutral-hotels.com/uk-index.htm;
This shows that at least a non-negligible percentage of consumers have become aware of the relationship between their consumption and its environmental impact; they are even willing to pay due to their responsibility and for their good conscience. The money thus collected is transferred, within a certified framework, into CO2-saving investments. 
Note: CO2 emission relates directly also to energy consumption, which is our target here. 
There is no good reason why such consumer awareness cannot be raised in mobile networks. Moreover, considering that in this case there are ways to offset the CO2 emission / energy consumption at no additional cost, and without noticeable loss of quality, it can be argued that the percentage of customers potentially joining such a program may be much higher than in the cases given above. Without doubt, success of such programs depend by large on the scale of branding, incentives, bundling with features/offers, and advertisement. At the end the capability may become a regulatory requirement, at least in selected markets.
While we acknowledge that sceptic minds will find some counter-arguments, based on today’s usage paradigm and today’s technical solutions, we would like to point out that above mentioned schemes also did not exist a couple of  years ago.

In the following we describe the concept of energy awareness which enables the reduction of a UE’s PDN connection state and also the associated processing load in the mobile network.
2. 
Concept of energy awareness with PDN connection state and processing reduction
EPS is based on the always-on and always IP connected paradigm. On the one hand, this requires to maintain a large amount of state (e.g. UE context, bearer information, etc.) and processes (e.g. timers, keep alives) in the network for idle mode UEs, which are related to the PDN connections and bearers of the UE. This state information are distributed and maintained over several core NW nodes (see the upper part of Figure 1). 
The question arises what is, in terms of resources and processing, absolutely needed to handle these UEs. In comparison to the Circuit Switched domain, we notice that in the CS domain resources are also not allocated permanently, while reachability of the UE is guaranteed. We claim that if UEs/users and/or the NW support energy saving, then IP reachability with relaxed latency requirements to setup end-to-end communications could be achieved with less UE state and processing load in the network. Considering that such optimizations would only be enabled/used if the customer agrees beforehand, we do not consider slightly higher latencies for end-to-end communication establishment a critical issue. Typical use cases for end-users, UEs and/or the network to enter such energy saving states would be during long times of inactivity (most likely coupled with the type of UE/terminal), during night/sleep times, etc. 
We thus propose variations of EPS by introducing energy awareness for UE and NW, which allow reducing the static and dynamic costs of the always-on scheme.  The ultimate goal can be like what is shown in the lower part of Figure 1. Here the PDN connection states and the associated processing for a UE that is in energy saving state has been eliminated on the MME and SGW. In this case only the minimum PDN connection state is kept at the PGW(s) – for IP reachability. 
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Figure 1: Reducing idle mode UE’s PDN connection state when entering the energy saving state
 (the ultimate target for energy saving)

Of course intermediate steps are possible, like keeping part of the PDN connection state in SGW.

3. 
Technical Realization 

For technical realization, two variants may be envisioned.
3.1   Local use of and optimizations for energy saving 
As a deployment option, the energy saving state it can be defined in association with bearer properties. E.g. a special QCI value for the default bearer may be used to implicitly consider a UE in energy saving state. This may be exploited for purely local node optimizations, e.g. optimal DB caching or context data compression. The change of the default bearer QCI to an energy saving-enabled one can be initiated by the UE (triggered automatically by a smart phone app or manually by the user) or from the NW (according to a schedule or observed inactivity or heuristic/history data).
In order to reduce dynamic load, which supports energy saving by allowing load concentration as described in scenario “Energy efficient node utilization through load re-distribution during off-peak times”, it can be defined that in the energy saving state periodic registration timer is relaxed to the amount matching the expectable time spent in this state. 

3.2   Distributed handling and optimizations for energy saving
It comprises procedures between NW nodes to optimize further the handling of context data by compression or selective removal, while keeping key context data for fast decompression/re-creation. Building blocks of solutions already described for node failure scenarios (see 3GPP TS 23.857 [1]) can be re-used; Figure 2 illustrates this at the example of the Down Link Data Triggered Attach (DLDTA) procedure defined in subclause 6.1.1 of TS 23.857 [1]. For a UE, when this feature is supported and applicable for one of its bearers, then – in a preparatory manner, anticipating an MME failure – the TAU list assigned by MME is propagated to SGW in Create Session Request or Modify Bearer Request messages. SGW context is thus enhanced by an additional item, with the benefit that if UE’s MME context is lost, the minimum information for paging the UE for terminating service and subsequent re-establishment of the EPS bearer is available (for originating service the UE can do the re-establishment by itself). 
In analogy, one can also intentionally remove the MME context for UEs subject to energy saving (of course only during the time the UE is in an energy saving state); this allows to handle proportionally more UEs per MME and thus combines well with the scenario “Energy efficient node utilization through load re-distribution during off-peak times”. In total this should give quite a positive trade-off between effort and gain. Alternatively the context data can be compressed in MME in order to enable a deeper sleep state of MME.
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Figure 2: MME context data reduction (similar to MME failure handling defined in [1]) 

We can push this one step further, moving the reachability information (TAU list) to PGW(s). This allows to remove (or alternatively, compress), more context data in EPC, in particular the S5/S8 bearers with the related state information. This is sketched in figure 3.
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Figure 2: MME and SGW context data reduction
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4. 
Proposal 
It is proposed to capture the following scenario in TR 23.866.
Beginning of Change
5.X
Scenario: Energy awareness with PDN connection state and processing reduction
5.X.1
Scenario description
The EPS is based on the always-on and always IP connected paradigm. On the one hand, this requires to maintain a large amount of state (e.g. UE context, bearer information, etc.) and processes (e.g. timers, keep alives) in the network for idle mode UEs, which are related to the PDN connections and bearers of the UE. These state information are distributed and maintained over several core NW nodes (see the upper part of Figure 5.X.1-1). 

The question arises what is, in terms of resources and processing, absolutely needed to handle these UEs. In comparison to the Circuit Switched domain, it can be noticed that in the CS domain resources are also not allocated permanently, while reachability of the UE is guaranteed. It is claimed that if UEs/users and/or the NW support energy saving, then IP reachability with relaxed latency requirements to setup end-to-end communications could be achieved with less UE state and processing load in the network. Considering that such optimizations would only be enabled/used if the customer agrees beforehand, it is considered slightly higher latencies for end-to-end communication establishment a critical issue. Typical use cases for end-users, UEs and/or the network to enter such energy saving states would be during long times of inactivity (most likely coupled with the type of UE/terminal – e.g. MTC devices), during night/sleep times, etc. 
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Figure 5.X.1-1: Reducing idle mode UE’s PDN connection state when entering the energy saving state (the ultimate target for energy saving)

5.X.2
System enhancements
Variations of EPS are proposed by introducing energy awareness for UE and NW, which allow reducing the static and dynamic costs of the always-on scheme.  The ultimate goal should be like what is shown in the lower part of Figure 5.X.1-1. The PDN connection states and the associated processing for a UE that is in energy saving state should be eliminated on the MME and SGW. In this case only the minimum PDN connection state is kept at the PGW(s) – for IP reachability. 

Intermediate steps are also possible, like keeping part of the PDN connection state in SGW.

5.X.3
Evaluation
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