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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

The present document contains the result of the study on the impacts on signalling between the UE and core network when energy saving measures are applied to network entities.
The study aims, within the defined CT1 work areas, at:
-
analysing UE idle mode procedures and signalling between the UE and core network resulting from switch on/off of radio equipment in all types of 3GPP accesses, including home cell deployment and I-WLAN, as well as power adaptation of radio equipment (where applicable); 
-
performing a corresponding analysis for connected mode UEs;

-
analysing similar impacts from activation status of non-3GPP access networks;

-
documenting limitations, weaknesses and inefficiencies in these procedures, with emphasis on mass effects in the signalling between the UE and core network; and

-
studying potential optimizations and enhancements to these procedures.

The study also evaluates potential enhancements to 3GPP specifications under CT1 responsibility.

This study takes into account decisions made by other 3GPP working groups in their related work.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]
3GPP TR 32.826: "Study on Energy Savings Management (ESM)".

[3]
3GPP TS 23.234: "3GPP system to Wireless Local Area Network (WLAN) interworking; System description".

[4]
3GPP TS 24.234: "3GPP System to Wireless Local Area Network (WLAN) interworking; WLAN User Equipment (WLAN UE) to network protocols".
[5]
3GPP TS 33.234: "3G security; Wireless Local Area Network (WLAN) interworking security".
[6]
3GPP TS 32.551: "Energy Saving Management (ESM); Concepts and requirements".

[7]
3GPP TS 24.302: "Access to the 3GPP Evolved Packet Core (EPC) via non-3GPP access networks".
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Macro cell: generic term used for all cell types under operator’s control (in contrast to "home cells" or "femto cells"); in this sense it includes also so-called "micro" and "pico" cells (used in the context of hierarchical cell structures).

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

4
Overview

One main energy saving mechanism in the context of this Technical Report is realized by switch-off of radio equipment on the network side. As a consequence, a UE currently being served by the radio equipment subject to switch-off will have to find an alternative, either in the same RAT (if possible by coverage, this would naturally be preferred), or in another RAT. We call these cases "intra-RAT energy saving" and "inter-RAT energy saving", respectively. The fundamental assumption is that, due to overlapping radio coverages, in all practically relevant cases an alternative radio access can indeed be found.

In figure 4-1 two base coverage scenarios allowing energy saving by switch-off are illustrated (only one representative UE shown).

On the left hand side an overlay structure of one and the same RAT is shown; apart from capacity considerations every UE in coverage area 2 can also be served by the radio equipment in coverage area 1; thus radio equipment for coverage area 2 may be switched off (during suitable times) for energy saving purposes. This is an intra-RAT energy saving case.

On the right hand side, in contrast, coverage area 4 is not fully overlaid by coverage area 3, and they belong to different RATs. Consequently, radio equipment for coverage area 4 could only be switched off if still other coverage areas exist (not shown, but indicated by dots), or all UEs are located in the overlapping area. This case realizes inter-RAT energy saving.

More details on such energy saving scenarios are found in 3GPP TR 32.826 [2].


[image: image3.emf]Area 2

Area 1

radio equipment (permanently switched on)

radio equipment (subject to switched off)

(representative) UE

Area 3

Area 4

Intra-RAT 

energy saving:

RAT 1

RAT 1

RAT 2

Inter-RAT 

energy saving:


Figure 4-1: two base coverage scenarios for energy saving by switch-off of radio equipment
Editor’s note: it is FFS if further scenarios need to be included here.

In table 4-1 we use the terms "source radio" and "target radio" with the intended meaning that the considered UE transitions from on to the other radio access due to switch-off; we list all combinations in a matrix, for a UE attached for PS services. Regarding the UE behaviour following a loss of (source) radio access, depending on the availability of RATs as target radio access, we find either fully standardized and optimized behaviour within 3GPP RATs (GERAN, UTRAN, E-UTRAN), or non- or only partially standardized and optimized behaviour (if either source or target radio access is not a 3GPP access).

Table 4-1: Combinations of source and target radio for energy saving (for UE attached for PS services) and possible procedures after switch-off of source radio


[image: image4.emf]target 

radio

Source 

radio 

(switched 

off)

GERAN UTRAN E-UTRAN Non-3GPP access I-WLAN

GERAN

UTRAN

E-UTRAN

Non-

3GPP

access

I-WLAN

NOTE: 

GERAN and UTRAN are assumed to be connected to the EPC supporting EPC supporting E-UTRAN and 

non-3GPP access.

(non-

optimized) 

HO (on IP 

layer)

detach

+ AAA

+ tunnel 

setup

(AAA cleanup + tunnel tear down)   +           attach    /   AAA + tunnel setup

Idle mode: cell reselection +

(potentially) LR

Active mode: HO + (potentially) LR

(non-optimized) HO (on IP layer)


The main diagonal of this matrix describes intra-RAT energy saving, and the non-diagonal elements constitute inter-RAT energy saving. 

Editor’s note: other UE modes of operation (e.g. CS-only mode and CS/PS modes) are FFS.

Editor’s note: dependencies on further parameters (e.g. domain selection or application related ones) are FFS.
5
Analysis of signalling procedures between the UE and core network for energy saving scenarios
5.1
Switch-off/on of 3GPP macro cells

5.1.1
General description

The following main characteristics of 3GPP RATs GERAN, UTRAN and E-UTRAN need to be taken into account in the study of energy saving:

-
clear definition of idle and active mode;

-
definition of registration areas (LAs, RAs, TAs);

-
fully optimized handovers; and
-
fully (operator) planned deployment.

General descriptions and more technical details are found in other sources (e.g. 3GPP TR 32.826 [2]). Here the goal is to complete the enumeration of cases and also consider more the aspects relevant to this study (i.e. signalling between the UE and core network).

5.1.2
Overlaid intra-RAT
A capacity enhancing cell, subject to switch-off for energy saving, is placed into the (full) coverage realized by other cells (see figure 5.1.2-1). Such a cell can be either totally within the range of one cell or it can intersect with multiple cells of the base coverage. The relative position of a capacity-enhancing cell, regarding registration area boundaries, determines whether signalling between the UE and core network is to be expected as a result of switching the cell off/on.


[image: image5.emf]Registration Area 

boundary

Capacity enhancing cell


Figure 5.1.2-1: coverage and registration areas for overlaid intra-RAT energy saving with 3GPP macro cells

5.1.3
Non-overlaid intra-RAT

Editor’s note: this scenario is currently being discussed in RAN (but further studies are required).

The cell that is subject to switch-off has no alternative coverage, thus some cell adaption has to take place, in order not to disrupt service for the UEs due to a coverage "hole" of this RAT (and e.g. with no capability for an alternative RAT). As shown in figure 5.1.3-1, registration area boundaries will be distorted with switch-off.
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Figure 5.1.3-1: coverage and registration areas for non-overlaid intra-RAT energy saving with 3GPP macro cells

5.1.4
Inter-RAT
This case is illustrated in figure 5.1.4-1.

[image: image7.emf]RAT 1 (e.g. UTRAN)

Registration area boundary for 

RAT 2 (e.g. TA boundary)

Registration area boundary for 

RAT 1 (e.g. RA boundary)

RAT 2 (e.g. E-UTRAN)


Figure 5.1.4-1: coverage and registration areas for inter-RAT energy saving with 3GPP macro cells

Editor’s note: it is FFS whether the energy saving mechanism described here can occur between two different PLMNs.

Editor’s note: it is foreseen to do the analysis per key issue; so these should be captured as they are detected. Throughout the TR they are referred to by name and subclause number, no additional numbering is required.
5.1.5
Key issue: Tracking Area Update signalling resulting from switch-off/on of macro cells 

The situation is shown in figure 5.1.5-1 for overlaid intra-RAT case of E-UTRAN, derived from the use case given in the annex B of 3GPP TS 32.551 [6] (it can be similarly applied to the other 3GPP RATs). Only idle mode UEs are considered here, as UEs in connected mode can be handled by the network via timely handovers to cells remaining permanently active. 
Cell 5 is used for providing the peak capacity and is overlaid on cells 1 to 4 (it is called here a "capacity enhancing cell"). Incidentally, also a tracking area (TA) boundary is passing through, and cell 5 is (arbitrarily) allocated to TA1. 

NOTE: 
The assumption that a capacity enhancing cell is never located on the border of a TA cannot be made, as it would be too restrictive.
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Figure 5.1.5-1: Capacity enhancing cell being switched off (overlaid intra-RAT case)

When switching off cell 5, all UEs camping on it have to re-select other cells. For those within coverage of cells 1 and 2 the cell re-selection affects only the UE internal state.  In contrast, UEs within coverage of cells 3 and 4, after selecting these for camping, the corresponding UEs have to perform a TAU. In total, depending on the number of cells being switched off (nearly) at the same time and the actual TA configuration, there is a danger of overload on MME(s).

The situation after switch-on of a previously switched off capacity enhancing cell is shown in figure 5.1.5-2. The re-selection of cells occurs only gradually, due to the fact that some threshold in the difference of radio levels must be measured. 
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Figure 5.1.5-2: Example of a capacity enhancing cell being switched on again

A problem or at least an inefficiency can occur, if many UEs in idle mode start with their transmission of data (by issuing service requests) still in the source cells; this could have the effect that many handovers (into the target cell) are necessary. Depending on the TA configuration, additionally TAUs could be necessary (before the active mode is entered). The scenario is likely e.g. in the morning, when formerly sleeping users are waking up and start checking their mails, browsing internet in a synchronized manner, e.g. just before or after their favourite morning news broadcast. It would be advantageous if idle mode UEs re-select target cells more quickly after they have been switched on, before they become active.
Editor's note: a switch off can also be realized by a decrease of power over time. This case is to be described in subclause 5.5 "Power adaptation for 3GPP macro cells".

5.1.6
Key issue: Cross layer aspects

In the current 3GPP system various control features exist which govern the selection of domains for delivery of services (e.g. voice, SMS). As an example, it may be an operator's preference to handle voice communication via IMS/PS only; if no HSPA is rolled out then effectively only E-UTRAN would remain for voice. This constitutes a cross layer coupling (IMS voice layer effectively requires a particular radio access), and there are related administrative settings (per UE) in NAS related specifications. The situation is illustrated for one UE in figure 5.1.6-1.
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Figure 5.1.6-1: Cross layer dependency and relationship to inter-RAT energy saving options

The effect of switching off/on radio equipment for inter-RAT energy saving potentially counteracts above described domain selection principles. A hard setting for only one domain (i.e. no other domain admissible) could mean that inter-RAT energy saving is effectively not possible for certain cells, if and as long as such UE(s) need to be accommodated (under the assumption that service needs to be guaranteed for them). 

Editor's note: It is FFS how the alignment between administrative settings per UE and inter-RAT energy saving procedures is achieved/maintained, and on which scale of dynamicity. 

NOTE: 
A similar issue arises for UEs with support of only one particular RAT (e.g. LTE only UEs). 

5.1.7
Key issue: Idle mode UEs with emergency bearer services
UEs in idle mode with emergency bearer services possibly await a callback from e.g. an emergency answering point or need to establish an outgoing emergency call; both can be deemed critical and in some cases life-saving. 

The switch-off of cells for energy saving could result in a UE becoming temporarily unavailable for a callback, e.g. until the UE has successfully completed a location registration if the switched off cell is located near the boundary of a location registration area. (Of course this can also occur if the UE itself moves into a new location registrations area.)

Editor's note: it is FFS whether this needs to be considered, e.g. by exempting all cells potentially serving idle mode UEs with emergency bearer services from switch-off for energy saving.

Editor's note: it is FFS how the signalling between UE and core network can be optimized with respect to this issue.

5.2
Switch-off/on of 3GPP home cells

5.2.1
General description

Switch-off of radio equipment in the home cell deployment scenario seems to be an attractive target case for energy saving, due to the expected mass of equipment (seen in total, i.e. for the whole population). Key characteristics of this scenario are:

-
in many cases the overlay by the macro network exists (except in the case where home cells are deployed for reasons of coverage extension);

-
the users are aware of (or even configure) the switch-off/on times; and
-
the number of UEs potentially affected by the switch-off of one single home cell is very small, compared to a macro cell.

For the enterprise scenario, the second and third bullets may not apply.
5.2.2
Key issue: Incidental synchronization of H(e)NB switch-off/switch-on
For marketing reasons and potentially also due to stronger legal requirements for energy saving, the support of the simplest energy saving feature, namely switch-off during periods of expected inactivity (e.g. according to a daily or weekly schedule), may become a standard feature. In this case configuration settings for the switch-off and switch-on times need to be provided. Potentially there could be sources of incidental, unwanted synchronization, e.g.:

-
factory pre-settings for the energy saving mode, e.g. 24:00 for switch-off and 06:00 for switch-on, which may not be changed by a majority of users;

-
even if configuration settings are changed by users, there may be habits to set them to almost identical times. As an example, many people know that they go to sleep immediately after their favourite TV broadcast and may set the switch-off time accordingly; or
-
another problematic case would be if an implementation allowed configuration settings to be selected only from a few predefined times (e.g. only half-hourly).

In all the above cases mass events regarding re-selection of cells and, depending on the structure of tracking areas, NAS signalling may result.
5.3
Switch-off/on of WLAN access networks in 3GPP I-WLAN

5.3.1
General description

Switching off a WLAN access network has the consequence that it will no longer be detected in active or passive scanning (see subclause 4.3.1 in 3GPP TS 24.234 [4]), therefore it would drop out as a candidate for 3GPP I-WLAN initial procedures. On the other hand, if switch-off for energy saving is foreseen at all, detecting an active SSID in scanning does not guarantee that it will remain in operation. If a SSID is deactivated while the UE is connected to it, this produces for the UE essentially the same effect as if the UE lost coverage by movement; however, in the network the difference is that WLAN actions, e.g. the WLAN initiated disconnection procedure as defined in subclause 7.5 of 3GPP TS 23.234 [3], can no longer be performed. If I-WLAN coverage for the UE remains (i.e. it is an intra-RAT energy saving case), according to 3GPP TS 24.234 [4] both the WLAN UE 3GPP I-WLAN re-selection procedure and the WLAN UE PLMN re-selection procedures have to be performed.
For access network selection with 3GPP I-WLAN some configuration data in the UE are foreseen (see subclause 5.1 of 3GPP TS 24.234 [4]): "User Controlled WLAN Specific Identifier list" and "Operator Controlled WLAN Specific Identifier list", both including a priority for selection. These lists have currently a static character.

NOTE:
the analysis of activation status of WLAN access networks inter-connected to EPC via ePDG is covered in another subclause.

Editor’s note: the above note is to be updated with reference to the appropriate subclause when available.

5.3.2
Key issue: Latency associated with WLAN access network re-selection after switch-off (WLAN 3GPP IP access)

A compact view of what happens (for one UE) when a WLAN access network is switched-off is illustrated in figure 5.3.2-1 (non-roaming case; for simplicity WAG is not shown, and it is assumed that the same PDG can be reached). 
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Figure 5.3.2-1: compact view of procedures after switch-off of WLAN access network in 3GPP I-WLAN

Taking into account the number of signalling steps (e.g. counted from figure 4 and figure 7A in 3GPP TS 33.234 [5]) it becomes apparent that current procedures are not optimal for switch-off of a WLAN access network; the latency associated with the dashed box in figure 5.3.2-1 likely degrades the user experience.

5.3.3
Key issue: Mass effect resulting from WLAN access network re-selection after switch-off

WLANs can be considered a means to enhance capacity for mobile users in hotspots. If their switch-off is foreseen, the resulting mass effect has to be analysed; this can also be derived from figure 5.3.2-1, differentiating between procedures local to every UE and procedural parts running on the same network elements for the affected mass of UEs.

As an example case, the closing of a WLAN hot spot can be imagined: I-WLAN connectivity for e.g. ~100 users was provided via a WLAN access network 1, it is turned off and users have to be accomodated by alternative WLAN(s).

Analysing figure 5.3.2-1 regarding mass events in the network, the following is noticed:

Procedure A: local action per UE, therefore no mass event;

Procedure B: mass event on PDG, 3GPP AAA server / HSS;

Procedure C: mass event in WLAN access network 2;

Procedure D: mass event in WLAN access network 2 and 3GPP AAA server / HSS; and
Procedure E: mass event in WLAN access network 2, 3GPP AAA server / HSS and PDG.
NOTE:
for an estimation of the scale of the mass effect it has to be taken into account that procedure D is optional and procedure E is only performed for WLAN 3GPP IP access.

Every mass event effectively consists of a peak in signalling. Further observations and assumptions can be made:

-
(over)load in one network entity may lead to the broadening of the signalling peak in other nodes due to delay and queing; e.g. for procedure D, (over)load in the WLAN access network 2 leads to broadening of the signalling peak in 3GPP AAA server / HSS and PDG;

-
load resulting from procedure B and procedure D adds up in 3GPP server / HSS, load resulting from procedure B and procedure E adds up in PDG;

-
if there is a multiplicity of alternative WLANs or PDGs, the load problem is reduced by this factor for them. But as a consequence, the above mentioned broadening of peak signalling may be reduced, or may not happen at all, for the other nodes; and

-
even if all load can be accomodated easily by the WLAN access network(s), there is one danger: if e.g. due to identical closing times of hotspot venues the switch-off of many WLAN access networks happens at approximately the same time, this is a drastic stress scenario for the backend 3GPP I-WLAN related infrastructure (3GPP AAA server / HSS and PDG).
5.4
Switch-off/on of non-3GPP access networks

Editor’s note: same structure as above foreseen.
5.5
Power adaptation for 3GPP macro cells

Editor’s note: same structure as above foreseen.
5.6
Common issues

5.6.1
Key issue: Increased ANDSF load

ANDSF can be interrogated by a UE for delivery of access network discovery information for non-3GPP accesses at any time after a secure connection has been set up between these two entities. The triggers for such queries are not specified. 

There are potential relations between switch-off of RATs and UE-ANDSF communication, which could act as triggers for ANDSF interrogation: 

1) 
Update of location information due to switch-off of radio equipment for inter-RAT energy saving: 

If a RAT is no longer visible to a UE due to switch-off (e.g. E-UTRAN switched off), any previously delivered location information associated with this RAT parameter delivered to the ANDSF is no longer useful. Consequently, the UE would most likely try to update ANDSF; although this is implementation specific behaviour, it is a reasonable and plausible one. For switch-on of a RAT a similar argument holds.

2) 
Refresh of ANDSF information, due to UE's pull policy: 

The UE could always want to have best options for its decision about usage of access networks; if a RAT is switched off and was before deemed a suitable candidate (e.g. for a particular type of applications), the UE is left with fewer alternatives and could want to have reconsidered this fact by ANDSF (again, this is implementation specific, but likely). If a RAT, previously switched off and thus not visible to the UE, is switched on and the UE detects it newly in radio scanning, the UE could expect that previously delivered access network discovery information is outdated and could equally try to refresh this data. 

NOTE 1: 
How the UE infers that a RAT is switched off is implementation dependent.

NOTE 2:
As stated in 3GPP TS 24.302 [7], mechanisms to limit the frequency of queries transmission from the UE to the ANDSF are implementation dependant. 

Both cases listed above seem uncritical for switch-off/on of single cells, but can become critical if many cells are switched off/on nearly at the same time. Due to the centralized nature of ANDSF this mass effect can aggregate over large areas.  

6
Potential optimizations and enhancements in procedures

7
Conclusions
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