3GPP TSG CT WG1 Meeting #49
C1-072357
Kobe, Japan, 8th – 12th October 2007.
Source:
Nokia Siemens Networks, Nokia
Title:
Mobility Management: UE state model and "IDLE mode" vs. "IDLE state" 

Agenda item:
9.2   SAE
Document for:
DISCUSSION and APPROVAL
1
Introduction

The purpose of the present document is to discuss the EMM state model to be chosen for the EPS mobility management. The relationship between the EMM state machine and the GMM state machine inside a UE supporting both E-UTRAN and UTRAN/GERAN is not in the scope of this paper.

For the design of a state model for the EPS mobility management we can base our work on the following documents from other groups:

- the EPS stage 2 specification from SA2, TS 23.401, v 1.2.1, with its message flows;
- the E-UTRAN Overall description from RAN2 and RAN3, TS 36.300, v 8.1.0. 

Furthermore, since CT1 has agreed that "for NAS signalling procedures for 3GPP access via E-UTRAN the existing 3GPP TS 24.008 procedures will be used as a model as much as possible", we take also the respective specifications from the 2G/3G predecessor systems into account, especially: 

- the GPRS stage 2 specification from SA2, TS 23.060;

- the NAS protocol stage 3 specification, TS 24.008.

2
State model for EMM
2.1 State model derived from the GMM state model in TS 24.008

In the following we will first consider a GMM-like state model for EPS mobility management and briefly summarize a few of its main features. 
Figure 1 is a copy of figure 4.1b/TS 24.008: "GMM main states in the MS", with the following changes:
· The states were renamed from "GMM- …" to "EMM- …". 
· The term "GPRS mode" was replaced by "S1 mode".

· "Routing area updating" was replaced by "tracking area updating".

For the following it is assumed that the condition "ATTACH accepted" also implies that a default bearer was established successfully (not shown in the figure).

For EMM as for GMM at any time only one of the procedures: attach, detach, tracking area updating and service request can be ongoing. This is reflected by the existence of the four different states: EMM-REGISTERED-INITIATED, EMM-DEREGISTERED-INITIATED, EMM-SERVICE-REQUEST-INITIATED, and EMM-TRACKING-AREA-UPDATING-INITIATED. As in GPRS, a different supervision timer can be running in each of these states.
For Iu mode, GMM additionally discriminates between two "modes", PMM-IDLE and PMM-CONNECTED, indicating the status of the PS signalling connection between UE and SGSN. In the following we assume that for EMM we will also need a corresponding parameter with at least two values EMM-IDLE and EMM-CONNECTED, indicating the status of the NAS signalling connection between UE and MME. Whether there is a need for a third value, e.g. "EMM-ACTIVE", will be discussed later.
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Figure 1: EMM main states in the UE
2.2 State models in other specifications
The E-UTRAN Overall description from RAN2 and RAN3, TS 36.300, v 8.1.0, also contains a state model for the NAS protocol in an informative annex (see Annex A of the present document). 
According to the model in TS 36.300 there are 3 different NAS protocol states: LTE_DETACHED, LTE_IDLE and LTE_ACTIVE.

In LTE_DETACHED the UE performs PLMN/cell selection and the UE position is not known at all by the network. Therefore, we consider LTE_DETACHED to be equal to the state/mode combination EMM-DEREGISTERED / EMM-IDLE in our state model.
Both in LTE_IDLE and in LTE_ACTIVE the UE is registered to the network. LTE_IDLE also implies RRC_IDLE, i.e. the UE is not known by the eNodeB (see Annex B of the present document); therefore, we consider LTE_IDLE to be equal to the combination EMM-REGISTERED / EMM-IDLE. 

In LTE_ACTIVE the UE is also in RRC_CONNECTED state, i.e. the UE has an RRC context stored in the eNodeB. The UE has an IP address allocated and can exchange data with the network. So we consider LTE_ACTIVE to be equal to the combination EMM-REGISTERED / EMM-CONNECTED and the additional condition that the radio bearers are (re‑)established. 
In sum we have the following relationship:

Table 1: Relationship between EMM main states and connection modes and the NAS protocol states described in TS 36.300

	EMM state
	Connection mode

	
	EMM-IDLE
	EMM-CONNECTED
+ radio bearers (re‑)established

	EMM-DEREGISTERED
	LTE_DETACHED
	

	EMM-REGISTERED
	LTE_IDLE
	LTE_ACTIVE


In the EPS stage 2, TS 23.401, v 1.2.1, currently no state model for mobility management is defined. In some places the stage 2 is referring to "idle state" and "active state", in others to "idle mode" and "active mode", without defining any of these terms; additionally, in a few handover message flows an explicit reference to the LTE_ACTIVE state is given. 
Due to the lack of a state model in TS 23.401, for the following comparison we will focus on the state model given in TS 36.300 and on the message flows in TS 23.401. 
2.3 Comparison and discussion of the two state models

2.3.1
EMM-CONNECTED or EMM-ACTIVE?

If we consider table 1, a first question that comes to our mind is: should we replace EMM-CONNECTED by EMM-ACTIVE and specify that this mode includes also that the radio bearers are (re-)established?

If we look at the message flows in the stage 2, e.g. for the attach procedure (5.3.2), the tracking area updating procedure (5.3.3.1) or the UE initiated detach procedure (5.3.9.1), the answer is: no, a specific EMM-CONNECTED mode seems to be useful and necessary, because: 

· during the attach procedure the radio bearers are established at a very late point, i.e. when the EMM-ACTIVE would be reached, the attach procedure is nearly over;
· in other cases (tracking area updating without bearer re-establishment, detach) the bearers need not be (re‑)established at all during the procedure, 
· but when specifying the protocol it would be useful in all these cases if we were able to refer to the mode of the UE already during the earlier stages of the procedure. 
E.g. the NAS procedures, specifically the common EMM procedures like authentication or identity request, require the existence of a NAS signalling connection (i.e. the UE needs to be in EMM-CONNECTED mode), whereas the status of user plane is not relevant for these EMM procedures. 
2.3.2
EMM-CONNECTED and EMM-ACTIVE?

Another alternative would be to introduce a third mode, EMM-ACTIVE, and specify EMM-CONNECTED as "a NAS signalling connection exists, but no radio bearers are active" and EMM-ACTIVE as "a NAS signalling connection exists, and radio bearers are active/(re‑)established".   
The following table shows the possible combinations of EMM states and EMM modes, and the path of the UE through the table for various EMM procedures. (The set of paths is intended to provide a few typical examples. It is not intended to be a complete set.)
Table 2: Overview over all EMM main states and connection modes and the NAS protocol states from TS 36.300

	EMM states
	Connection mode

	
	EMM-IDLE
	EMM-CONNECTED
	EMM-ACTIVE

	EMM-NULL
	
	
	

	EMM-DEREGISTERED
	LTE_DETACHED
	
	

	EMM-REGISTERED-INITIATED
	
	
	

	EMM-REGISTERED
	LTE_IDLE
	
	LTE_ACTIVE

	EMM-DEREGISTERED-INITIATED
	
	
	

	EMM-TRACKING-AREA-UPDATING-INITIATED
	
	
	

	EMM-SERVICE-REQUEST-INITIATED
	
	
	


Notes: 

Boxes indicated in dark grey correspond to state/mode combinations that are not possible.
Boxes indicated in blue correspond to state/mode combinations that are not possible, if we assume that the EMM layer always asks the lower layers to establish a NAS signalling connection before it passes any EMM signalling messages to be transferred to the lower layers. 
The introduction of a separate EMM-ACTIVE mode would, however, have some consequences for the specification:

· We would start to mix user plane aspects into the description of the mobility management state machine at a very basic level. 
· The only GMM signalling procedure in TS 24.008 for which the mode and the status of the radio access bearers plays a more significant role is the service request procedure. As TS 24.008 shows, the description of this procedure is also possible without introducing a new mode value. On the other hand, the introduction of a new mode would have the drawback that in many other places where currently the specification refers to the CONNECTED mode (e.g. "In Iu mode, the timer T3312 is reset and started with its initial value, when the MS goes from PMM-CONNECTED to PMM-IDLE mode. The timer T3312 is stopped when the MS enters PMM-CONNECTED mode.") we would each time need to add the respective requirement for the ACTIVE mode, although the behaviour for CONNECTED and ACTIVE mode would be exactly the same. This does not improve the readability of the specification.
Overall, for the purpose of specifying the EMM protocol we do not see a need to introduce a third mode value EMM-ACTIVE. For reasons of "economy of description" we would therefore propose to use a model with only two values, EMM-IDLE and EMM-CONNECTED. 
2.3.3
LTE_IDLE/LTE_ACTIVE state instead of IDLE/CONNECTED mode?

If we look at TS 23.060 and TS 24.008 for 2G and 3G GPRS, we find that on the one hand there seems to be something like a tradition in SA2 to develop MM state models involving 3 states (see Annex C). 
On the other hand CT1 (or its predecessor groups CN1 and SMG3 WPA) has consistently shown a preference for an "enriched" state model, involving not only additional temporary states (like GMM-REGISTERED-INITIATED) which are needed for the stage 3 protocol description, but also defining additional variables like "modes" (standby/ready in 2G, PMM-IDLE/PMM-CONNECTED in 3G), substates (like GMM-REGISTERED.LIIMITED-SERVICE) and the GPRS updated status.
This results also in a slightly different grouping of the states, e.g. the states PMM-IDLE and PMM-CONNECTED in the 3G PMM state model of the stage 2 (see Annex C, figure 17) can be identified with the state/mode combinations GMM-REGISTERED/PMM-IDLE and GMM-REGISTERED/PMM-CONNECTED in the stage 3. As highlighted in section 2.2 above, for EPS a similar relationship can be established between the TS 36.300 NAS protocol states LTE_DETACHED, LTE_IDLE and LTE_ACTIVE and a TS 24.008-like EMM state model.
The main reason for the discrepancy between the stage 2 and stage 3 state models is of course that they serve different purposes. The stage 3 needs additional values or additional dimensions of description because it has to deal with all the possible scenarios that can occur in 'real life', especially with all the error cases and abnormal cases that are usually not considered in stage 2.
Still the question remains whether it would make sense for EPS to try a better alignment between stage 2 and stage 3, or more concrete: should we adopt the state names IDLE and ACTIVE in the sense used by TS 36.300? 

If we look at table 2, we would in that case need to decide which name to assign to the combination EMM-REGISTERED/EMM-CONNECTED – and other combinations like EMM-DEREGISTERED-INITIATED/EMM-ACTIVE and EMM-DEREGISTERED/EMM-CONNECTED. So we would probably end up with several additional states, since a hybrid solution where we have "simple" states like IDLE and ACTIVE and combinations like "IDLE/EMM-CONNECTED" (instead of EMM-REGISTERED/EMM-CONNECTED) would not be very attractive. But in that way we would also loose the capability to make statements for certain groups of state/mode combinations e.g. "In Iu mode, the timer T3312 is reset and started with its initial value, when the MS goes from PMM-CONNECTED to PMM-IDLE mode." or "The routing area updating procedure … is only invoked in state GMM-REGISTERED." 

Even if we start this as a pure renaming exercise, there is no guarantee that in the end it will not also affect the implementation of the EMM state machine. I.e. existing GMM state machines might need some redesign only for reasons of terminology, before they can be adopted for EMM.
For these reasons our proposal is to stick with the TS 24.008-like EMM state model and state names. Once SA2 has defined a state model in TS 23.401 similar to the state model in TS 36.300, we can add a note to our specification indicating that in stage 3 we use a different state model and giving the relationship between DETACHED, IDLE and ACTIVE state and our state/mode combinations. 

For the time being we can already add a similar note with a reference to TS 36.300 to our TR.
3 Proposal
We propose: 
· to adopt a TS 24.008-like state model for the EMM state machine, with corresponding UE main states (EMM-NULL, EMM-DEREGISTERED, EMM-REGISTERED, EMM-REGISTERED-INITIATED, EMM-DEREGISTERED-INITIATED, EMM-SERVICE-REQUEST-INITIATED, and EMM-TRACKING-AREA-UPDATING-INITIATED)

· and corresponding modes EMM-IDLE, EMM-CONNECTED,
· and to describe the relationship to state models defined in other specifications (e.g. TS 36.300) in a note of the TR and later in the TS specifying the NAS protocol:

*************** FIRST CHANGE ************

6.2
Mobility management procedures

Editor's note: This subclause will contain a detailed description of the signalling procedures used between UE and MME.

6.2.1
Overview

6.2.1.1
General

…

6.2.1.2
Types of EMM procedures

…
6.2.1.3
EMM sublayer states
6.2.1.3.1
General

NOTE: 
The names for the EMM sublayer states in the present document can be different from the names used in stage 2 specifications (e.g. 3GPP TS 36.300 [15]). E.g. the state LTE_DETACHED in 3GPP TS 36.300 corresponds to EMM-DEREGISTERED in the present document, and the states LTE_IDLE and LTE_ACTIVE correspond to the combinations EMM-REGISTERED / EMM-IDLE mode and EMM-REGISTERED / EMM-CONNECTED mode, respectively.

Annex A: Quotation from TS 36.300, v 8.1.0

************* begin quote *************

Annex A (informative):
NAS Overview
This subclause provides for information an overview on services and functions provided by the NAS control protocol..

A.1
Services and Functions

The main services and functions of the NAS sublayer include:

-
SAE Bearer control (see 3GPP TR 23.882 [6]);

-
LTE_IDLE mobility handling;

-
Paging origination;

-
Configuration and control of Security.

A.2
NAS protocol states & state transitions

The NAS control protocol uses the following states:

-
LTE_DETACHED:

-
No RRC entity.

-
LTE_IDLE:

-
RRC_IDLE State;

-
Some information is stored in the UE and in the network:

- 
IP address, etc;

-
Security association (keys, etc);

-
UE capability information (FFS);

-
Radio Bearers (FFS);

-
State transition decided in eNB or EPC (FFS);

-
LTE_ACTIVE:

-
RRC_CONNECTED State;

-
State transition decided in eNB or EPC (FFS);

The following figure reflects how the NAS states relate to the RRC:
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Figure A.2: E-UTRAN RRC protocol states

NOTE:
The applicability of the ID unique in Tracking Area (TAID) in LTE_DETACHED is FFS.

The UE context in the EPC will discriminate the 3 states. The UE context in the eNB will only exist in the LTE_ACTIVE state.
************* end quote *************
Annex B: Quotation from TS 36.300, v 8.1.0

************* begin quote *************

7.2
RRC protocol states & state transitions

RRC uses the following states:

-
RRC_IDLE:
-
UE specific DRX configured by NAS;

-
Broadcast of system information;

-
Paging;

-
Cell re-selection mobility;

-
The UE shall have been allocated an id which uniquely identifies the UE in a tracking area;

-
No RRC context stored in the eNB.

-
RRC_CONNECTED:

-
UE has an E-UTRAN-RRC connection;

-
UE has context in E-UTRAN;

-
E-UTRAN knows the cell which the UE belongs to;

-
Network can transmit and/or receive data to/from UE;

-
Network controlled mobility (handover);

- 
Neighbour cell measurements;

-
At PDCP/RLC/MAC level:

- 
UE can transmit and/or receive data to/from network;

- 
UE monitors control signalling channel for shared data channel to see if any transmission over the shared data channel has been allocated to the UE;

- 
UE also reports channel quality information and feedback information to eNB;

-
DRX/DTX period can be configured according to UE activity level for UE power saving and efficient resource utilization. This is under control of the eNB.

Annex C: Quotation from TS 23.060, v 7.4.0
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Figure 16: Functional Mobility Management State Model
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Figure 17: PMM State Model

Annex D: Quotation from TS 24.008, v 7.9.0
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Figure 4.1b/3GPP TS 24.008: GMM main states in the MS
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