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Annex J (informative):
High Level ISR description
J.1 General description of the ISR concept

Idle state Signaling Reduction (ISR) aims at reducing the frequency of TAU and RAU procedures caused by UEs reselecting between E-UTRAN and GERAN/UTRAN which are operated together. Especially the update signaling between UE and network is reduced. But also network internal signaling is reduced. To some extent the reduction of network internal signaling is also available when ISR is not used or not activated by the network.

UMTS described already RAs containing GERAN and UTRAN cells, which also reduces update signaling between UE and network. The combination of GERAN and UTRAN into the same RAs implies however common scaling, dimensioning and configuration for GERAN and UTRAN (e.g. same RA coverage, same SGSN service area, no GERAN or UTRAN only access control, same physical node for GERAN and UTRAN). As an advantage it does not require any network interface functionality.

ISR enables signaling reduction with separate SGSN and MME and also with independent TAs and RAs. Thereby the interdependency is drastically minimized compared with the GERAN/UTRAN RAs. This comes however with ISR specific node and interface functionality. SGSN and MME may be implemented together, which reduces some interface functions but results also in some dependencies.

ISR support is mandatory for E-UTRAN UEs that support GERAN and/or UTRAN and optional for the network. ISR requires special functionality in both the UE and the network (i.e. in the SGSN, MME, SGW and HSS) to activate ISR for a UE. The network can decide for ISR activation individually for each UE. Gn/Gp SGSNs do not support ISR functionality.
It is inherent functionality of the MM procedures to enable ISR activation only when the UE is able to register via E-UTRAN and via GERAN/UTRAN. For example, when there is no E-UTRAN coverage there will be also no ISR activation. Once ISR is activated it remains active until one of the criteria for deactivation in the UE occurs or until SGSN or MME indicate during an update procedure no more the activated ISR, i.e. the ISR status of the UE has to be refreshed with every update.

When ISR is activated this means the UE is registered with both MME and SGSN. Both the SGSN and the MME have a control connection with the S-GW. MME and SGSN are both registered at HSS. The UE stores MM parameters from SGSN (e.g. P-TMSI and RA) and from MME (e.g. GUTI and TA(s)) and the UE stores session management (bearer) contexts that are common for E-UTRAN and GERAN/UTRAN accesses. In idle state the UE can reselect between E-UTRAN and GERAN/UTRAN (within the registered RA and TAs) without any need to signal with network. SGSN and MME store each other’s address when ISR is activated.
When ISR is activated and downlink data arrive the S-GW initiates paging processes on SGSN and on MME. In response to paging or for uplink data transfer the UE performs normal Service Request procedures on the currently camped-on RAT without any preceding update signaling (there are existing specifics that may require RAU procedures when GERAN/UTRAN RAs are used together with ISR as specified in TS 23.060 [7]).
The UE and the network run independent periodic update timers for GERAN/UTRAN and for E-UTRAN. When the MME or SGSN do not receive periodic updates MME and SGSN may decide independently for implicit detach, which removes session management (bearer) contexts from the CN node performing the implicit detach and it removes also the related control connection from the S-GW. Implicit detach by one CN node (either SGSN or MME) deactivates ISR in the network. It is deactivated in the UE when the UE cannot perform periodic updates in time. When ISR is activated and a periodic updating timer expires the UE starts a Deactivate ISR timer. When this timer expires and the UE was not able to perform the required update procedure the UE deactivates ISR.
Part of the ISR functionality is also available when ISR is not activated because the MM contexts are stored in UE, MME and SGSN also when ISR is not active. This results in some reduced network signaling, which is not available for Gn/Gp SGSNs. These SGSNs cannot handle MM and session management contexts separately. Therefore all contexts on Gn/Gp SGSNs are deleted when the UE changes to an MME. The MME can keep their MME contexts in all scenarios.

J.2 Usage of the TIN

The UE may have valid MM parameters both from MME and from SGSN. The “Temporary Identity used in Next update” (TIN) is a parameter of the UE’s MM context, which identifies the UE identity to be indicated in the next RAU Request or TAU Request message. The TIN also identifies the status of ISR activation in the UE.

The TIN can take one of the three values, “P-TMSI”, “GUTI” or  “RAT-related TMSI”. The UE sets the TIN when receiving an Attach Accept, a TAU Accept or RAU Accept message according to the rules in table J.2-1.

Table J.2-1: Setting of the TIN
	Message received by UE
	TIN value stored by UE
	TIN value set by the UE when receiving message

	Attach Accept via E-UTRAN

(never indicates ISR activation)
	Any value
	GUTI

	Attach Accept via GERAN/UTRAN

(never indicates ISR activation)
	Any value
	P-TMSI

	TAU Accept not indicating ISR
	Any value
	GUTI

	TAU Accept indicating ISR
	GUTI
	GUTI

	
	P-TMSI or RAT-related TMSI
	RAT-related TMSI

	RAU Accept not indicating ISR
	Any value
	P-TMSI

	RAU Accept indicating ISR
	P-TMSI
	P-TMSI

	
	GUTI or RAT-related TMSI
	RAT-related TMSI


ISR activation indicated by the RAU/TAU Accept message but the UE not setting the TIN to “RAT-related TMSI” is a special situation. Here the UE has deactivated ISR due to special situation handling (see clause J.6). By maintaining the old TIN value the UE remembers to use the RAT TMSI indicated by the TIN when updating with the CN node of the other RAT.
Only if the TIN is set to “RAT-related TMSI” ISR behavior is enabled for the UE, i.e. the UE can change between all registered areas and RATs without any update signaling and it listens for paging on the RAT it is camped on. If the TIN is set to “RAT-related TMSI”, the UE’s P-TMSI and RAI as well as its GUTI and TAI(s) remain registered with the network and valid in the UE.
When ISR is not active the TIN is always set to the temporary ID belonging to the currently used RAT. This guarantees that always the most recent context data are used, which means during inter-RAT changes there is always context transfer from the CN node serving the last used RAT. The UE identities, old GUTI IE and additional GUTI IE, indicated in the next TAU Request message, and  old P-TMSI IE and additional P-TMSI/RAI IE, indicated in the next RAU Request message depend on the setting of TIN as given in Table J.1-1.

Table J.2-2: Old UE Identities to be used in TAU/RAU Request(old GUTI or old P-TMSI/RAI) 
	Message to be sent by UE
	TIN value: P-TMSI
	TIN value: GUTI
	TIN value: RAT-related TMSI

	TAU Request
	GUTI mapped from P-TMSI/RAI
	GUTI
	GUTI

	RAU Request
	P-TMSI/RAI
	P-TMSI/RAI mapped from GUTI
	P-TMSI/RAI


The UE indicates also information elements “additional GUTI” or “additional P-TMSI” in the TAU or RAU Request, respectively. These information elements permit the MME/SGSN to find the already existing UE contexts when the “old GUTI” or “old P-TMSI” indicate values that are mapped from other identities.
J.3 ISR activation
The information flow in Figure J.3-1 shows an example of ISR activation. For explanatory purposes the figure is simplified to show the MM parts only.
The process starts with an ordinary Attach procedure not requiring any special functionality for support of ISR. The Attach however deletes any existing old ISR state information stored in the UE. With the Attach request message, the UE sets its TIN to “GUTI”. After attach with MME, the UE may perform any interactions via E-UTRAN without changing the ISR state. ISR remains deactivated. One or more bearer contexts are activated on MME, S-GW and P-GW, which is not shown in the figure.

The first time the UE reselects GERAN or UTRAN it initiates a Routing Area Update. This represents an occasion to activate ISR. The TIN indicates “GUTI” so the UE indicates a P-TMSI mapped from a GUTI in the RAU Request. The SGSN gets contexts from MME and both CN nodes keep these contexts because ISR is being activated. The SGSN establishes a control relation with the S-GW, which is active in parallel to the control connection between MME and S-GW (not shown in figure). The RAU Accept indicates ISR activation to the UE. The UE keeps GUTI and P-TMSI as registered, which the UE memorises by setting the TIN to “RAT-related TMSI”. The MME and the SGSN are registered in parallel with the HSS.

After ISR activation, the UE may reselect between E-UTRAN and UTRAN/GERAN without any need for updating the network as long as the UE does not move out of the RA/TA(s) registered with the network.

The network is not required to activate ISR during a RAU or TAU. The network may activate ISR at any RAU or TAU that involves the context transfer between an SGSN and an MME. The RAU procedure for this is shown in Figure J.3-1. ISR activation for a UE, which is already attached to GERAN/UTRAN, with a TAU procedure from E-UTRAN works in a very similar way.
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Figure J.3-1: ISR Activation example
J.4 Downlink data transfer
Figure J.4-1 shows a downlink data transfer to an idle state UE when ISR is activated. The S-GW receives downlink data. Because of activated ISR, the S-GW has control connections with both MME and SGSN and sends therefore downlink data notifications to both nodes. MME and SGSN start their paging procedures, which results in paging of the UE in the registered RA and TA(s) in parallel.

In the example illustrated in Figure J.4-1 it is assumed that the UE camps on E-UTRAN. So the UE responds to paging as usual with Service Request. This triggers the MME to setup the user plane connection between eNodeB and S-GW. The downlink data are transferred to the UE.

When the UE camps on UTRAN/GERAN it performs the paging response as specified for these access systems without any required update or other signalling before. The downlink data are then transferred via UTRAN/GERAN to the UE. 
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Figure J.4-1: Downlink data transfer with ISR active
J.5 ISR deactivation
Deactivation of ISR for the UE does not require any specific functionality. The status of ISR activation is refreshed in every RAU and TAU Accept messages. If there is no explicit indication of ISR Activated in these messages then ISR is deactivated and the UE sets its TIN to “GUTI” or “P-TMSI” depending on RAU or TAU. This causes always ISR deactivation when a UE performs a RAU with a Gn/Gp SGSN of any standards release as these SGSNs never indicate ISR Activated to the UE.
J.6 Handling of special situations
Situations may occur that cause unsynchronized state information in the UE, MME and SGSN. Such situations are:

· Modification or activation of additional bearers,
· Missing periodic updates, e.g. because the coverage of a RAT is lost or the RAT is no more selected by the UE (this may result also in implicit detach by SGSN or MME),
· CN node change resulting in context transfer between the same type of CN nodes (SGSN to SGSN or MME to MME),
· S-GW change,
· Change of the UE specific DRX parameters,

· Change of the UE Core Network Capabilites,
· E-UTRAN selection by a UTRAN-connected UE (e.g. when in URA_PCH to release Iu on UTRAN side).
There are no ISR specific procedures to handle such situations to avoid additional complexity and error cases. All special situations that cause context in the UE, MME and SGSN to become asynchronous are handled by ISR deactivation. The normal RAU/TAU procedures synchronize contexts in MME and SGSN and activate ISR again when wanted by the network. 

Some specific handling is defined to enable combined MME/SGSN. For this the UE signals at UTRAN RRC level always an Intra Domain NAS Node Selector (IDNNS) derived from the ID signaled as P-TMSI (also when mapped from GUTI) and at E-UTRAN RRC level the GUTI that is signaled in TAU (also when derived from P-TMSI). This handling is performed by the UE independent from the network configuration. It is not visible to the UE whether MME and SGSN are combined.
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Normal Attach procedure, nothing special for ISR besides deactivation of any potential old ISR states
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