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Abstract of the contribution: This contribution discusses the introduction of Idle-mode Signalling Reduction (ISR) functionality which is proposed for reduction of the signalling over the radio interface.
Introduction

In the TR 23.882 chapter 5 Requirements on the Architecture, point 32 it is stated: “The SAE/LTE system shall provide effective means to limit signalling during inter-RAT cell-reselection in LTE_IDLE state. For example, similar performance to that of the "Selective RA Update procedure" defined in TS 23.060. Optimisation for movement to/from states such as URA-PCH and GPRS-Standby shall be studied.” 

In TR 23.882 chapter 7.6.3 Selected Solution(s) it states “It is agreed that UE registers to both the SAE network and the UMTS network separately. After that, whether the MME and the SGSN should be both registered to HSS is FFS. It is also agreed that the UE gets separate RAI and TAI for 2G/3G or LTE/SAE mobility management, allocated respectively by SGSN or MME/UPE.”

Introducing ISR to the EPS requires investigations of some area as defined as FFS above i.e. URA_PCH and how to handle the registration in HSS. It is also important to look into the effects of ISR to the different procedures in the EPS. The procedures/functionalities which are effected by introducing ISR are:

· Paging

· RAU e-UTRAN ( 2G

· RAU e-UTRAN ( 3G

· TAU e-UTRAN ( e-UTRAN

· Detach

· Periodic RAU/TAU and Mobile Reachable Timer in SGSN respective MME
· Authentication

· Update Location

· Cancel Location

· Insert Subscriber Data incl. Restriction handling

  These procedures/functionalities are also discussed in the discussion chapter below.

Discussion

URA_PCH in ISR

In rel 7 the URA_PCH is an UTRAN internal power saving connected mode. The Core Network has no knowledge of this mode and treats the UE as in active mode, which means that DL PDUs is sent directly to the RNC which makes an UTRAN internal paging (CN not aware of this paging activity). If in URA_PCH the UE moves to a new RA or changes RAT (2G) the UE initiates a RAU which means that the UE is moved from URA_PCH to idle mode and the HLR registration is updated. 
Some solutions have been discussed to include URA_PCH in ISR, with more or less impacts to the legacy RNC and UE. The two main solutions proposed are:
1 Going from active mode to URA_PCH the RNC shall send status information (URA_PCH / Idle Mode) to CN. This makes it possible for the CN to page the UE in all registered RAs (2G/3G) and TAs (e-UTRAN). The drawback with this solution is that the signalling load over Iu and S4 are increased as the inactivity timer to move to from URA_PCH is RNC implementation dependent and can be very short. In legacy the UE in 3G URA_PCH is not listening on paging via the paging channels use when paging from CN i.e. not possible to page in any RAT from CN. 
2 DL PDUs are sent to the RNC as if the UE was in 3G active mode. If the RNC can not find the UE it has to inform the SGSN (status message or returning the DL PDU) that the paging was unsuccessful and the CN has to page in a wider area i.e. the other register RAT’s (2G and e-UTRAN). The drawback with this solution is that the RNC has to be modified and in legacy the UE is not listening to 2G paging if it is in 3G URA_PCH. As the DL PDU are sent to RNC and RAN internal paging are performed before paging can be performed in a wider area delays are introduced if the UE has moved to 2G or E-UTRAN.
A third solution is to keep the legacy principles for 3G URA_PCH which gives the following functionality if ISR are introduced:

· The UE is in 3G active mode and as it also have previously been in idle mode in E-UTRAN and/or 2G it is also registered by the CN in these RA and/or TAs. (Previous registrations are kept also during active mode) 
· The UE goes to 3G URA_PCH due to user inactivity. CN sees the UE as active in 3G and all DL PDUs is sent to the valid RNC, no CN controlled paging needed.

· If as in legacy the UE in 3G URA_PCH moves to a new RAT (2G or e-UTRAN) or new 3G RA the UE initiates a RAU or TAU. This gives the result that the UE is moved to idle mode and the registration is updated in the CN via a RAU/TAU. 
If the UE goes from this new RA/TA back to the previous 3G RA or any other previously registered TAs, no signalling is needed.  

The drawback to keep the legacy solution is that ONE extra RAU/TAU procedure has to be executed when moving from URA_PCH. This compared to the needed modification of legacy RNC and UE, increased load from status indication from RNC to CN and the effects on paging seems to be a drawback that can be neglected.
Including URA_PCH mode in ISR or not effects only the paging procedure in EPS. The URA_PCH is a RAN state designed to be activated and configured based on radio properties together with the user plane activity and transparent to the CN and changing this to be a CN aware idle mode will violate this basic design ideas.
PROPOSAL:

Keep the 3G URA_PCH the same in 3GPP rel-8 as in 3GPP rel 7 .i.e. Change to E-UTRAN from 3G URA_PCH results in a TAU in the same way as going from 3G URA_PCH to 2G results in a RAU.
Registration in HSS

As agreed in TR23.882 the UE shall be “…registers to both the SAE network and the UMTS network separately. After that, whether the MME and the SGSN should be both registered to HSS is FFS.” Based on previous discussion it seems as two main solutions exists:
1 Both the valid SGSN and MME are registered in the HSS at the same time.

2 Only the latest updated location is registered in HSS i.e. SGSN or MME
In the table below comparisons are made for the two HSS solutions for some different procedures:
	Procedure / Functionality
	Both accesses registered in HSS (MME and SGSN)
	Only latest location registered in HSS

	Attach
	
	

	
	Update Location
	The node (SGSN or MME) handling the access in which the attach is performed in is registered in the HSS.
	The node (SGSN or MME) handling the access in which the attach is performed in is registered in the HSS.

	
	Cancel Location
	If already an old MME and/or an old SGSN are registered in the HSS Cancel Location is send to the old node(s).
	If an old node is registered the HSS Cancel Location sends to this node. But if in an ISR case the UE has been registered in two accesses the old node have handle cancellation in the other access.

	
	Insert Subscriber Data incl. restrictions data
	The HSS sends Subscription Data to the access it is attaching in.
	The HSS sends Subscription Data to the access it is attaching in.

	TA Update or RA Update
	
	

	
	Update Location
	Only one of the locations are updated i.e. if it is a TAU the MME is updated or if its RAU the SGSN is updated.
	Location updated with the latest location, previous location cleared.

	
	Cancel Location
	Cancel Location of any or both of the locations (MME or SGSN) can be performed by the HSS. Cancel Location only performed if SGSN or MME is changed i.e. multiple SGSNs or MMEs can not be registered.
	Cancel Location can only be performed for the latest registered location. If Cancel Location shall be performed of previous locations this has to be handled/coordinated by MME or SGSN depending on which was the latest registered. 

	
	Insert Subscriber Data incl. restrictions data

	The HSS can in parallel or for the relevant access update subscriber data.
	The HSS has to transfer subscription data incl. restrictions for all access to the latest access which has to handle/coordinated with the previous registered access.

	Purge
	The MME or SGSN can independent of each other send “Purge UE” to HSS as each of them are registered in the HSS 
	If the previous node (i.e. not registered in HSS, only the latest is registered) sends the Purge request the HSS ignores the request.

	Insert Subscriber Data (Standalone procedure)
	If subscriber data is updated in the HSS the HSS can update the registered nodes with the new subscriber data. This can be handled in parallel to both access
	If subscriber data is updated in the HSS the HSS can only update the last registered node with the new subscriber data and this node has to handle the subscriber update of the other node.


PROPOSAL:
Both access (SGSN and MME) registered in the HSS to avoid coordinate handling by SGSN and MME especially for Cancel Location and Insert Subscriber Data. If only one node is registered in the HSS it can only send the command (i.e. Cancel Location and Insert Subscriber Data) to the registered node and this node has to derive the relevant information and transfer that to the previously registered node. 
Periodic RAU / TAU and Mobility Reachable Timer (MRT)
Rel 7 3GPP Periodic RAU functionality (TS23.060 chap. 6.2.2):

The Periodic RA Update Timer function monitors the periodic RA update procedure in the MS. The periodic RA update timer is unique within an RA. Upon expiry of the periodic RA update timer, the MS shall start a periodic routeing area update procedure. If the MS is out of GPRS coverage when the periodic RA update timer expires, the periodic RA update procedure (or other appropriate update procedure) shall be started as soon as the MS returns to GPRS coverage.

Rel 7 3GPP Mobility Reachable Timer functionality (TS23.060 chap. 6.2.3):

The Mobile Reachable Timer function monitors the periodic RA update procedure in the SGSN. The mobile reachable timer shall be slightly longer than the periodic RA update timer used by an MS. The mobile reachable timer is stopped when the READY state or PMM‑CONNECTED state is entered. The mobile reachable timer is reset and started when the state returns to STANDBY or PMM‑IDLE. If the mobile reachable timer expires, the SGSN shall clear PPF. Typically, in GPRS, this causes the SGSN to stop sending GPRS paging to the MS. PPF is set when the next activity from the MS is detected. The MM and PDP contexts shall be kept in the SGSN. When an MS first registers in an SGSN, then PPF is set.

Based on the assumption that the above principles also shall be used in EPS, at least two alternatives can be seen:

1 One periodic timer in the UE

2 Two periodic timers in the UE one for E-UTRAN and one for 2G/3G

, Legacy default timer values are 54 minutes for the periodic timer in UE and default timer in SGSN is “UE periodic timer+4minutes”.

One Periodic Timer in UE

This gives one Periodic Timer in the UE and one Mobile Reachable Timer in SGSN respective MME. It is foreseen that the UE moves silently between registered RA and TAs.
Periodic RAU/TAU can only be performed on the one access in coverage and if MRT is running in both SGSN and MME in parallel the one that is not reached by the Periodic RAU/TAU is then going to disable the possibility of paging by clearing the PPF (Paging Proceed Flag). To get this to work MRT has to be synchronized (over S3) between SGSN and MME to keep the PPF set in both SGSN and MME at the same time, see figure below.
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If the Mobile Reachable Timer is not synchronised between SGSN and MME and the time between the 1) Attach and the 2) TAU procedure is longer than the time difference between the UE Periodic Timer and the Mobile Reachable Timer (default 4 minutes) paging is going to disabled during periods even if the UE is still registered on the node.
Two periodic timers in the UE one for E-UTRAN and One for 2G/3G

This means one periodic timer for each RAT in the UE (one for E-UTRAN and one for 2G/3G) and one Mobile Reachable Timer in SGSN respective MME. This gives per RAT exactly the same solution as in legacy without any synchronization between the two RATs.

The functionality will be:

· UE in coverage
The Periodic Timer expires and initiates a RAU/TAU and paging can still performed in this RAT

· UE out of coverage
The Periodic Timer expires but no RAU/TAU is initiated as the UE is out of coverage. This is followed (default after 4 minutes) by expiry of MRT and PPF is cleared i.e. no paging is performed in this RAT. This is OK as long as the UE does not silently move into this RAT. To solve this there has to be a PRAU/PTAU performed when the UE moves back into coverage in this RAT even if the UE already is registered in this RA/TA. The PRAU/PTAU is needed to set the PPF i.e. enable paging. This is the same functionality as in legacy but from ISR perspective it gives additional signalling over the radio interface.
PROPOSAL

Our proposal is to select alternative 2 as this reuses the legacy solution from 2G/3G. The drawback compared to alternative 1 is that an extra timer is needed in the UE and instead of introducing one synchronization signal over S3 a PRAU/PTAU is performed at change of TA/RA after the UE Periodic Timer has expired. If the UE Periodic Timers are going to have a value in the same area as in legacy this will only give a very minor signalling load compared to alternative 1.
UE Location Update and Cancel Location
Registration of UE in the HSS is performed in the following procedures:

· Attach

· RA Update or TA Update
During attach and RAU procedure (in legacy 3GPP system) the UE location is updated in the HLR if the RA has changed and only one RA at a time is registered. The HLR is also initiating Cancel Location to the old Location (old SGSN). 
By introducing ISR this functionality has to change as both SGSN and MME shall be registered in the HSS at the same time (see Registration in HSS above) and Cancel Location shall only be performed to the node whish is substituted.
In E-UTRAN the TA-list is defined as part the ISR functionality and the build up of the TA-list can be performed in the MME as a result from TA updates. In legacy 2G/3G only one RA is registered at a time and our proposal is to keep this solution also for rel. 8 of 2G/3G to limit the modifications on legacy solutions.
Authentication

The effect from ISR on the authentication procedure needs to be investigated from a security point of view by the SA3 working group in 3GPP.  Question marks related to authentication are:

· Transfer of authentication vectors between SGSN and MME over S3 at Context Request/Response?
· Effects on key sequence numbers? 

A use case can be: 

1 UE authenticates in one node e.g. attach.

2 UE Moves to a new node where also authentication is performed (context transferred from first node) e.g. TAU

3 UE moves silently back to the first node (no context transfer)
4 A Service Request is initiated which also triggers an authentication which is uses security parameters stored in the initial context from step 1 above. Vectors and sequence numbers used? 

Paging

Based on above proposals a straight forward solution for idle mode termination would be to terminate DL packets in Serving GW from which also all paging is initiated, see contribution S2-072504. 

UE awareness of ISR functionality 

ISR can only be supported in a rel. 8 UE which has ISR enabled.

As ISR is an optional functionality the CN nodes (SGSN or MME) has to inform the UE if it supports ISR functionality. This information can be sent to the UE in the Attach Accept and TAU/RAU Accept messages. As pre rel. 8 SGSN is not supporting ISR and the “ISR enable” IE does not exist in the Attach Accept and TAU/RAU Accept messages the UE is informed about the lack of ISR support. On example why the UE has to be aware of the CN node ISR support is the Periodic RAU/TAU procedure described above. If the UE silently moves into a RA it previously has been registered in, which not supports ISR, the Mobile Reachable Timer can have expired resulting in no paging in this RA..
Proposal

It is proposed that based on above discussion and conclusions the following is agreed:

· Keep the 3G URA_PCH principles in 3GPP rel-8 as in 3GPP rel-7 

· HSS keeps both SGSN and MME registered

· Two Periodic Timers in the UE one for E-UTRAN and one for 2G/3G, without any synchronization between the two access.

· Idle mode down link packet termination is performed in Serving GW for all access.
· UE needs to be informed by the CN nodes (SGSN and MME) if they support ISR functionality or not

Regarding the question raised in the authentication chapter above we propose that an LS is sent to 3GPP SA3.

If above is agreed we volunteer to write the corresponding text proposal for TS23.401.
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