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Abstract of the contribution:  This contribution evaluate alternatives for user plane termination in the idle state and concludes to have it in the Serving SAE GW.
1. Introduction

RAN2-RAN3-SA2 agreed SAE/LTE architecture as presented in the R3-070397. It was also agreed that idle state termination is above eNB but left open whether user plane termination is in the MME or Serving SAE gateway. In this paper the placement of the idle state user plane termination is further analysed.

2. Discussion

As paging is about both mobility management and user plane handling, it is not easy to include it in either side when control and user plane split is designed. In any case either a node that could become control plane only needs to provide some user plane handling, or a user plane node needs to provide some mobility management functionalities. The network element that terminates the user plane for paging purpose may need to have packet buffering functionality. 
When UE moves into idle state, the eNB releases all resources related to that UE, naturally including tunnel endpoint information. The evolved packet core (EPC) user plane element that terminates S1_U also removes the eNB tunnel endpoint information and on the core network side, any EPC internal tunnels for non real time services are preserved during the idle state.
When downlink data arrive for a UE in idle state the EPC has to initiate paging and may need to buffer the incoming data until S1_U is set up again. This function can be either in the MME or the SAE GW.
In the following table it is compared alternatives in different aspects.

	
	User plane tunnel termination in the idle state in SAE GW
	User plane tunnel termination in the idle state in MME

	Active/Idle state handling
	Active/idle state handling on SAE GW needs to know when to trigger paging or when to forward data
	Active/idle state control in the MME only

	UP function allocation
	Single SAE core node for user plane traffic. Clearer separation between networks elements, no user plane handling in the MME
	Two SAE core node for user plane traffic (SAE GW for all traffic, MME for initial downlink packets)



	Alignment with Pre-LTE
	Rel-8 can specify an aligned Direct Tunnel for 3G and LTE (GGSN proxy concept)
	Well aligned with legacy 2G and 3G, and with Rel-7 Direct Tunnel

	Signalling
	Causes some more node external signalling because SAE GW needs to initiate paging requests to the MME and potential need to signal 2G/3G state transitions to Serving SAE GW
	No extra signalling

Potential need for Inter RAT paging and tunnel setup signalling at Idle to Active transition

	Timers
	The SAE-GW runs paging repetition and UE reachability timers, which avoid that any downlink packet triggers a paging message
	The MME runs paging repetition and UE reachability timers, which avoid that any downlink packet triggers a paging message 

	Buffering
	No significant difference on buffering amount
	No significant difference on buffering amount. Buffered packets may need to be delivered from MME after idle to active state transition.

	Tunnelling
	No significant difference, tunnel establishment/release at transition between idle and active states
	No significant difference, tunnel switching from eNB to MME and vice versa at transition between idle and active states

Potential need for tunnelling from MME to 2G/3G RAT

	Interfaces
	No additional requirements
	Both S1_MME and S11 need to support UP tunnelling


2.1 Tunnel switching and user plane routing
Following figures show step by step how user plane tunnel switching is done in case when UP idle state termination is in the MME or the SAE GW. As shown in the figures there is an additional user plane routing and tunnelling when buffering is done in the MME, which is clear drawback in MME based solution.
From deployment point of view the allocation of the idle state termination at MME would require deploying some user plane transport for such control sites. For such deployment scenarios this increases deployment and network operating costs.
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Figure 1, UE in active mode
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Figure 2, UE in idle mode a) buffering in the SAE GW b) buffering in the MME
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Figure 3, Intermediate state in MME while MME forwards packets to eNB
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Figure 4, UE back in active state
2.2 Idle state handling over all 3GPP accesses
The second issue is about operation of LTE/SAE in parallel with 2G and/or 3G GPRS networks. It is the question which one is more important to align with. In case of 2G the SGSN has the capability to handle user plane termination in the idle state. The same thing is in case of 3G when no Direct Tunnel is used or the SGSN user plane is needed because of other functions. Rel-8 may align LTE/SAE with the Rel-7 Direct Tunnel solution, or Rel-8 may introduce a Direct Tunnel solution with no user plane functions in MME and 3G SGSN. In pre-LTE alignment point of view 2G and Rel-7 Direct Tunnel 3G align better with idle state user plane termination in MME. However the 3G Direct Tunnel solution could also be aligned in Rel-8 time frame with an SAE solution that puts the function in the SAE GW. 

Having agreed parallel UE registrations in UMTS and SAE the main interesting issue for reducing mobility management signalling is the transition from idle state (including URA_PCH) to active state when downlink data have to be transferred.
The approach with reasonable handling of downlink data in terms of buffering, forwarding, and duplication is proposed to be adopted. As shown in contribution S2-071397 there is more effort than advantages when placing idle state user plane termination in MME, i.e. the visited SAE-GW should get functionality of idle state termination for reduction of idle state signalling.
3. Conclusion

Based on the comparison it can be said that MME option provides better alignment with legacy but respectively requires user plane in the future in two places in evolved packet core, which has bad affect for future system solutions. Function in the SAE GW offers possibility to have a control plane only MME when idle/active state handling and paging supervision in SAE-GW. In case the function is placed in the SAE-GW there can be an aligned 3G Direct Tunnel solution in Rel-8 time frame and optimise idle state handling for both systems.

4. Proposal

It is proposed to have idle state user plane termination in the Serving SAE gateway, and update 23.401 as follows:
**** Start of 1st set of changes ****

4.4.3.2
Serving SAE GW

The serving SAE GW is the SAE gateway which terminates the interface towards EUTRAN. 

For each UE associated with the SAE system, at a given point of time, there is a single Serving SAE GW.

Serving SAE GW functions include:

· the local Mobility Anchor point for inter-eNodeB handover

· Mobility anchoring for inter-3GPP mobility (terminating S4 and relaying the traffic between 2G/3G system and PDN SAE GW)
· Idle state user plane termination

· Lawful Interception
**** End of 1st set of changes ****
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