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1. Introduction

With the agreed architecture for SAE in SA2#56b, the decision is still open about where to place DL idle-mode packet termination, i.e in the MME or the Serving SAE-GW. Several papers on this topic were presented/submitted to the previous meeting SA2#56b, which are included in the references section. The objective of this paper is not to rehash the arguments that were presented in the previous papers again, but to summarize the trade-offs in a matrix and propose a conclusion. 

2. Discussion

The following matrix is adopted from Nokia, Siemens Networks contribution S2-070797 and expanded upon to add more points of consideration.
	
	Idle-mode user plane tunnel termination in Serving SAE GW
	Idle-mode user plane tunnel termination in MME

	Active/Idle state handling
	In MME and SAE GW
	Only in MME

	Buffering
	SAE GW needs to support buffering capability for idle-mode UEs and not just forward packets to eNB or 2G/3G SGSN.
The buffering requirement in terms of memory is not big.
	MME needs to buffer packets. Buffered packets may need to be delivered from MME after idle to active state transition.

The buffering requirement in terms of memory is not big.

	User plane 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
	Not aligned as Pre-LTE GGSNs do not support packet buffering function.
	Well aligned with legacy 2G and 3G, and also with Rel-7 Direct Tunnel.

	Signalling
	More signalling between MME and SAE GW , (eg MME needs to control Paging Proceed Flag in SAE GW)  and from 2G/3G SGSN to inform SAE GW when the UE has entered GPRS Standby or PMM-Idle or URA-PCH
	No extra signalling

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

In addition MME also runs paging repetition timers for implementing page repetitions and a UE reachability timer.
Paging retransmission strategies are RAT specific. Operating retransmission in the SAE GW requires knowledge of the different paging strategy used in the specific RAT. 
	The MME runs paging repetition and UE reachability timers, which avoid that every downlink packet triggers a paging message.

The Serving SAE GW does not run any paging related timers. 

	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

	MME – SAE GW signalling procedures
	-Initial attach

-state transition
- periodic TAU
-paging
- UE reachability state (PPF)
-load balancing

-keep alive 
-inter SAE GW handover

-handover 2G/3G

-dedicated bearer setup
	-Initial attach

-load balancing

-keep alive (part of tunnel mgmt)
-inter SAE GW handover

-handover 2G/3G

-dedicated bearer setup

	Idle-active transition-network initiated
	1) DL data arrives at SAE GW

2) SAE GW triggers paging request to MME. Starts timer

3) MME pages UE in TA

4) UE responds.

5) Context transfer from MME to eNB. 

6) MME informs SAE GW.

7) eNB sets up RB 

8) eNB sets up tunnel to SAE GW. 


	1) DL data arrives at MME

2) MME pages UE in TA

3) UE responds.

4) Context transfer including buffered packet from MME to eNB. 

5) eNB sets up RB 

6) eNB path-switches tunnel.

	Idle-active transition-UE initiated
	1) UE performs service request with MME

2) Context transfer from MME to eNB. 

3) MME informs SAE GW of eNB

4) eNB sets up RB 

5) Tunnel setup between eNB and SAE GW. 


	1) UE performs service request with MME

2) Context transfer from MME to eNB. 

3) MME informs SAE GW of eNB

4) eNB sets up RB 

5) Tunnel switch from MME to eNB.



	Active-idle transition
	1) RRC release between UE and eNB
2) eNB informs MME and performs context transfer

3) MME informs SAE GW about UE going idle. 
4) Tunnel between Serving SAE GW and eNB for UE removed.
	1) RRC release between UE and eNB

2) eNB informs MME and performs context transfer

3) MME path switches tunnel from eNB to itself.

	Periodic Tracking Area Update / UE reachability timer-expiry [Comparable procedures to sections 6.1.1.2 and 6.2.3 of TS 23.060]
	1) Due to the lack of signalling from the UE (e.g. no periodic Tracking Area Update), the UE reachability  timer expires in MME.

2) The MME informs the SAE GW that the UE Reachability timer has expired.

3) The SAE GW clears the Paging Proceed Flag (i.e. so that it does not send page requests to the MME).

4) The SAE GW discards any downlink data for the UE.

5) The UE regains coverage and/or is switched on.

6) The UE performs an Attach or Tracking Area Update

7) The MME informs the SAE GW that the UE is now reachable.

8) The SAE GW sets the PPF (i.e the next downlink packet will cause a page request to be sent to the MME).

 
	1) Due to the lack of signalling from the UE (e.g. no periodic Tracking Area Update), the UE reachability timer expires in MME.

2) The MMEclears the Paging Proceed Flag (i.e. so that it does not send page requests to the eNodeBs).

3) The MME discards any downlink data sent to it by the SAE GW for the UE.

4) The UE regains coverage and/or is switched on.

5) The UE performs an Attach or Tracking Area Update

6) The MMEsets the PPF (i.e the next downlink packet will cause a page request to be sent to the eNodeBs.



	TAU leading to MME change
	 1) UE to new MME TAU

2) Context transfer from old MME to new MME including Serving SAE GW ID.
3) new MME signals to SAE-GW synchronize idle-state.
	1) UE to new MME TAU

2) Context transfer from old MME to new MME including tunnel parameters.

3) new MME does path-switch from with the SAE GW

	2G/3G Idle-mode signalling reduction
	New “page request” messages need to be supported by the 2G/3G SGSN on the S4 interface.

Handling of URA-PCH may require more messages between the SGSN and the serving SAE GW and serving SAE GW may also need to keep track of UE state in 2G/3G.
	No additional impacts to SGSN. Paging request and data forwarding occurs on the S3 interface between the MME and SGSN. 

Interworking with one-tunnel also has no impacts to SGSN.

	Paging Permission with Access Control (Current SA 1 TR22.908, SP-070138 is focussed on UTRAN, but the regional requirements seem likely to translate to LTE).
	SAE GW has no link to HSS, so this is likely to be difficult to implement.
	The interactions needed for this kind of service appear easier to handle on a signalling platform (cf MME) with an HSS connection rather than on a user plane node (cf SAE GW).

	Combined PDN/Serving SAE GW behaviour difference on S2a/b vs S1/S4.
	Different. With non-3GPP (S2a/b), the SAE GW forwards packets to “last used RAT”, however for S1/S4 interface the SAE GW forwards only for active UEs
	Common: SAE GW always just forwards packets.

	Suitability for rapid growth in data volumes
	(not so good) Control plane functionality remains on UP node
	(good) Only small numbers of user plane packets sent to MME.


3. Conclusion
UE-mobility state:

Based on the table above, downlink idle-mode termination in the Serving SAE GW puts a lot of mobility-state related information (active/idle, PPF) and timers (paging repetition timer, UE reachability timer) in the Serving SAE GW. The UE mobility state needs to be synchronized between the Serving SAE GW and the MME, 2G/3G SGSN and RNC. 

MME-Serving SAE GW signalling:

Downlink idle-mode termination in the Serving SAE GW creates a lot of additional signalling between the MME and the Serving SAE GW related to paging which is not the case when downlink idle-mode termination is in the MME. 
Function of the MME:

In case of downlink idle-mode termination in the MME, the MME needs to perform path-switching function on the S1-MME and S11 interface. On the S1-MME the additional functionality is a subset of the X2-interface functionality and on the S11 interface, the functionality is again a subset of the S1-U functionality. Hence, procedures from X2 and and S1-U can be simply reused . The buffering capability required in the MME will be small, since the downlink traffic to MME during idle-mode is very limited. Once the UE has fully entered Active mode, the MME is not required to do “packet-forwarding”. 
Functionality of Serving SAE GW:

Downlink idle-mode buffering in the Serving SAE GW, requires the Serving SAE GW to perform buffering of packets when UE is in idle state. This is different from the typical function of the Serving SAE GW which is to forward packets. Also the handling of idle-state is very RAT specific, eg paging strategies, UE reachability timers (PPF), etc, requiring the functions related to idle-mode on Serving SAE GW to be specific to 3GPP only.
With downlink idle-mode buffering in the MME, the Serving SAE GW simply performs the function of forwarding packets. This is depicted in the figure below.


[image: image1]
Figure 1: Indicates that the functionality of the Serving SAE GW is reduced when downlink idle-mode buffering occurs in the MME. 
Interaction with 2G/3G SGSN:

With downlink idle-mode buffering in the Serving SAE GW, new “page request” messages need to be supported by the 2G/3G SGSN on the S4 interface. Also, handling of URA-PCH may require more messages between the SGSN and the serving SAE GW and serving SAE GW may also need to keep track of UE state in 2G/3G.

Downlink idle-mode buffering in the MME, does not create additional impacts to 2G/3G SGSN unless “Signalling Free Inactive Mode Mobility” is used. When SFIMM is used, paging request, “connection indication” and data forwarding occurs on the S3 interface between the MME and SGSN.  
With downlink idle-mode buffering in the MME, interworking with Release 7 one-tunnel is simplified since buffering in MME is equivalent to Release 7 one-tunnel. Conversely movement of 2G/3G paging to the GGSN/SAE GW is a complex operational process requiring the synchronisation of multiple vendors’ product roadmaps. 
Scalability

In mature networks, subscriber numbers are expected to grow relatively slowly, however, user plane data volumes are expected to grow rapidly. 

Current MME/SGSN platforms seem likely to be able to handle subscriber numbers and their associated paging traffic. However, radical changes to simplify user plane nodes may well be required in order to handle the increased “user data per subscriber”. 

With a view to this likely future environment, solutions that keep the user plane nodes as simple as possible seem preferable. 

4. Proposal

Given the simplifications in design of the SAE GW and simplification to the interfaces between the MME, 2G/3G SGSN and the SAE GW, it is proposed to have idle mode packet termination in the MME

This is re-enforced by the over-riding need to ensure that the active-mode user plane nodes are appropriate for very high data throughput.
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6. Proposal

*** FIRST CHANGE ***

4.1 Network Elements

4.4.1
EUTRAN

EUTRAN is described in more detail in 3GPP TS 36.300 [5].

EUTRAN functions include:

· Header compression and user plane ciphering

4.4.2
MME 

MME functions include:

· NAS signaling 

· NAS signaling security

· Inter CN node signaling for mobility between 3GPP access networks (terminating S3)

· Idle mode UE Tracking and Reachability
· Downlink user plane tunnel termination and trigger/initiation of paging when downlink data arrives for UE in LTE_IDLE state.
· Roaming (S6a towards home HSS)

· Authentication

NOTE:
The Serving SAE GW and the MME may be implemented in one physical node or separated physical nodes.

4.4.3
SAE GW

4.4.3.1
General

Two logical SAE GWs exist:

· Serving SAE GW

· PDN SAE GW

Functional split of PDN SAE GW and serving SAE GW shall be the same regardless of the use of IETF or GTP based protocols between them.

NOTE:
The PDN SAE GW and the Serving SAE GW may be implemented in one physical node or separated physical nodes.

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)

· Lawful Interception

4.4.3.3
PDN SAE GW

The PDN SAE GW is the SAE gateway which terminates the SGi interface towards the PDN. 

If a UE is accessing multiple PDNs, there may be more than one PDN SAE GW for that UE.

PDN SAE GW functions include:

· Policy Enforcement

· Per-user based packet filtering (by e.g. deep packet inspection)

· Charging Support

· Lawful Interception

*** END OF CHANGES ***

In both cases, Serving SAE GW simply forwards the packets





Active Mode Case


Serving SAE GW routes packets to eNode B when a UE is in active mode


eNode B sends packets on to UE





Idle Mode Case


Serving SAE GW routes packets to MME when a UE is in idle mode


MME buffers packets and initiates paging
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