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1. Introduction

Two different alternatives have been discussed for DL packet termination in idle mode. The two alternatives discussed are MME and Serving GW and as a result of termination the selected node shall handle DL packet buffering and paging initiation. This contribution makes a comparison of the two solutions and concludes that the termination in Serving GW is the preferred solution.
2. Discussion

The following sections look into different areas which are effected depending on the solution selected.
2.1. Architecture

Below two main architectures are discussed for DL packet buffering, termination in MME or termination in Serving GW. Added to this main architecture solutions also effects on termination for 2G/3G are discussed.  Included in a separate chapter is a discussion of the effects from introduction of a solution for limited signalling in idle mode.  

In the architecture diagrams below the 3G Direct Tunnel (S4_U) is introduced, more details about this can be found in the contributions [1] and [2]. 

2.1.1. Termination in MME
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The termination in MME can be performed by switching the GTP-U tunnel (S1_U) eNodeB ( Serving GW to MME ( Serving GW when the UE goes from active to idle mode. DL packets are transferred via S11 to the MME.  The DL packets are buffered in MME and paging is initiated by the MME and sent to all eNodeBs in the relevant Tracking Area (TA).

As the UE responds on the paging request with a Service Request to the MME a GTP_U tunnel (S1_MME) is set-up from MME to eNodeB and the buffered packets are transferred. A GTP-U tunnel (S1_U) is also set-up between eNodeB and Serving GW which handles the following user plane traffic.

Protocol assumptions for the reference points are as follows:

S1_MME

GTP_U (User Plane) and SCTP (Control Plane)

S1_U

GTP_U (User Plane)

S11


GTP_U (User Plane) and GTP_C (Control Plane)
Adding the 2G/3G architecture to above figure gives a 2G/3G termination in the SGSN transferring the DL packet from Serving GW to SGSN via a UP tunnel as in 2G/3G rel. 7. If UE in idle mode moves from 2G/3G to LTE the tunnel has to be moved from S4 to S11 or the opposite direction from S11 to S4 if UE moves from LTE to 2G/3G.
2.1.2. Termination in Serving GW
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Termination in Serving GW is performed by the MME informs the Serving GW that the UE has gone to idle mode and buffering is started in Serving GW. Paging is initiated by Serving GW to MME which sends paging to all eNodeBs in the relevant TA. As the UE responds on the paging request with a Service Request to the MME the GTP_U tunnel (S1_U) is set-up between eNodeB and Serving GW and DL/UL packets can be transferred.

Protocol assumptions for the reference points are as follows:

· S1_MME

SCTP (Control Plane)

· S1_U

GTP_U (User Plane)

· S11

GTP_C (Control Plane)
2.1.2.1. Termination in SGSN for 2G/3G
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1) If UE is registered in 2G or 3G the DL packet sent to SGSN and buffered.
In a 3G DT case the tunnel is switched from S4_U to S4 when UE goes to idle.

a) Paging if registered in 2G 

b) Paging if registered in 3G.

2) If UE is registered in LTE the DL packet is buffered in Serving GW and Paging Request sent to MME.
a) Paging in LTE
A UE in 2G/3G responding to paging (Service Request) results in a tunnel/bearer set-up as in 2G/3G rel. 7. A UE in LTE responding to paging (Service Request) results in a UP tunnel set-up between eNodeB ( Serving GW.

2.1.2.2. Termination in Serving GW for 2G/3G
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1) If UE is registered in 2G or 3G the DL packet is buffered in Serving GW and a Paging Request or a 1st PDU triggers SGSN’s paging.
In a 3G DT case the tunnel is removed over S4_U when UE goes to idle (same as for LTE). 

a) Paging if registered in 2G

b) Paging if registered in 3G.

2) If UE is registered in LTE the DL packet is buffered in Serving GW and Paging Request is sent to MME.

a) Paging in LTE 
A UE in 2G/3G responding to paging (Service Request) results in a tunnel/bearer set-up as in 2G/3G rel. 7. A UE in LTE responding to paging (Service Request) results in a UP tunnel set-up between eNodeB ( Serving GW.
2.1.3. Limit signalling in Idle Mode

Limit signalling in idle mode is a solution to reduce signalling over the radio interface during idle mode mobility i.e. between different RATs. To reduce the signalling the UE in idle mode shall be able to move between RAs and TAs without performing any RAU/TAU. To make this possible the UE has to be kept registered in all RATs at the same time. Applying limit signalling to idle mode termination gives the following solution in above described architectures:

· Termination in MME and SGSN
DL packets is sent to the node, SGSN or MME, where the UE last was in active mode. A paging trigger is sent to the other node over the S3 interface.  At response (Service Request) in any of the RATs the paging in the other RATs are stopped by signaling over S3. If the response is received in the other node compared to the one buffering the DL packet the DL packet has to be forwarded over S3 via a user plane tunnel to the responding RAT. 
· Termination Serving GW and SGSN
One tunnel exists between Serving GW and SGSN. The Serving GW has to be aware of that the UE is in LTE idle. DL packet is copied in Serving GW and sent to SGSN and one buffered in Serving GW. Paging Request is sent to MME from Serving GW.  At response (Service Request) in any of the RATs the paging in the other RATs are stopped by signaling over S3.
· Termination in Serving GW
The Serving GW is aware of that the UE is in idle mode (LTE Idle, PMM-Idle). DL packet is buffered in Serving GW and paging is simultaneously triggered in MME and SGSN and respective node initiates paging of UE.  At response (Service Request) in any of the RATs the paging in the other RATs are stopped by Serving GW as the tunnel is set-up to the responding RAT 


The URA_PCH is an UTRAN internal power saving connected mode which the 3G core networks has no knowledge about and treats the UE as in active mode. Including URA_PCH mode in the limit signalling solution put new requirements on UTRAN e.g. In case of Termination in SGSN, UTRAN to initiate paging of the other RATs and UTRAN to forward the DL packet back to the CN with information about need for extended paging; in case of termination in Serving GW, UTRAN to send URA_PCH status to the CN. Both solutions have impacts, it is FFS to include URA_PCH in the limiting signalling in idle mode solution. 

2.2. Signalling
The below discussion about signalling is focusing on comparing signalling between SGSN/MME and Serving GW for the two main architectures. The signalling between the SGSN / MME and RAT is the same for the three architectures. The below tables does not include discussion related to limit signalling in idle mode.
2.2.1. Idle Mode
	Action
	Termination  MME
	Termination in Serving GW

	
	2G/3G termination
SGSN
	2G/3G termination
SGSN 
	2G/3G termination
Serving GW

	Active to idle in LTE
	Path switch signalled MME to Serving GW
	UE state signalled MME to Serving GW.
	UE state signalled MME to Serving GW.

	Active to idle in 2G or 3G no DT
	As in 2G/3G rel. 7
	As in 2G/3G rel. 7
	UE State signalled SGSN to Serving GW

	Active to idle in 3G DT
	Path switch signalled SGSN to Serving GW
	Path switch signalled SGSN to Serving GW
	UE state signalled SGSN to Serving GW.

	Idle mode mobility 2G ( 3G 
	No signalling to Serving GW needed
	No signalling to Serving GW needed
	No signalling to Serving GW needed

	Idle mode mobility 2G/3G ( LTE
	Path switch between SGSN (S4) and MME (S11) has to be signaled to Serving GW 
	UE state and tunnel handling signaled to Serving GW. (Tunnel setup going to 2G/3G and removal going to LTE)
	UE state signaled to Serving GW.


As seen from above table the only difference in signalling between SGSN/MME and Serving GW is in the case for active-to-idle transition in 2G and 3G no DT for termination in Serving GW as the UE state is signalled from SGSN to Serving GW.  
2.2.2. Paging

	Action
	Termination  MME
	Termination in Serving GW

	
	2G/3G termination
SGSN
	2G/3G termination
SGSN 
	2G/3G termination
Serving GW

	Paging to LTE
	Every DL packet is sent from Serving GW to MME
	Paging Request from Serving GW to MME
	Paging Request from Serving GW to MME

	Paging to 2G/3G
	Every DL packet is sent from Serving GW to SGSN
	Every DL packet sent from Serving GW to SGSN
	Paging Request/1 DL PDU from Serving GW to SGSN 


In the architecture with termination in MME UP, multiple packets are sent (up to 1500 bytes) from Serving GW and in the case with Serving GW termination it is a single CP message (Paging Request) (or a single PDU) sent from Serving GW.
When the DL packets are buffered in Serving GW the Paging trigger (Paging Request CP message or 1 DL PDU)  is sent from the Serving GW. By a simple logic in the Serving GW only one trigger is needed for each UE to be paged. There will be no paging triggered at each DL packet. Retransmission and other paging strategies can be handled in MME. 
2.2.3. Service Request

	Action
	Termination  MME
	Termination in Serving GW

	
	2G/3G termination
SGSN
	2G/3G termination
SGSN 
	2G/3G termination
Serving GW

	Service Request from LTE
	Signalling to set-up tunnel eNodeB ( MME followed by path switch eNodeB ( Serving GW
	Signalling to set-up S1-U tunnel 
	Signalling to set-up S1-U tunnel

	Service Request from 2G
	As in 2G/3G rel. 7
	As in 2G/3G rel. 7
	As in 2G/3G rel. 7 

	Service Request from 3G. No 3G DT
	As in 2G/3G rel. 7.
	As in 2G/3G rel. 7
	As in 2G/3G rel. 7

	Service Request from 3G. With 3G DT
	Path switch signalling SGSN ( Serving GW to RNC ( Serving GW
	Path switch signalling SGSN ( Serving GW to RNC ( Serving GW
	Signalling for 3G DT Tunnel set-up


In the MME termination case a more complex tunnel handling has to be performed compared with the Serving GW termination case i.e. UP tunnel eNodeB ( MME and UP tunnel eNodeB ( Serving GW
2.3. Functional Split

Based on the TS23.401 v0.3.0 the following additional functionality can be seen for the two termination cases.
2.3.1. Termination in MME:

	MME Functions:

· DL packet buffering

· UP functionality 

· Paging trigger

· Data forwarding over S3

· Packet transferring

· Allocation of tunnel end points (TEID)

· GTP-U protocol to eNodeB (data forwarding over S1-MME)

· GTP-U protocol to Serving GW
· Paging coordination over S3
	Serving GW Functions:

· No additional functions


2.3.2. Termination in Serving GW:

	MME Functions:

· No additional functions
	Serving GW Functions:

· DL packet buffering

· Paging trigger 
· UE mode status (idle / active)


In the 2G/3G case with termination in SGSN and Serving GW gives no change to SGSN functionality. In the 2G/3G case with termination in Serving GW only, some functional modification has to be done in SGSN as the paging shall be triggered by the Serving GW. The modified functionality in SGSN could be based on the 2G/3G rel. 7 Network Initiated Service Request procedure.
2.4. Comparison of termination alternatives 
Based on the above discussed architecture, signalling and functional split the following pros and cons can be listed for respective solution.

DL packet termination in MME:

· Pros

· Same principles can be used as in 3GPP rel. 7 specifications.
· Cons

· Adding user plane functionality to MME
· Allocation of tunnel end-points for the MME (TEID)
· Transferring of DL packets

· DL packet buffering in MME
· Path switching from MME to Serving SEAGW can result in packet reordering.

· GTP_U protocol is added to both reference points S1-MME and S11.
DL packet termination in Serving GW:

· Pros

· No need for UP functionality in MME which reduces the cost for HW, SW and maintenance.
· In a standalone MME deployment the MME node can be very light weight if no UP components are needed.
· Based on TS23.401 v0.3.0 no new functionality needs to be added to the MME.
· Cons

· Buffering in Serving GW increases the requirement on memory capacity. Level of buffering is thought expected to be very low and some buffering capability is expected for other features such as packet inspection.
There can not be seen any major differences in control signalling or user plane load between the two main cases of idle mode termination nor for active-to-idle transition, paging or service request. 
Buffering functionality is assumed to be implementation dependent. Note that in the typical case, the amount of packets to be buffered is expected to be very small. This is because TCP connections start up with a single header-only packet; and for the case of real time applications, there is typically a signalling message exchange causing transition to active mode before any media packets would pass. Hence only relatively small buffers will be needed, which are not expected to cause any significant implementation burden. The added functions packet buffering and paging initiation can not be seen as any heavy execution load on the Serving GW, more on the same load level as bearer/tunnel handling.
Serving GW can not be seen as access agnostic as it handles bearer/tunnel management via S11 for LTE RAN and via S4 for 3G. The Serving GW is some time described as a pure IP-router which can not be the case as:

· Additional functionality as Lawful intercept, defined in TS23.401.

· Bearer / tunnel handling.

· Serving GW will typically not be a standalone node but will be co-located either with PDN GW or MME adding extra functionality.

3. Conclusion

The conclusion based on above discussion is to have the DL packet idle mode termination in the Serving GW. Main effects are on the cost for MME which can be reduced if no UP functionality is needed (not of capacity reason but for no need of payload handling). For the Serving GW no major difference in functionality or implementation can be seen for the two cases.
Making a well defined separation of CP and UP would also simplify and speed-up the specification work. MME will be Control Pane only and thus dedicated to Mobility Management processing with no interruption of Mobility procedures in case of un-predictable DL PDU arrival. Also dimensioning of MME (and associated Legacy SGSN in case of merged MME/SGSN) is not impacted by LTE bearer capacity need. There is no MME UP resources to be engineered to support numbers of Serving GWs
It is FFS if termination for the 2G/3G case is in SGSN or Serving GW.
4. Proposal

The proposal is that SA2 shall select the Serving GW as the termination point of DL packets for UEs in idle mode. 
The below text is proposed to be added to TS23.401, Chapter 4.4.3.2

********************Start of Change ***********************************

4.4.3.2
Serving GW

The Serving GW is the gateway which terminates the interface towards E-UTRAN. 

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

Serving 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 GW)

-
Lawful Interception
-
Packet routing and forwarding
-         Idle Mode Termination
********************End of Change ***********************************
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