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Introduction

Over the past year or so the topic of signalling free mobility across 3GPP technologies has been heavily debated within the scope of SAE work. This paper provides a solution based on the principle that DL packets can be sent by the SAEGW to the last access were the UE was registered in and then paging (and packet forwarding) can be done over S3 over the other technology.

The cases of the UE camped in UMTS in idle and URA-PCH states and the case in which the UE is camped in Idle state in LTE are addressed. Note that when a UE is in URA-PCH,DL packets will be forwarded always to the  SGSN. So the case of UE in URA-PCH and data arriving at the MME does not need to be handled. In fact, even if a UE camps on LTE in idle state without generating location update signalling, because the TA belong to the current list of Equivalent TA’s, data will go to the SGSN and then to the RNC until the UE is still in URA-PCH, or to the SGSN if the UE moves back to UMTS idle state. Data will be forwarded to the MME only if the UE is in idle state while camped in LTE and it crosses an equivalent TA’s boundary. In this case the UE exits URA-PCH as the MME notifies the SGSN that it is now in control of the UE downlink UP termination.
Proposed change:

7.6.3
Selected Solution(s)










The selected solution is based on the principle that DL packets are sent by the SAEGW to the last access were the UE was registered in, and then paging over the other technology can be triggered using the S3 interface (as well as packet forwarding) 

When a UE is switching between LTE and pre-LTE technologies in idle state within the set of Equivalent Tracking Areas, it can move without generating signalling. When Equivalent tracking area boundaries are crossed in the technology the UE is currently camped on, the UE issues a TA update in that technology. When the location update happens in UMTS or GSM, the SGSN (or the MME, if the update was over LTE) knows the location of a user down to the granularity of the new Equivalent tracking areas the UE is located in, and also it informs the MME (or SGSN, if the update was over LTE) that now it is in control of the DL UP termination in idle mode. Also, at this time the SGSN (or the MME) can update the SAEGW with the IP address for DL tunnels termination, if the UE was not previously registered with the SGSN (or MME).

So, the SAEGW has always a tunnel towards the SGSN or towards the MME (depending on whether the last update was received over UMTS/GPRS or LTE). When a downlink packet is received at the SAEGW, the SAEGW sends it to the SGSN or the MME depending on which was the last node updating the SAEGW. Paging is then initiated from the technology where the UE last issued a TA/RA update (both within this technology and towards the other technology). 

If the UE was on UMTS/GPRS when it last issued a RA/TA update, then downlink packets are sent by the SAEGW towards the SGSN.  If the UE is in  PMM-idle or GPRS STANDBY state, the SGSN initiates paging over UMTS/GPRS  and it also triggers paging towards the MME used by the UE, so that paging also occurs over LTE within the list of equivalent TA’s. This is described in figure x.x here below. The MME used by the UE is known as and association between MME and SGSN needs to be established when the list of equivalent RA is provided to the UE at Registration or at TA/RA update.


[image: image1.wmf] 

MME

 

S1

-

u

 

SGSN

 

X?

 

UTRAN

 

eNB

 

UE

 

1. Data

 

11

. User Plane Route Update 

 

13. Radio bearer Confirm

 

Iu

 

SAEGW

 

S1

 

Uu

 

S3

 

S4

 

8. Forwarded data

 

4. Paging Req

 

6.Pagin

g response

 

1

0

. Radio bearer Req. (QoS, RRC keys)

 

12. RB Establishment 

 

14. Forwarded data

 

2. Data

 

5 Paging 

 

4 Paging Req

 

5 Paging 

 

15. Forwarded data

 

3. Paging Req

 

7. Paging r

esponse

 

9. Security functions

 

3a. Paging Req ACK

 

S1

-

m

 


Figure x.x – Message flow for last update received over 2G/3G and UE in PMM-IDLE or GPRS standby
1) data arrives at the SAEGW

2) the SAEGW sends data to the SGSN as the UE last updated the system from UMTS/GPRS and SAEGW has a tunnel set up towards the SGSN

3) the SGSN sends paging request to the MME as the UE is in PMM-IDLE or GPRS standby state. 

3a) the MME responds with a Paging Req. ACK message, which also sets up a user plane for forwarding of downlink data from SGSN to MME, This user plane for forwarding would be used later on in the event that paging is successfully reported to the SGSN by the MME. This will speed up the forwarding of data from the SGSN towards the other access technology. This user plane would be torn down in case paging failed on both technologies or paging was successful over 2G/3G.
4) Paging request is sent by MME and SGSN to respective RAN nodes.

5) Paging is performed over the radio interface by UTRAN and eNB, Paging fails on UMTS as the UE has moved to LTE.

6) UE is camped on LTE and successfully reports to LTE access system with a paging response. 

7) the MME sends a Paging response message to the SGSN. The SGSN stops paging over UMTS radio.

8) the SGSN forwards incoming data to MME over the tunnel established in step 3a) 

9) security functions may be performed by MME

10) The MME establishes an Access bearer towards the ENB.

11) the E-NodeB updates route towards SAEGW 

12) the Radio bearer is set up between the ENB and the UE

13) confirmation or Radio bearer set up arrives at the MME. This will include signalling information needed to route  downlink traffic from the MME to the E-NodeB.

14) Data received at step 8 is sent to the UE as the MME forwards data to the E-nodeB using the data provided in step 13).

If the UE is in URA-PCH state, downlink packets reach the RNC. The RNC pages over the relevant URAs and triggers the MME via the SGSN so that paging also occurs on LTE over the list of equivalent TA’s. This is shown in figure y.y here below, where we also assume that the UE is camped on LTE in LTE Idle and so paging over UMTS fails.
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Figure y.y Message flow for last update received over 2G/3G and UE in URA-PCH state.

1) data arrives at the SAEGW

2) the SAEGW sends data to the SGSN as the UE last updated the system from UMTS/GPRS and the SAEGW has a tunnel set up towards the SGSN. The SGSN relays data to the RNC as the UE is in URA-PCH state

3) the RNC sends paging request to the MME via the SGSN

3a) the MME responds with a Paging Req. ACK message via the SGSN. This message also sets up a user plane for forwarding of data from RNC to MME. This user plane for forwarding would be used later on in the event that paging is successfully reported to the by the MME. This will speed up the forwarding of data from the RNC towards the other access technology. This user plane would be torn down in case paging failed on both technologies or paging was successful over 2G/3G.
4) Paging request is sent by the MME to the EnodeB.

5) Paging is performed over the air by UTRAN and eNB, paging fails on UMTS as the UE has camped onto LTE.

6) The UE is camped on LTE and successfully reports to LTE access system with a paging response.

7) The MME sends a Paging response message to the RNC via the SGSN. The RNC stops paging over UMTS radio.

8) The RNC forwards incoming data to MME over the tunnel established in step 3a)

9) Security functions may be performed by the MME

10) The MME request establishment of S1 and radio bearer

11) the E-NodeB updates route towards SAEGW

12) The Radio bearer is set up

13) Confirmation or Radio and S1 bearer set up arrives at the MME. This will include information needed to route downlink traffic to the E-NodeB.

14) Data received at step 8 be sent to the UE by the MME.

If the UE last updated the MME using a TA update procedure, then the packet is sent by the SAEGW to the MME. Paging occurs on LTE and a paging request is also sent by the MME towards the SGSN used by the UE so that paging also occurs on UMTS/GPRS over the list of equivalent TA’s. 

The message flow is shown in figure in figure z.z here below.
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Figure z.z: UE Message flow for last update received over LTE and UE in LTE-IDLE state.

1) Data arrives at the SAEGW

2) The SAEGW sends data to the MME as the UE last updated the system from LTE and so the  SAEGW has a tunnel set up towards the MME.

3) The MME sends paging request to the SGSN

3a) the SGSN responds with a Paging Req. ACK message, which also sets up a user plane for forwarding of downlink data from MME to SGSN. This user plane for forwarding would be used later on in the event that paging is successfully reported to the by the SGSN. This will speed up the forwarding of data from the MME towards the other access technology. This user plane would be torn down in case paging failed on both technologies or paging was successful over LTE.

4) Paging request is sent by MME and SGSN to respective RAN nodes.

5) Paging is performed over the radio by UTRAN and eNB, paging fails on LTE as the UE has moved to UMTS.

6) UE is camped on UMTS and successfully reports to UMTS access system with a paging response.

7) the SGSN sends a Paging response message to the MME. The MME stops paging over LTE radio.

8) the MME forwards incoming data to SGSN over the tunnel established in step 3a)

9) security functions may be performed by SGSN

10) SGSN updates route towards SAEGW

11) A Radio access bearer is set up over UMTS

12) Data received by the SGSN at step 8 be sent to the UE

Note: when a UE is in URA-PCH,DL packets will be forwarded always to the  SGSN. So the case of UE in URA-PCH and data arriving at the MME does not need to be handled. In fact, even if a UE camps on LTE in idle state without generating location update signalling, because the TA belong to the current list of Equivalent TA’s, data will go to the SGSN and then to the RNC until the UE is still in URA-PCH, or to the SGSN if the UE moves back to UMTS idle state. Data will be forwarded to the MME only if the UE is in idle state while camped in LTE and it crosses an equivalent TA’s boundary. In this case the UE exits URA-PCH as the MME notifies the SGSN that it is now in control of the UE downlink UP termination.
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