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1 Introduction
This contribution proposes inter RAT handover procedures between LTE and Pre-LTE 3GPP system.
2 Discussion

According to the definition of RAN pool area, it is possible that the UE moves in active mode beyond the RAN pool area. There are 2 scenarios of inter RAT handover between LTE and Pre-LTE: Handover without change of MME & AGW, and Handover together with change of MME & AGW. Here AGW includes all three user plane functional entities: UPE, 3GPP Anchor, and SAE anchor.
2.1 Inter RAT handover between LTE and Pre-LTE without change of AGW

When moving within RAN pool area, the MME and UPE needs not to be relocated, this is shown in figure 1. Blue line represents data path before handover, pink lines represents data path after handover.
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Figure 1: Handover without change of MME & AGW
Figure 2 is the procedure for handover from LTE to Pre-LTE without change of MME & AGW. Figure 3 is the procedure for handover from Pre-LTE to LTE without change of MME & AGW. For the compatibility with legacy 3GPP system, the handover procedure is designed to cover the LTE/SAE from SGSN, that is: from the SGSN point of view, the handover is taken place as if it’s a combined hard handover with SRNS relocation procedure. The MME is responsible for translation of sig1nalling and mapping of information (e.g. MM context including security context, RAB information including mapping of QoS) between SAE and SGSN.
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Figure 2: Procedure for handover from LTE to Pre-LTE without change of AGW
1. eNodeB decides the UE need to handover to Pre-LTE according to radio signalling measurements between eNodeB and UE.

2. eNodeB sends “HO request” to UE’s serving MME.

3. MME sends “forward relocation request” to target SGSN, the MM context including security context, and SAE bearer information including both RBs and ABs, are transferred to SGSN in this message. SAE bearer information is translated into RAB and PDP context by MME before transfer.
4. SGSN sends “relocation request” to UTRAN. 

5. Iu establishment between UTRAN and SGSN.

6. UTRAN allocate radio channel for the UE, and sends “relocation request ack” to SGSN. UTRAN send the radio channel configuration parameters allocated for the UE in this message.

7. SGSN sends “forward relocation response” to MME. If packet ordering is needed for some SAE bearers, SGSN prepare data forwarding tunnel for these bearers, and transfer data forwarding tunnel information to MME in this message.

8. MME sends “HO command” to AGW. Data forwarding tunnel information is transferred to AGW in this message if packet ordering is needed for some SAE bearers.

9. If packet ordering is needed for some SAE bearer, AGW starts to send downlink data packet to both SGSN.

10. AGW stops transfer of downlink packet to eNodeB, and send uplink PDCP sequence number to be received to MME in response message “HO command ack”.

11. MME sends “HO command” to UE through eNodeB, transferring radio channel configuration parameters allocated by target UTRAN in step 6 to UE, and order UE to execute handover to UTRAN.
12. MME sends “forward SRNS context” through SGSN to UTRAN. MME translates PDCP sequence number received from AGW into SRNS context.

13. RB is established between UE and UTRAN.

14. UTRAN sends “relocation complete” to SGSN.

15. SGSN send “Update PDP context request” to AGW to update PDP context. AGW release bearer resource for bearer between AGW and eNodeB.
16. SGSN sends “forward relocation complete” to MME.

17. MME sends “bearer release request” to eNodeB. eNodeB release resources for the UE.
18. TA update between UE and SGSN.
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Figure 3: Procedure for handover from Pre-LTE to LTE without change of AGW

1. UTRAN decides the UE need to handover to LTE according to radio signalling measurements between UTRAN and UE.

2. UTRAN sends “relocation request” to SGSN.

3. SGSN sends “forward relocation request” to MME, the MM context including security context, and RAB information, are transferred to MME in this message. 

4. MME translates information received from SGSN, and sends “HO request” to AGW. MME needs to translate RAB information and PDP context into SAE bearer information. MME may also need to generate new keys for usage in SAE.
5. AGW initiates S1 bearer establishment by sending “bearer request” to eNodeB. AGW may consult PCRF for the bearer requested to be established. In this step, eNodeB allocates radio channel resource for the UE, and send the radio channel configuration parameters to AGW in “bearer request ack” message. If some bearer needs packet ordering, AGW starts to forward downlink data to both SGSN and eNodeB.
6. MME sends “forward relocation response” to SGSN. 

7. SGSN sends “relocation command” to UE through UTRAN. In this message, radio channel configuration parameters in target cell are sent to UE.

8. UTRAN stops sending downlink packet to UE, and forward SRNS context to AGW.

9. RB is established between UE and eNodeB.
10. eNodeB sends “route update” to AGW, to change the user plane data path to AGW from SGSN to eNodeB.
11. eNodeB sends “HO complete” to MME.

12. MME sends “forward relocation complete to SGSN” to inform SGSN handover is completed.

13. Iu released between UTRAN and SGSN.

14. TA update between UE and MME.

2.1 Inter RAT handover between LTE and Pre-LTE with change of AGW

According to the agreed assumption in last meeting, the 3GPP anchor always locates in visited PLMN. When UE moves beyond RAN pool area, and moves from LTE/Pre-LTE to Pre-LTE/LTE, both the 3GPP anchor and UPE needs to be relocated. But to keep the persistence of IP address, the original AGW needs to be in the data path as an IP anchoring point. 
There are 2 options for inter RAT handover between LTE and Pre-LTE with change of AGW, one is GTP-based, the other is mobile IP based. In another contribution [1], we discussed the pros and cons of these 2 options, from this contribution you can see that MIP based solution is preferred.
Figure 4 is data path before handover, during handover, and after handover by using MIP based handover procedure. The A-AGW is HA for mobile IP, the oS-AGW is the serving AGW before handover, and the nS-AGW is the serving AGW after handover.
Figure 5 is the MIP-based procedure for handover from LTE to Pre-LTE with the change of MME & AGW. For the compatibility with Legacy 3GPP system, the handover procedure is designed to cover the new LTE/SAE system from SGSN. From SGSN’s point of view, the handover procedure looks like an SRNS relocation procedure. 
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Figure 4: MIP-based handover between LTE and Pre-LTE with change of serving AGW
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Figure 5: MIP-based handover procedure from LTE to Pre-LTE with change of serving AGW
1. eNB decides the UE need to handover to UTRAN according to radio signalling measurements between eNB and UE. eNB sends “HO request” to oMME, including SAE bearer information for the UE. oMME forward this message to nMME, including MM context into this message.
2. nMME selects new AGW for UE, and sends “activate PDP context request” to the nAGW to activate PDP context for the handover. nMME decides the number of PDP contexts and parameters of PDP contexts according to the SAE bearer information received in step 1. If packet ordering is needed in some SAE bearer, ns-AGW also create forwarding tunnel for these bearers, and send this information back to nMME in response message “activate PDP context response”. A forwarding timer is set, after timeout, the forwarding tunnels will be released.
3. nMME sends “forward SRNS relocation” to SGSN. nMME converts MM context into the format recognized by SGSN, and translate SAE bearer information into RAB. nMME also sends the PDP context activated in step 2 to SGSN.
4. Iu established between SGSN and UTRAN. Radio resource for the UE is allocated, and the configuration parameters to speed up the radio handover is transferred to nMME in message “relocation request ack”
5. SGSN sends “forward relocation response” to oMME through nMME.
6. SGSN sends “PDP context update request” to ns-AGW to establish the route from SGSN to ns-AGW.

7. oMME sends “HO command” to UE through eNB, radio channel configuration parameter is sent to UE in this step.

8. oMME sends “HO command” to os-AGW. If some bearer requires packet ordering, the os-AGW starts to forward downlink data to SGSN through ns-AGW. The forwarding tunnel is established in step 2 during PDP activation procedure. When get HO command, os-AGW stops sending downlink packet to eNB. os-AGW sends “HO command ack” to oMME. In this message, PDCP sequence number and other information for restoring of packet numbering is sent to oMME in this message.
9. os-AGW forwards downlink packet to ns-AGW.

10. oMME sends “SRNS context” to UTRAN through nMME and SGSN.

11. RB is established between UE and UTRAN. 

12. UTRAN sends “relocation complete” message to SGSN. SGSN inform relocation complete to oMME through nMME. 
13. oMME intiate bearer release in NB.
14. Mobile IP routing update between UE and A-AGW. After routing update, if it’s MIPv4, a tunnel is established between A-AGW and ns-AGW, and tunnel between A-AGW and os-AGW is released.

15. TA update between UE and nMME.

3 Proposal

We propose to add section 2 into H.x of TR23.882.
4 References

[1] S2-062858: Discussion of solutions to support service continuity and local breakout.
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