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1 Introduction

This paper proposes a comparative study of different alternatives for mobility between LTE and 3GPP access systems.
2 Discussion
The mobility between SAE and pre-SAE 3G systems is of paramount importance due to the fact that at least in the initial period, we expect that the SAE system will cover fewer but high traffic area, while the UMTS will cover the rest. In this paper, we discuss the different options available for mobility between SAE and pre-SAE systems, and vice versa.

In the following sections we discuss the various architecture alternatives and the mobility solutions covering the same.  In section 3 we discuss the Text Proposal which we propose to add to the 23.882 to add a new alternative based on the discussions in the section 2.

2.1 Architecture 1: Separate MME/UPE, Pre-SAE/LTE GGSN and Inter AS anchor

This architecture describes the topology where MME/UPE, GGSN and inter AS Anchor are in separate nodes. The inter AS Anchor is the anchor node for the UP data traffic for inter SAE/pre-SAE LTE mobility. Since the inter AS Anchor is the node which is common between pre-HO and post-HO data path, the buffering can be done by the inter AS MM Anchor.
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Figure 1: Architecture 1: Combined MME/UPE and Separate UPE, GGSN and Inter AS Anchor
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Figure 2: Handover flows from Evolved System to UMTS for the Architecture 1
1. Based on the signal strength in the evolved system or by other means, the SAE ENB or SAE MME/UPE can decide to handover the UE to UMTS systems. 

2. The SAE MME/ UPE sends an Handover preparation request to the SGSN. Optionally, the ENB can convert SAE specific RRC containers to pre-SAE/LTE specific RRC containers. The RRC containers can be included in the Inter RAT HO request sent to the SGSN. Optionally, in this step the SAE MME can forward the UE PDP context to the SGSN

3. The SGSN can optionally prepare the RNC for the impending handover. 

4. The RNC responds with an HO Response after reserving radio resources. 

5. On obtaining the response form the RNC, the SGSN relays the HO Response command to the SAE MME/UPE. 

6. The SAE MME/UPE forwards the HO response to the ENB. In parallel, the SAE MME/UPE also sends an HO indication to the Inter AS Anchor.

7. The ENB issues an HO Command to the UE upon receiving the HO response from the SAE MME/UPE. At the same time, the Inter AS Anchor starts buffering packets destined to the UE.

8. The UE performs an L2 attach with the UMTS RNC. The RNC can send the relocation detect to the SGSN. 

9. The UE performs an RAU procedure with the SGSN.  The SGSN obtains the UE security context from the SAE MME. However, the RA update procedure can be avoided and the SGSN can obtain the UE context on receiving the relocation detect from the RNC. In this case, the SGSN can create the PDP context with an appropriate GGSN in this step 

10. The UE performs PDP context activation. This can be optimized by the SGSN obtaining the existing PDP context from the SAE MME in Step 2. The SGSN chooses an appropriate GGSN and creates PDP context with the GGSN.

11. User plane route update is performed. If MIP procedures are used then the UE performs the user plane route update as an MIP binding update with the Inter AS MM intimating the Inter AS MM of the new IP address. If optimizations to MIP like proxy MIP or NetLMM procedures are deployed then the user plane route update is performed by the GGSN. 

12. Upon successful completion of the user plane route update procedure, the UE sends an HO complete message to the SGSN, which is relayed to the SAE MME. 

13. The HO complete message triggers the SAE MME/UPE and ENB to release the network and radio resources allocated to the UE. Optionally, to avoid ping-pong effect, there can be a timer at the SAE MME/UPE and the release of the network and radio resources can be made after the expiry of the timer. In parallel, the Inter AS Anchor forwards the buffered packets destined to the UE, to the GGSN
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Figure 3: Handover flows from UMTS to the Evolved System for the general Architecture

1. Based on the signal strength of UMTS or by other means, the UMTS system decides to handover the UE to the evolved system.

2. The SGSN sends an HO preparation request to the SAE MME. This message includes RRC specific containers. Optionally this message can also include the PDP context.

3. The SAE MME can optionally prepare the ENB for the handover by sending an HO Prepare message

4. The ENB converts UMTS specific RRC containers to the LTE specific RRC containers and reserves radio resources and sends an HO response to the SAE MME.

5. The SAE MME sends the HO response message to the SGSN

6. The SGSN forwards the HO response message to the RNC. In parallel it also sends an HO indication message to the GGSN. Optionally this can be sent in Step 5 by the SAE MME to the Inter AS Anchor.

7. The RNC sends an HO command to the UE. In parallel the GGSN forwards the HO indication command to the Inter AS Anchor. 

8. The UE performs an L2 attach with the ENB. The Inter AS Anchor starts buffering packets destined to the UE. This is performed in Step 7 in case the HO indication is received from the SAE MME instep 5. 

9. The UE performs a TA update with the SAE MME/UPE. The SAE MME/UPE obtains security context from the SGSN. This step can be avoided by making the ENB send a relocation detect message to the SAE MME and the SAE MME obtain the UE security context from the SGSN.

10.  The UE performs the user plane (UP) set up procedure for activating the flows. Optionally, the SGSN can forward the PDP context to the SAE MME in step 2 and this step can be avoided. 

11. A user plane route update procedure is performed. If MIP based procedures are used then the UE performs update procedure with the Inter AS MM indicating the new IP address.  If optimizations to MIP like proxy MIP or NetLMM based procedures are deployed, then the user plane rout update is performed by the SAE UPE

12. After completion of the user plane route update procedure the UE sends an HO complete message to the MME/UPE. The MME/UPE sends the HO complete message to the SGSN. 

13. The SGSN deletes the PDP context and releases the network resources and triggers the RNC to release the radio resources. Optionally, to avoid ping-pong effect, a time out can be added to the SGSN to delete the PDP context and release the radio and network resources. In parallel, the Inter AS Anchor forwards the buffered packets destined to the UE, to the SAE UPE.

2.2 Architecture 2: Combined GGSN and Inter AS anchor 

In this architecture, the GGSN and inter AS Anchor are collocated in the same node. The MME/UPE is in separate nodes. Architecture 2 can be seen as a special case of Architecture 1.
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Figure 4: Architecture 2: Combined MME/UPE and Combined GGSN and Inter AS Anchor. 
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Figure 5: Handover flows from the Evolved System to UMTS for Architecture 2 

The flows description is same as that shown for Figure 2 except that in step 11, the user plane route update procedure is an MIP de-registration procedure if MIP is used. This step is avoided if optimizations to MIP like PMIP are used.
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Figure 6: Handover flows from UMTS to the Evolved System for Architecture 2 

The description of flows is identical to those for Figure 3.

2.3 : Architecture 3: Combined GGSN and MME/UPE 

In this architecture the GGSN and MME/UPE are collocated in a single node. 
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Figure 7:  Architecture 3: Combined MME/UPE and GGSN. 
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Figure 8: Handover flows from the Evolved System to UMTS for Architecture 3 

If step 11 for User Plane Route Update in Figure 2 is removed then the Figure 8 can be the same as Figure 2.  If GGSN already had PDP context through Evolved system, then step 10 for creating PDP context can be skipped.
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Figure 9: Handover flows from UMTS to the Evolved System for Architecture 3 

If step 11 for User Plane Route Update in Figure 3 is removed then the Figure 9 can be considered as the same as Figure 3. Therefore Architecture 3 also can be considered as special case of Architecture 1 with removing some steps for the special case where MME/UPE is collocated GGSN.

2.4 Architecture 4: Combined GGSN and UPE, and separation of MME and UPE

In this architecture, the GGSN and the UPE are combined in a single node, while the MME is in a separate node.
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Figure 10: Architecture Alternative 4: Separate MME/UPE and Combined UPE and GGSN
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Figure 11: Handover flows from the Evolved System to UMTS for Architecture 4 

[image: image12.emf]UE

MME

RNC SGSN

2. Handover Preparation Request

3. Handover

Preparation

Request

4. Handover

Preparation

Confirm

5. Handover Preparation Confirm

6. Handover

Preparation

Confirm

6. HO Indication

7. Buffer Packets

8. L2 Association

9.a.  RA Update (SGSN obtains UE Security Context from MME)

10. PDP Context Activation

10. Create PDP Context

11. Handover Complete

13. Release Resources

13. Forward Buffered Packets

1. Handover Decision

ENB

7. HO

Comma

nd

8. Relocation

Detect

UPE and

GGSN

12. Handover Complete

12. Handover

Complete

9. b. Create PDP Context


Figure 12: Handover flows from UMTS to the Evolved System for Architecture 4
The flows description in figure 11 and 12 are the same as those shown in Figure 8 and 9 except having the signaling between MME and UPE. Since only difference is the signaling between MME and UPE for this case, this architecture can also be considered as a special case of Architecture 1.
3 Conclusion

As discussed in the above sections, the mobility solutions for the inter SAE/pre-SAE 3G systems having combined MME/UPE and separate UPE/MME, GGSN and Inter AS Anchor considered as a general architecture where other architectures are special case of it.

The procedure to support Architecture 1 can also be used for Inter MME/UPE mobility and also be used for mobility between 3GPP and non 3GPP systems with some modification.

It is proposed to consider the procedure to support Architecture 1 as a basic procedure for supporting inter 3GPP systems and also for supporting Intra LTE and Inter MME/UPE mobility. It is proposed that the following text proposal to be added in the TR 23.882. 
4 Text proposal

7.8.2.5 Alternative solution D

This architecture describes the topology where MME/UPE, GGSN and inter AS Anchor are in separate nodes. The inter AS Anchor is the anchor node for the UP data traffic for inter SAE/pre-SAE LTE mobility. Since the inter AS Anchor is the node which is common between pre-HO and post-HO data path, the buffering can be done by the inter AS MM Anchor.
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Figure 1: Architecture 1: Combined MME/UPE and Separate UPE, GGSN and Inter AS Anchor
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Figure 2: Handover flows from Evolved System to UMTS for the Architecture 1

1. Based on the signal strength in the evolved system or by other means, the SAE ENB or SAE MME/UPE can decide to handover the UE to UMTS systems. 

2. The SAE MME/ UPE sends an Handover preparation request to the SGSN. Optionally, the ENB can convert SAE specific RRC containers to pre-SAE/LTE specific RRC containers. The RRC containers can be included in the Inter RAT HO request sent to the SGSN. Optionally, in this step the SAE MME can forward the UE PDP context to the SGSN

3. The SGSN can optionally prepare the RNC for the impending handover. 

4. The RNC responds with an HO Response after reserving radio resources. 

5. On obtaining the response form the RNC, the SGSN relays the HO Response command to the SAE MME/UPE. 

6. The SAE MME/UPE forwards the HO response to the ENB. In parallel, the SAE MME/UPE also sends an HO indication to the Inter AS Anchor.

7. The ENB issues an HO Command to the UE upon receiving the HO response from the SAE MME/UPE. At the same time, the Inter AS Anchor starts buffering packets destined to the UE.

8. The UE performs an L2 attach with the UMTS RNC. The RNC can send the relocation detect to the SGSN. 

9. The UE performs an RAU procedure with the SGSN.  The SGSN obtains the UE security context from the SAE MME. However, the RA update procedure can be avoided and the SGSN can obtain the UE context on receiving the relocation detect from the RNC. In this case, the SGSN can create the PDP context with an appropriate GGSN in this step 

10. The UE performs PDP context activation. This can be optimized by the SGSN obtaining the existing PDP context from the SAE MME in Step 2. The SGSN chooses an appropriate GGSN and creates PDP context with the GGSN.

11. User plane route update is performed. If MIP procedures are used then the UE performs the user plane route update as an MIP binding update with the Inter AS MM intimating the Inter AS MM of the new IP address. If optimizations to MIP like proxy MIP or NetLMM procedures are deployed then the user plane route update is performed by the GGSN. 

12. Upon successful completion of the user plane route update procedure, the UE sends an HO complete message to the SGSN, which is relayed to the SAE MME. 

13. The HO complete message triggers the SAE MME/UPE and ENB to release the network and radio resources allocated to the UE. Optionally, to avoid ping-pong effect, there can be a timer at the SAE MME/UPE and the release of the network and radio resources can be made after the expiry of the timer. In parallel, the Inter AS Anchor forwards the buffered packets destined to the UE, to the GGSN
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Figure 3: Handover flows from UMTS to the Evolved System for the general Architecture

1. Based on the signal strength of UMTS or by other means, the UMTS system decides to handover the UE to the evolved system.

2. The SGSN sends an HO preparation request to the SAE MME. This message includes RRC specific containers. Optionally this message can also include the PDP context.

3. The SAE MME can optionally prepare the ENB for the handover by sending an HO Prepare message

4. The ENB converts UMTS specific RRC containers to the LTE specific RRC containers and reserves radio resources and sends an HO response to the SAE MME.

5. The SAE MME sends the HO response message to the SGSN

6. The SGSN forwards the HO response message to the RNC. In parallel it also sends an HO indication message to the GGSN. Optionally this can be sent in Step 5 by the SAE MME to the Inter AS Anchor.

7. The RNC sends an HO command to the UE. In parallel the GGSN forwards the HO indication command to the Inter AS Anchor. 

8. The UE performs an L2 attach with the ENB. The Inter AS Anchor starts buffering packets destined to the UE. This is performed in Step 7 in case the HO indication is received from the SAE MME instep 5. 

9. The UE performs a TA update with the SAE MME/UPE. The SAE MME/UPE obtains security context from the SGSN. This step can be avoided by making the ENB send a relocation detect message to the SAE MME and the SAE MME obtain the UE security context from the SGSN.

10.  The UE performs the user plane (UP) set up procedure for activating the flows. Optionally, the SGSN can forward the PDP context to the SAE MME in step 2 and this step can be avoided. 

11. A user plane route update procedure is performed. If MIP based procedures are used then the UE performs update procedure with the Inter AS MM indicating the new IP address.  If optimizations to MIP like proxy MIP or NetLMM based procedures are deployed, then the user plane rout update is performed by the SAE UPE

12. After completion of the user plane route update procedure the UE sends an HO complete message to the MME/UPE. The MME/UPE sends the HO complete message to the SGSN. 

13. The SGSN deletes the PDP context and releases the network resources and triggers the RNC to release the radio resources. Optionally, to avoid ping-pong effect, a time out can be added to the SGSN to delete the PDP context and release the radio and network resources. In parallel, the Inter AS Anchor forwards the buffered packets destined to the UE, to the SAE UPE.
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