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1. Introduction

In RAN3 it has been agreed to support intra-LTE mobility in LTE_ACTIVE mode using network prepared handovers directly between the eNode Bs over the X2 interface. Furthermore it has been agreed to support packet forwarding between the eNode Bs in order avoid packet losses. In addition RAN3 has come to the conclusion it is technically feasible to support a MME/UPE separation [1].

This contribution is examining the consequences of these working assumptions in case SA2 agrees on a UPE / MME split and proposes updates to the active mode mobility and idle to active signaling procedures.
This contribution is presented for approval in SA2 and is presented for information in RAN3.

2. Overview MME / UPE split

Figure 1 shows an overview of the SAE / LTE architecture assuming a MME / UPE split with a direct signaling connection between the MME and the eNode Bs. In the figure it is assumed that the IASA and UPE is co-located, however the detailed core network functional grouping is out of the scope of this contribution.
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Figure 1 MME / UPE Split Architecture
3. Consequences of MME / UPE split

3.1. Assumptions in LTE_IDLE
When the UE is in LTE_IDLE it is assumed that the UPE will not be aware about where the terminal is located. It will only know in which MME that the terminal is registered in. It is responsibility of the MME to keep track of which tracking area the terminal is located in. Any tracking area updated signaling and paging will be performed directly between the UE/eNode B and the MME. 
The MME stores the NAS security, QoS, capability context of the terminal, while the UPE may store any user plane context (e.g. QoS, security, filters) related to the ongoing SAE bearers. 
3.2. Assumptions on LTE_IDLE to LTE_ACTIVE transition
When the UE is making the transition from LTE_IDLE to LTE_ACTIVE the MME will provide information to the eNode B, which the eNode B can use to establish a RRC connection with the terminal. This information could include UE radio access capabilities, SAE bearer information and RRC security key. The MME also needs to verify, by using the NAS signaling integrity protection, that it is the correct UE that is trying to enter LTE_ACTIVE. Once the UE has been “authenticated” the user plane tunnel between the eNode B and the UPE can be established. 
Proposed working assumption: Given the assumption that the MME needs to be involved in the LTE_IDLE to LTE_ACTIVE state transition, it is proposed that the execution of the LTE_IDLE to LTE_ACTIVE state transition in the CN should be triggered by the MME based on UE to MME signaling. No control plane signaling is required between the eNode B and the UPE. This also means that it is the MME that is responsible for setting up the eNode B – UPE user plane tunnel. It is FFS if uplink data can be sent prior to establishing the DL tunnel. Potential security impacts of allowing this, needs to studied.
Figure 2 below shows the propose updates to the signaling procedure in TR 23.882:
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Figure 2 Information flow for paging and C-plane establishment 
3.3. Assumptions on LTE_ACTIVE mobility
When the UE is in LTE_ACTIVE state the UPE will know which eNode B the UE is currently connected to.  It is assumed that it is also required that the MME is aware of the terminal location in case it needs to perform signaling towards the UE or the eNode B. Possible signaling messages could include activation of additional SAE bearers, or messages updating the tracking area the UE should be connected to, or in order to support location services. 
In theory it would be possible to have a solution where the MME is not always up to date on the terminal location, but instead asks the UE location from the UPE when it needs to perform signaling, but since the UE can move at any time there is still some risk that the UE has moved to a new eNode B when the MME is trying to communicate to it. 

When the UE is moving to a new eNode B the handover procedure will be executed directly between the eNode Bs. After or during the handover the CN will get updated on the terminals new location. Since the handover preparation procedure is not involving the CN there will be a short period when the terminal has left the old cell before the MME and UPE gets updated about the mobility.  During this time the UPE and MME will still send data and signaling messages to the old cell. In order to avoid potential error cases due to this glitch, it is probably required that both the MME and UPE is aware of that the UE has moved before the UE context can be deleted in the old cell. This also means that the MME and UPE need to be updated in a synchronized way. 
Proposed working assumption: In order to avoid potential error cases, it is proposed that both the MME and UPE should be aware of the UE mobility in a synchronized way. Given the assumption that the MME needs to be aware of the UE terminal mobility in LTE_ACTIVE it is proposed that the execution of the LTE_ACTIVE handover procedure in the CN should be triggered by the MME based on eNode B to MME signaling. No control plane signaling is required between the eNode B and the UPE. This also means that it is the MME that is responsible for updating the eNode B – UPE user plane tunnel (at least in the downlink). It is FFS if uplink data can be sent from the new eNode B prior to the switching of the DL tunnel. Potential security impacts of allowing this, needs to studied.
Figure 3 below shows the proposed updates to the signaling procedure in TR 23.882:
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Figure 3 Information flow for Intra-LTE-Access Mobility Support
4. Conclusions

It is proposed to adopt the working assumption that it is the MME that is responsible for update the user plane tunnels between the eNode B and the UPE during LTE_IDLE to LTE_ACTIVE state transition and during intra-LTE handovers.

It is proposed to capture this working assumption by adopting the updated signaling procedure in chapter 3 in the TR 23.882.

References:

[1]
S2-061460, "RAN WG3 Position on MME UPE Split", RAN3
Proposed Update to TR 23.882:
<Changes to section 7.14>

7.14
Key Issue Paging and C-plane establishment

7.14.1
Description of Key Issue Paging and Evolved RAN C-plane establishment

The key issue Paging and C-plane establishment handles both, the mobile terminating and the mobile originating case of C-plane establishment comprising:

-
in case of mobile terminating case: termination of incoming data packets for UEs in LTE_IDLE, triggering the paging and distribution of paging over all cells of the Tracking Area the UE is registered.

-
for the mobile terminating and the originating case: establishment of a C-plane connection between UE and the network, including the establishment of radio resources for the default (signalling) IP connectivity service and possibly for other preserved services for which context data are already available in the MME/UPE and the UE.

NOTE:
There is some relation with "Key Issue Inter 3GPP Access System Mobility in Idle State".

7.14.2
Solution for Key Issue Paging and Evolved RAN C-plane establishment

NOTE:
It is agreed that paging is initiated from the MME (rather than from the eNodeB) based on a packet notification from the UPE, provided that the network signalling caused by UEs moving between LTE ACTIVE and LTE IDLE states is very limited. E.g. by ensuring that UEs in LTE ACTIVE state have the same power saving capabilities as those in LTE IDLE state.

A downlink data packet is terminated at the UPE and paging is done by the MME within the cells contained in the Tracking Area the respective user is registered.

The UE requests default radio resources to be able to contact the MME either in response to the paging request in the mobile terminating case or for the mobile originating case. The MME updates the UPE about the state transition. The UPE correlates the incoming data packet with either the default IP connectivity service or other preserved service contexts.

The network provides the UE information to the radio functions of the evolved RAN to perform its services on the radio resources (e.g., necessary information to allow the UE and network to communicate via scheduling control channels).
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Figure 7.14-1: Information flow for paging and C-plane establishment

1)
Both, the UE in LTE_IDLE and the MME/UPE the UE is registered hold at least one preserved service context (i.e. for the default IP connectivity service).

2)
The UPE receives a downlink data packet for the UE and discovers that no connection with UE exists radio resources are yet established.
3)  The UPE sends a packet notification to the MME indicating that packets for a given UE have arrived. 
The MME checks the state of the UE and retrieves the Tracking Area it is registered.

4)
The MME triggers paging and requests the responsible radio functions to page the UE in all cells of the Tracking Area the UE is registered.

5)
The UE contacts the network using a Radio Resource Connection Request message containing NAS equivalent information for "Service Request". The Radio functions send the Radio Resource Connection Request message to the MME that is serving the UE.

NOTE 1:
It might be possible to start to exchange AS equivalent information for the Security Mode Command function already at this point in time, however, this is FFS.
The MME correlates the UE request with the Paging procedure and verifies that the correct UE is trying to enter LTE_ACTIVE.

6)
If the MME accepts the Service Request, it sends a message to the UPE to update the DL tunnel.

7)
The UPE acknowledges that the UE has changed state and updates the user plane tunnel. It is FFS if the UPE can accept UL data prior to this point. 
8)
If the network decides to grant requested resources, it issues a Radio Resource Setup containing NAS equivalent information for "Service Accept" and possibly (network initiated) "Activate PDP Context request" and AS equivalent information for "Security Mode Command" and possibly RAB Assignment request / RB Setup.

9)
The UE acknowledges the Radio Resource Setup. This might include the signalling of NAS equivalent information for "Activate PDP Context Accept". It also includes AS equivalent information for "Security Mode Complete" and possibly "RAB Assignment Response"/"RB Setup Complete".

NOTE 2:
Radio function related details for steps 8) and 9) are further detailed in the key issue "Resource Establishment and QoS Signalling" in TR 25.912.

NOTE 3:
Whether it is possible to perform steps 5), 8) and 9) in 2 steps is FFS.

7.14.3
Impact on the baseline CN Architecture

Editors Note:
It is FFS whether there is any particular impact.

7.14.4
Impact on the baseline RAN Architecture

Editors Note:
It is FFS whether there is any particular impact.

7.14.5
Impact on terminals used in the existing architecture
Editors Note:
It is FFS whether there is any particular terminal impact.

<Changes to section 7.18> 
7.18
Key Issue Intra-LTE-Access Mobility Support for UEs in LTE_ACTIVE

7.18.1
Description of Key Issue Intra-LTE-Access Mobility Support for UEs in LTE_ACTIVE

The key issue Intra-Access Mobility Handling of UEs in LTE_ACTIVE handles all necessary steps already known from state of the art relocation/handover procedures, like processes that precedes the final HO decision on the source network, preparation of resources on the target network side, pushing the UE to the new radio resources and finally releasing resources on the (old) source network side. It contains mechanisms to transfer context data between evolved nodes, and to update node relations on C- and U-plane.

7.18.2
Solution for key issue Intra-LTE-Access Mobility Support for UEs in LTE_ACTIVE

LTE_ACTIVE state mobility is still controlled by the LTE-RAN functions currently serving the UE (source LTE-RAN functions) which trigger the HO process after it has made a definite decision to serve the user by neighbour ("target") LTE-RAN functions.

Means need to be provided to protect against data loss during the handover process.

After the LTERAN functions on the target side have received the final confirmation from the UE on the completion of the HO process, the release of resources on the (old) source side is triggered.

7.18.2.1
C-plane handling
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Figure 7.18-1: Information flow for Intra-LTE-Access Mobility Support

1)
The UE context within the Source RRC contains information regarding roaming restrictions which where provided either at connection establishment or at the last TA update from the MME.

2)
The responsible "source LTE-RAN functions" configure the UE measurement procedures according to the area restriction information.

3)
Based on measurement results, probably assisted by additional RRM specific information the source side decides to handover the UE to a cell controlled by the "Target LTE RAN functions"

4)
The target side is requested to prepare the HO on the target side.

5)
Resources at the target side are reserved / prepared.

6)
The preparation phase has ended successfully.

A)
from step 7) until 11) means to avoid data loss during HO are provided and detailed in TR 25.912 [18]

7)
The "Source LTE-RAN" functions command the UE to the target side.

8)
The UE starts to gain synchronisation on the target side.

9)
Once the UE has successfully accessed the cell, the UE sends an indication to the "target LTE-RAN functions" to indicate that the handover is completed.

10)
The HO Complete message is sent to indicate the MME that the UE is located at the target cell. It is FFS if this message should be acknowledged by the MME.
11) The Update DL Tunnel message indicates to the UPE that it should perform the user plane switch. It is FFS if the UPE can receive UL data prior to this point. It is also FFS if this message should be acknowledged by the UPE.
12)
The release of resources on the source side is triggered directly by the target side.

NOTE:
it is ffs whether the release of the resources on the source side is done with MME/UPE involvement or by the "target LTE-RAN functions" directly.

12)
If the new cell is member of a new Tracking Area, the UE needs to register with the MME which in turn updates the area restriction information on the target side.

7.18.2.2
User plane handling

Editor's note:
This is for further study, but see document R3-060401 for the current status.

7.18.3
Impact on the baseline CN Architecture

Editors Note:
It is FFS whether there is any particular impact

7.18.4
Impact on the baseline RAN Architecture

Editors Note:
It is FFS whether there is any particular impact

7.18.5
Impact on terminals used in the existing architecture

Editors Note:
It is FFS whether there is any particular terminal impact.
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