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Abstract of the contribution: This contribution we provide analysis to recommend that there should be eNB to UPE control plane for SAE access-bearer tunnel setup, movement, teardown and error handling. MME should not to be involved in these transactions.
1. Introduction

In this document we cover the topic of SAE access-bearer (eNB<->UPE) setup and SAE access-bearer (tunnel) movement in case of MME/UPE split. In specific we discuss whether the signalling for bearer setup and tunnel movement due to handover should occur directly between the eNB and UPE or should be mediated by the MME. We consider the pros and cons for the two approaches and suggest modifications to the flows based on the selection.

2. Discussion

In SA2#54, it was accepted that the SAE architecture should enable the separation of MME and UPE. The exact nature of MME/UPE split has not been agreed. One of the issues is whether session management and signalling should be *only* between the UPE and eNB or should also involve the MME. However, it has been accepted that NAS level signalling should be between the UE and the MME.

In this contribution, we focus on the interactions between the UPE and eNB for access-bearer (AB) tunnel setup and movement due to handoffs. The two options for the signalling for AB are shown in the figure below. options
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Figure 1. Two options for AB setup and movement signalling.
It has been accepted that RB handoffs between eNB can be handled between eNBs without requiring  interaction with the MME and UPE, as is captured in the figure with a dotted line between two eNBs in each of the options. In Option-1, the AB setup and movement at handoffs are handled directly between the eNB and the UPE. The MME is informed of handoff occurrence by sending a HO indication to the MME, since the MME should be aware of the cell location of the UE for reasons such as RB modification or HSS triggered UE detach. In Option-2, the tunnel setup and movement also goes through the MME. In the handoff message from the target eNB to the MME all the information about the tunnel endpoint & other tunnel options for the target eNB are included. The MME passes the target eNB tunnel information to the UPE and the UPE uses the new information to redirect the tunnel to the target eNB. It is also assumed that the target eNB is informed of all the relevant tunnel information for the UPE end of the AB tunnel from the source eNB. 

The few critical aspects to be considered in making a decision between the two choices are:

1. Software differences between source eNB and target eNB: It is easily foreseeable that during the lifetime of SAE, there will be modifications to the AB tunnel protocol. With this, the possibility arises that the source eNB and UPE support newer options in the tunnel protocol which are not supported by the target eNB and during tunnel movement some options may have to be re-negotiated. With Option-1, since there is direct control signalling path between the eNB and UPE, the tunnel options re-negotiation is straight-forward. With Option-2, the MME will have to in the path and each eNB to UPE transaction now consists of two instead of one hops, one from eNB->MME, MME->UPE and reverse on the way back. This will increase the latency of any AB re-negotiation.

2. Error handling scenarios for the AB tunnel: In Option-2 all AB error messages will need to flow through the MME, even though the MME does not need to be aware of these error messages.  In Option-1 error handling for AB tunnel is handled directly between the eNB and UPE. In case of AB events that require the MME to be informed, such as AB teardown, the eNB or UPE could provide the appropriate indication to the MME. 
3. Hanoff latency: In Option-1, the eNB can in parallel send an handover indication to the MME with performing tunnel update with the UPE. However in Option-2, since the MME is responsible for updating the tunnel endpoint at the UPE, the tunnel update at the UPE can only occur after the MME has received indication from the eNB. Hence in Option-2, handoff latency will be larger than that for Option-2.

4. AB Control plane: It can be argued that in Option-2, the control plane for AB can be piggybacked on the control-plane signalling between the eNB and MME (S1-MME), and hence there is reduced/no control signalling between the eNB and UPE. However, this increases the control-plane signalling between the MME and UPE and also un-necessarily puts MME in the loop of eNB to UPE tunnel setup, movement and some error transactions. Also, all tunnelling protocols require a control plane between the two ends for setting-up, moving and some error related transactions, since the control plane is expected to last longer than the individual tunnels and one control-plane handles multiple tunnels.
5. AB Setup Optimization: In Option-2, it can be argued that by piggybacking on the MME<->UPE interactions, eg for setting up ciphering keys on the UPE and then the MME<->eNB, Radio-bearer setup interactions, the AB between eNB and UPE could be setup without requiring any explicit signalling between the eNB and UPE. Though such an optimization is possible, it also requires the UPE to provide all tunnel-setup parameters to the MME which is relayed to the eNB. In the reverse direction, the eNB has to provide its end of the tunnel parameters to the MME, which then relays the information over to the MME. In Option-1, the MME in its interaction with the UPE sets up unique-identifier which is passed to the eNB and then signalled by the eNB to the UPE during tunnel setup to identify the MME provided parameters (ciphering keys, TFTs) that the UPE should use for the bearer/tunnel. In Option-1, there is only one more message, i.e the tunnel setup ACK sent from the UPE to the eNB as compared to Option-2. Moreover, due to direct interaction between the eNB and UPE, Option-1 enables handling of tunnel-setup negotiation and error-handling, as stated before    

3. Recommendation

Based on the above discussion, we recommend that there a eNB to UPE control plane for AB setup, movement, teardown and error handling. 

The flows in Option-B of Annex H be updated to be in line with this conclusion.

 4. Proposed Changes

The first change includes an editorial to alternative A in addition to the change proposed for alternative B.
*** First CHANGE ***

H.1
Attach including default bearer handling


Figure H.1.1: Alternative A
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Note: Step 1 Attach request can involve indication of old temporary ID with context request and response from old MME. Subscriber data transactions with HSS can be combined with location update messages in steps 3 and 6. The default bearer can be set up in IASA directly by the MME in steps 8 and 10 with update of UPE tunnel endpoint also provided by the MME. The NAS ciphering algorithm can be negotiated during Authentication procedure, the UP ciphering algorithm can be negotiated during bearer establishment procedure. The details of the UP ciphering algorithm negotiation are FFS.

*** Second Change ***
H.3
Inter eNB Handover in LTE_ACTIVE mode (intra MME and intra UPE)
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Figure H.3.2: Alternative B

*** Third Change ***

H.6
PCRF triggered establishment of Dedicated Bearers
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Note: The resource request from PCRF in step 2 can be replaced by a push authorization message to the IASA followed by SAE bearer setup requested from MME by the UPE, with similar acknowledgements via the IASA in step 9, but these do not affect these differences do not affect the discussion on MME and UPE.

Figure H.6.2: Alternative B
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5. Handover Command (C-RNTI)
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5. Handover Command (C-RNTI)
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