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Abstract of the contribution:

This document raises a timing problem with the current handover flows from EUTRAN to non-3GPP accesses via the S2a and S2b interfaces and proposes a solution. The proposed solution will avoid unnecessary delays/jitter (or potentially even packet loss) in case of the non-optimized handovers towards non-3GPP accesses.

Introduction
The current HO flows from EUTRAN to non-3GPP accesses is based on the following sequence:

1. UE discovers a non-3GPP access
2. UE triggers a “L3 attach” in the non-3GPP access according to access-specific procedure

3. UE is authenticated and authorized by the non-3GPP access 

4. AGW (ePDG or ASN) sends the PBU, which triggers the path switch

5. S-GW or P-GW perform the path switch and acknowledge the PBU

6. AGW (ePDG or ASN) completes the “L3 attach” – this step provides the IP address to the UE
7. UE configures the IP address on the new interface

The problem here is that the S-GW or P-GW acting as mobility anchor already switches the path to the new AGW in step 5, which implies that all downlink data from this point onwards are forwarded to the new AGW. As a consequence, the target AGW needs to buffer data until the UE has completed the “L3 attach” – including the IP address configuration, DAD if needed, etc. For dual-radio handover this deficiency can be avoided, as the user plane data can still be transmitted over the 3GPP access, until the UE is ready to send/receive user plane data on the non-3GPP access interface.

The following figure illustrates the problem in case of a handover from EUTRAN to an untrusted non-3GPP access via S2b: 
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Typically, a non-3GPP AGW (ePDG or ASN) initiates the address resolution procedure when the first downlink data arrive for the UE that just performed a handover). However, when the UE is not yet ready at that time (e.g. because the IP address has not yet been configured), the address resolution request (e.g. neighbor solicitation message) would simply be dropped, and the AGW would wait for a timeout (typically 1 second) before re-sending the address resolution request. This can significantly add to the delay/jitter introduced by the current handover procedure and may even cause an overflow in the AGW’s neighbor queue and hence lead to packet loss.
The delay during which downlink packets need to be buffered at the new AGW and a possibly resulting packet loss is affected by the following aspects:

· The UE might have to perform duplicate address detection (DAD) tests on its newly set up interface. The default setting for the DAD procedure is 1 test with a DAD retransmit timeout of 1000ms, which results in 1 second delay. 

· Even in case the UE does not perform DAD tests, a delay may occur before the UE replies to address resolution requests from the AGW. In case the first Neighbor Solicitation for address resolution from the AGW is not processed by the UE (because the UE has not yet joined the solicited node multicast address), the AGW waits some time until it tries to resolve the buffered packets’ destination IP address again. This will introduce unnecessary handover delay/jitter and may also lead to an overflow in the AGW’s neighbor queue and associated packet loss. For IPv6 UEs the delay to join a Solicited Node Multicast Address depends on the implementation and configuration.
· The capacity of the unicast queue length on relevant routers in the access network, which might be collocated with the AGW, is limited. Its default setting allows queuing 3 unicast packets during address resolution. In case of higher data rate and longer delay, packet will get lost.
Discussion
In order to solve the problem indicated above, it is proposed for the dual-radio-handover to: 

1. Make use of preliminary binding support for Proxy MIPv6 [1] or the equivalent concept of secondary binding cache entries [2], which are currently being proposed and discussed in the NETLMM WG group.
2. Demand the AGW (e.g. ePDG, ASN) to send an explicit indication to the PDN-GW as soon as the UE is ready to receive data on the new interface. The AGW may be aware of this either by receiving uplink data packets or by control plane signaling of IPsec tunnel completion. Note that the IP layer of the UE does not have to be changed for such an indication.
The following figure shows exemplarily for the EUTRAN ( untrusted non-3GPP access case (via S2b) how the flows would be changed:

[image: image2]
Step 4: 
The ePDG requests a preliminary PBU to indicate an inter-access handover with dual radio capability. The PDN-GW prepares a preliminary binding cache entry for uplink packets; downlink data for that UE are still forwarded according to the previous binding to the 3GPP S-GW (i.e. via EUTRAN in this example). PDN-GW awaits a further PBU to indicate that the UE is ready to receive IP packets via the ePDG.
Editor’s note: It is FFS how the dual radio capability is signalled to the ePDG . This could be done by additional parameters in step 3, either in the IKEv2 signalling or in radio layer attachment signalling between the UE and the non-3GPP access network.
Step 7: 
The S-GW or P-GW acknowledges the PBU and indicate in case of an inter-access handover that the Proxy Binding is only preliminary until it gets activated. The associated PBA makes necessary information (e.g. the UE address) available to the AGW. Downlink data for that UE are still forwarded according to the previous binding (i.e. via EUTRAN in this example).
Step 10: 
After the L3 attach is completed (including IPsec tunnel setup, IP address configuration, etc.), the AGW sends the activating PBU, indicating that the UE is now ready to receive downlink data on the new interface. This message will trigger the path switch at the P-GW, which results in downlink data being forwarded to the target access (i.e. the untrusted non-3GPP access in this example).

Step 11: 
The activated binding is acknowledged from the P-GW.
Finally, the S-GW shall inform the PDN-GW when the previous S1 bearer has been deleted, using a PBU with lifetime 0. 
Proposal
If this proposal is agreeable in principle, NEC and ALU will provide all the necessary CRs to make those changes in the relevant PMIPv6-based handover flows in TS 23.402. The same principles will be applied also for the handover in the reverse direction. Furthermore, the proposal may also be adapted for handover between S2a/b and S2c, as previously proposed in [3].
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Packets need to be buffered at the AGW until the UE has completed the L3 attach (incl. IP address configuration, DAD if needed, etc.) and hence introduce unnecessary jitter/delay.
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