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1 Introduction

During RAN2#91, RAN2 made good progress w.r.t. the architecture to be used for LTE-WLAN aggregation.

In this contribution we discuss whether LTE handover should be supported while LTE-WLAN aggregation is configured. We further examine how LTE handover can be supported in this situation.
2 LTE handover during LTE-WLAN aggregation ?

In discussions for Rel-12 dual-connectivity, especially network vendors were very concerned if LTE handover for a UE configured with Dual-Connectivity, would only be supported by release + addition of the SeNB. It was argued that inter-freq LTE handover (change of Pcell) will happen quite frequently (see figure 1), potentially both intra-eNB as well as inter-eNB, and  therefore the burden of e.g. taking down GTP tunnels/establishing new GTP tunnels was not considered acceptable.
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Figure 1: Example of handover for Pcell change
For this reason, Rel-12 supports intra-eNB handover while keeping the SCG, and Rel-13 is expected to support inter-eNB handover while keeping the SCG.

The same situation may arise while a WLAN AP is configured in LTE-WLAN aggregation. Also here one can question whether LTE handover should be supported while LTE-WLAN aggregation is configured. In principle roughly the same motivation exists to support handover in this situation as compared to Rel-12 i.e. to limit procedural overhead. More specifically, although CN will not be involved in this case (absence of 1a bearers), still considerable overhead will be caused if the WT has to be released + added. This concerns e.g. tunnel release + setup, WT release + preparation signaling, WLAN AP release + addition signaling to UE, authentication on WT, association on WT,….  Therefore we assume that already from Rel-13 it is important to support LTE handover while maintaining LTE-WLAN aggregation.

Proposal 1: 
LTE handover during LTE-WLAN aggregation shall be supported in Rel-13 without having to rel+add the WT.
3 Handling in Rel-12 dual-connectivity
During LTE handover, the key used for ciphering UL/DL packets on 2c/3c bearers changes. MeNB and UE should have a synchronized understanding on what packets are using the old key and what packets are using the new key.
Figure 2 explains how this is achieved in Dual-Connectivity.


[image: image2.emf]MeNB

SenB

O

l

d

 

K

e

y

O

l

d

 

K

e

y

N

e

w

 

k

e

y

N

e

w

 

k

e

y

RACH

time


Figure 2: Old/New key packet handling in Dual-Connectivity
During the handover preparation, 2 new GTP tunnels are created over X2 (one UL, one DL). These new tunnels are only used for transporting packets ciphered with the new key. 
DL:
The MeNB can continue to send packets ciphered with the old key to the SeNB during the handover in the old tunnel. However these packets are only transmitted to the UE up to the point where the UE performs RACH. After the RACH, the SeNB delivers only packets from the new tunnel, i.e. ciphered with the new key, to the UE.

UL:
The SeNB delivers all packets received before the RACH to the MeNB via the old tunnel, and packets received after the RACH via the new tunnel.

It is clear that the RACH access performed during the SCG Change procedure is essential in this approach: i.e. it defines the point in time in which no more packets ciphered with the old key are exchanged in UL and in DL, and packet handling of packets ciphered with the new key starts.

4 Handling in WLAN-LTE aggregation: Simple solution
The Rel-12 DC solution has two important characteristics:

1) No need to Release + Add the SeNB

2) Traffic through SeNB in UL and DL can continue during the handover

We have no RACH readily available in WLAN that could be used as synchronization moment for switching between old and new key. It might seem logical to introduce a general mechanism (even possibly RACH like)_ in LWA which would enable the MeNB/WT/UE to always know unambiguously with what key a packet is ciphered. This could be achieved in many different ways, e.g.:

1) Usage of a RACH-like procedure in WLAN
- Enabling Rel-12 like solution (e.g. based on WLAN Re-association procedure)

2) Marking PDCP PDU’s with a key number 
- Marking allows receiver to know the ciphering key to be used
- Marking could e.g. be done based on a (1 bit) sequence number in a new PDCP subheader

3) Inserting an inband “special packet”
- E.g. PDCP control PDU indicates change from old key to new key

4) Use of Deactivation + Activation
- Similar to proposed solution i.e. would still require stopping transport temporarily

5) ….
However, if for Rel-13 we only need to support DL data over WLAN, and are ok to stop traffic through the SeNB temporarily during the handover, a simpler solution seems possible as shown in figure 3.
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Figure 3: Procedure sequence (DL-only case)
Figure 3 is based on the Rel-12 DC Intra-MeNB change procedure (36.300; 10.1.2.8.1), with some adaptations in naming for WT. What is new is that:

A) Before the MeNB sends the Modification Requests (1), it stops DL tx to the WT

B) When receiving the modification request (1), the WT stops all DL transmissions to the concerning UE and flushes any buffered DL packet (i.e. no UE RACH is required to trigger this buffer clearing).
When the UE has confirmed the reconfiguration (5) and thus the PDCP re-establishment has taken place, the MeNB can again resume DL transmission by providing new packets to the WT over Xw. 
Proposal 2: 
In Rel-13, LTE handover during LTE-WLAN aggregation shall be supported by

A) MeNB stops all DL tx to WT when sending the WT Modification Request
B) WT stops all DL tx to the UE and flushes its internal DL tx buffer when receiving the WT Modification Request containing a “flush request”
C) MeNB resumes DL tx to WT after receiving reconfiguration complete from UE

Note that the above solution makes it unnecessary for one bearer to work with 2 tunnels on Xw during a key change.

5 Conclusion

RAN2 is requested to discuss and if possible agree on the following two proposals:

Proposal 1: 
LTE handover during LTE-WLAN aggregation shall be supported in Rel-13 without having to rel+add the WT.
Proposal 2: 
In Rel-13, LTE handover during LTE-WLAN aggregation shall be supported by

A) MeNB stops all DL tx to WT when sending the WT Modification Request

B) WT stops all DL tx to the UE and flushes its internal DL tx buffer when receiving the WT Modification Request containing a “flush request”

C) MeNB resumes DL tx to WT after receiving reconfiguration complete from UE
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