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1
Introduction
The LTE-WLAN aggregation using IPSec tunnel (LWIP) was defined in Rel-13 to allow utilizing legacy WLANs without need for modifications. Due to this, for example aggregation was not considered as it was thought to require modifications to WLAN infrastructure. 
In this contribution, we discuss how the LWIP aggregation could nonetheless be allowed by utilizing GRE-based aggregation, since the LWIPEP header already utilizes GRE.
2
Background
LWIP currently doesn’t allow using aggregation in either UL or DL: The LWIP bearers can be configured to use WLAN in UL, DL or both. However, in each case, the LTE bearer configuration remains to keep the LTE configuration independent of the WLAN (and to e.g. prevent laborious configuration issues during handover/re-establishment where LWIP is torn down). 

Observation 1: Since the LTE bearer configuration remains during LWIP, it is in theory possible to send data over both LTE and WLAN while LWIP is configured.

To allow bearer identification for routing purposes, the LWIPEP protocol was defined for UL sent over WLAN. The LWIPEP is defined according to GRE header inserted on top of the IP packet. 

3
Using GRE-based aggregation for LWIP 
3.1
GRE-based LWIP aggregation 
In Rel-13, LWIP uses the LWIPEP protocol in uplink to identify the bearer. The LWIPEP header reuses GRE header, as specified in TS36.361. Table 1 below shows the GRE header structure as defined by RFC 2890:

	  0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

   |C| |K|S| Reserved0       | Ver |         Protocol Type         |

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

   |      Checksum (optional)      |       Reserved1 (Optional)    |

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

   |                         Key (optional)                        |

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

   |                 Sequence Number (Optional)                    |

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+


Table 1. GRE header structure as per RFC 2890
We would note the following from this figure and the LWIPEP specification

· At the moment only the Key field is utilized by LWIPEP, and all other optional fields are unused

· When Key is included, the K-bit in the header is set to 1

· The GRE header already allows inclusion of sequence number as an optional field
· When the sequence number is included, the S-bit in the header is set to 1
When studying the RFC 2890 more, the following text can be found concerning reordering:

	  Reordering of out-of sequence packets MAY be performed by the

  decapsulator for improved performance and tolerance to reordering in

  the network.  A small amount of reordering buffer

  (MAX_PERFLOW_BUFFER) may help in improving performance when the

  higher layer employs stateful compression or encryption. Since the

  state of the stateful compression or encryption is reset by packet

  loss, it might help the performance to tolerate some small amount of

  packet reordering in the network by buffering.


Hence, we can note that the GRE specification according to RFC 2890 in effect already allows sequence numbering and reordering based on these, and can therefore support in-order delivery of packets, which is a pre-requisite of allowing aggregation over LWIP.
Observation 2: In GRE specification, the header already includes a sequence number and the specification explicitly indicates this can be used to do reordering based on GRE SN.

However, to use aggregation, the LWIPEP headers would need to be used in both LTE and WLAN legs (as otherwise the receiver cannot use the SN to do reordering). Therefore, when GRE aggregation is utilized, the header should be inserted to all packets in DL (i.e. no matter via which leg they are routed). Still, we think that it would be a very simple and straight-forward modification to allow using the GRE-based aggregation for LWIP.

Proposal 1: Allow GRE-based aggregation for LWIP in both UL and DL.

In the following sections, we investigate the changes required to 3GPP specifications to accomplish LWIP aggregation via the GRE sequence numbering.
3.2
Signalling and capability for LWIP aggregation 
From RRC signalling viewpoint, allowing LWIP aggregation would be a new feature for UE: In UL, the UE would be able to send UL both over LTE and WLAN, and in DL it would be able to receive DL from both LTE and WLAN paths and reorder the packets at GRE layer. Since this would be a different operation than the basic Rel-13 LWIP, clearly some new signalling is needed in addition to UE capability.

Observation 3: the LWIP aggregation requires some new signalling and a UE capability.

However, the change would be quite straightforward: Just indication to UE whether to use reordering for DL packets at GRE, or configuration that allows UE to send UL packets over both LTE and WLAN (how the split is done could be left up to UE implementation).
To illustrate these, the CRs to R2-167542 (to TS36.331) and R2-167543 (to TS36.306) show how this can be accomplished.
Proposal 2: Define signalling to allow LWIP aggregation and a new UE capability that indicates whether UE supports LWIP aggregation.
3.3
LWIPEP modifications to allow LWIP aggregation
Since LWIPEP is needed for the aggregation but is not used in DL in Rel-13 LWIP, the LWIPEP specifications should be modified to allow inserting the LWIPEP header also to downlink packets. In a sense, this is quite similar as is being done to LWAAP in Rel-14, since the LWAAP was originally only used in downlink in Rel-13 LWA.

Observation 4: The LWIPEP modifications are similar to the modifications done for LWAAP in eLWA.

To illustrate the required modifications, the CR R2-167544 (to TS36.361) shows the required modifications to LWIPEP.

Proposal 3: Allow Rel-14 LWIP to use LWIPEP encapsulation in downlink for PDUs sent over WLAN.

Proposal 4: Allow Rel-14 LWIP to use LWIPEP encapsulation in uplink and downlink for PDUS sent over LTE.

4
Conclusions 

We have discussed the possibility of using GRE to allow data aggregation for LWIP, and observed the following:
Observation 1: Since the LTE bearer configuration remains during LWIP, it is in theory possible to send data over both LTE and WLAN while LWIP is configured.

Observation 2: In GRE specification, the header already includes a sequence number and the specification explicitly indicates this can be used to do reordering based on GRE SN.

Observation 3: the LWIP aggregation requires some new signalling and a UE capability.

Observation 4: The LWIPEP modifications are similar to the modifications done for LWAAP in eLWA.

Based on these, we propose the following:
Proposal 1: Allow GRE-based aggregation for LWIP in both UL and DL.

Proposal 2: Define signalling to allow LWIP aggregation and a new UE capability that indicates whether UE supports LWIP aggregation.

Proposal 3: Allow Rel-14 LWIP to use LWIPEP encapsulation in downlink for PDUs sent over WLAN.

Proposal 4: Allow Rel-14 LWIP to use LWIPEP encapsulation in uplink and downlink for PDUS sent over LTE.

The CRs implementing these can be found in R2-167542, R2-167543, and R2-167544.
Proposal 5: Agree to CRs R2-167542, R2-167543, and R2-167544.

