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1 Introduction
During RAN#67, a work item (WI) [1] on LTE and WLAN integration was approved. In particular, the WI description (WID) includes a list of possible benefits, associated requirements and objectives pursued for this type of integration.

Possible benefits include making the WLAN access transparent to the core network (CN), using LTE as a reliable control and mobility anchor, as well as enabling dynamic resource management across WLAN and LTE “to provide significant capacity and QoE improvements”.

Requirements associated to this type of integration include improving mobility to/from WLAN, improving network control of WLAN offload and improving overall UE throughput using both LTE and WLAN.

Consequently, from the RAN2 perspective, the objectives of the WI include supporting LTE-WLAN aggregation at the PDCP layer based on user plane (UP) architecture 2C (i.e. no bearer split) and 3C (i.e. with bearer split).
During RAN2#89bis, it was agreed that for “WLAN+LTE aggregation PDCP PDUs are generated by the eNB PDCP entity” in the downlink and “transferred to the UE PDCP entity via LTE RLC/MAC and/or the WLAN”, that “the only CN interface is S1 terminated at the eNB” and finally that only a connection to the eNB is required for the WLAN Logical Node (WLN) for aggregation (FFS for authentication) [2]. In other words, for LTE+WLAN aggregation all user plane bearers are anchored at the eNB (common for both alternatives 2C and 3C) i.e. with or without downlink split. It was agreed that aggregation will support uplink transmission using LTE, other alternatives being of second priority [2].

During RAN2#89bis, it was further agreed that “LTE/WLAN Aggregation should support multiple bearer transmission per UE via WLAN” using a multiplexing mechanism without impact to the WLAN MAC specification [2].
During RAN2#90, it was agreed to “define a DC-like UP interface (GTP-U) between the eNB and the WT” and that for “LTE-WLAN aggregation, flow control runs between WT and eNB”. It was further agreed that “for 3C-mode LTE-WLAN aggregation, the Rel-12 PDCP reordering behaviour is adopted”. In other words, for split bearers, PDCP sublayers supports in-sequence delivery of upper layer PDUs based on Dual connectivity reordering procedure. Note that from RAN2 #90, the term “WT” for “WLAN Termination” logical node is used instead of “WLN”

During RAN2#90, the followings were also agreed to: “extend the RRM measurement framework by adding WLAN measurement reporting and as baseline, the measurement metrics defined in Rel-12 for RAN rules are supported for reporting (this does not preclude direct provisioning of measurements from WLAN to eNB); the eNB may configure measurement objects for WLAN measurements; RAN2 also considers the interface for directly providing metrics such as BSS load from WLAN to eNB as beneficial (for the deployments where an interface is feasible) and suggests RAN3 to specify it as described in the WID”.

Based on the agreements from RAN2#90, both 3C-mode i.e. per packet offload (bearer split) and 2C-mode i.e. per bearer offload (WLAN-only bearers) will be specified as per the objective of the WID.
This contribution further discusses support for per packet offload (i.e. bearer split) and per bearer offload (i.e. WLAN-only bearers) for LTE and WLAN radio level aggregation.

2 Bearer Architecture for WLAN Integration
Given agreements taken during RAN2#89bis on eNB being used as the anchor for all bearers (with or without DL split) and generating PDCP PDUs to be transferred to the UE PDCP entity via LTE and/or using WLAN, it is further assumed that resources associated to LTE will correspond to the MeNB Cell Group (MCG) and originate from the MeNB. The WLAN resources will then correspond to a separate WLAN logical termination node (WT) Cell Group (CG) e.g. the WCG to avoid any confusion with the Secondary CG (SCG) defined in LTE DC given that WLAN integration cannot reuse procedures and logic defined for the SCG as-is. The WCG originates from the WT.
Proposal 1: 
The WT resources are modelled as a separate CG of the UE’s configuration i.e. a WT CG (WCG).

This modelling can also be applicable to the interworking part of the LTE+WLAN integration, as this only models the radio resources associated to WLAN and is independent of the user plane modelling.

One drawback will be the impact for PDCP to not have the services provided by the LTE RLC protocol and to determine what services may be expected from the IEEE 802.11 MAC entity and whether or not those are sufficient.

This section further discusses the possible bearer architecture.
2.1 Per-bearer Downlink Offload (i.e. WLAN-only DL Bearer)
LTE R12 DC supports a type of data radio bearer (DRB) that is only associated to the resources of the MCG i.e. a MCG DRB. Similarly, the SCG DRB is only associated to the resources of the SCG. The SCG bearer type was based on architecture 1A where the PDCP resides in the SeNB and was deemed useful for some backhaul deployments depending on the topology used for the transport network.
For the aggregation of WLAN with LTE R13, WLAN will be used in the downlink to carry PDCP PDUs and the PDCP entity will remain in the MeNB [2]. This is shown in figure 1 below. A DRB that is only associated to the WLAN resources in the downlink and according to architecture 2C can be referred to as a WCG DRB. 

Proposal 2: 
A WCG DRB is a type of DRB that may be used to transmit user plane data for an EPS bearer as PDCP PDUs using the WLAN access only in the downlink, at least when the WLAN access is available.
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Similar to one of the drawbacks stated in TR 36.842 section 8.1.1.4, for such bearer handled by the WLAN AP, interruption will occur at WLAN AP change or at a reconfiguration that changes the type of the DRB. Indeed, it may be challenging to perform mobility in the WLAN network as efficiently as is possible today within an LTE network. This is because the measurement frequency and accuracy may not be sufficient. In addition, the quality of the WLAN access is sensitive to the load in the WLAN AP such than an increase in load leads to longer access latency and lower throughput – even when the measurements for the concerned AP is acceptable. The issue may further be exacerbated by the likely higher number of occurrences of mobility events when compare to LTE R12 DC as the coverage area of a SCG will typically be larger than that of a WCG.
In addition, it may also be challenging to detect radio link degradation and loss of connectivity in the downlink timely enough for the MeNB to perform a reconfiguration that modifies a WCG bearer back to a MCG bearer.
· One possible drawback for the WCG DRB is service interruption in the downlink due to untimely detection by the MeNB of the WLAN failure.

Assuming that the combination of LTE and WLAN is still expected to meet LTE QoS requirements [3], such drawback should be addressed. However, contrary to the LTE DC SCG DRB, the PDCP is in the MeNB for both the collocated scenario and the non-collocated scenario. RAN2 should then consider defining the WCG DRB such that it is always configured for downlink transfer of user plane data with both an LTE branch and a WLAN branch where at most one is active at any given time. This would enable a faster re-establishment of the bearer back to LTE (without resorting to RRC reconfiguration procedure or path switch procedure) such that any possible interruption time due to degradation of the WLAN radio link performance can be minimized. This is shown in figure 2.
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Consequently, the following is proposed:

Proposal 3: 
A WCG DRB is always configured with a LTE branch, in addition to the WLAN branch, for downlink transfer of user plane data.

Proposal 4: 
Data transfer for a WCG bearer can be active for at most one branch at any given time.

RAN2 can further discuss whether (and how) the MeNB entirely controls what branch is active at any given time. If uplink transmission using the WLAN branch is supported in a later stage of the work, RAN2 can also further discuss if the UE may additionally autonomously make all the data for the bearer available as new data for transmission to LTE in specific cases (e.g. detection of loss of WLAN connectivity).

2.2 Per-packet Offload for Downlink Traffic (i.e. DL Split Bearer)
LTE R12 DC supports a type of data radio bearer (DRB) that is associated for downlink transmissions only to both the resources of the MCG and to the resources of the SCG i.e. a DL split DRB. For uplink routing of data traffic, RRC can configure the applicable CG (MCG-only or SCG-only). 
For the integration of WLAN with LTE R13, the split DRB type is shown in figure 3 below.
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Similarly to LTE DC, one motivation for supporting the split DRB type in the downlink is increased throughput. In addition, DL DRB split may be used to improve the reliability for a bearer using the services of the WLAN access.
Proposal 5: 
The split DRB type is applicable to a UE configured with a WCG, at least for downlink traffic.

In other words, it is proposed that the WCG DRB and the DL Split bearer are equivalent from a configuration perspective while they would differ in terms of whether or not both downlink paths are concurrently active.
3 Conclusion

RAN2 should discuss and also agree to the following:

Proposal 1: 
The WT resources are modelled as a separate CG of the UE’s configuration i.e. a WT CG (WCG).

Proposal 2: 
A WCG DRB is a type of DRB that may be used to transmit user plane data for an EPS bearer as PDCP PDUs using the WLAN access only in the downlink, at least when the WLAN access is available.

Proposal 3: 
A WCG DRB is always configured with a LTE branch, in addition to the WLAN branch, for downlink transfer of user plane data.

Proposal 4: 
Data transfer for a WCG bearer can be active for at most one branch at any given time.

Proposal 5: 
The split DRB type is applicable to a UE configured with a WCG, at least for downlink traffic.
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Fig. 3: LTE + WLAN in alternative 3C
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Fig. 2: Dynamic routing in alternative 2C
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Fig. 1: LTE + WLAN in alternative 2C



