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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]. The term “WT” for “WLAN Termination” logical node is now used instead of “WLN” since RAN2#90.
During RAN2#89bis, it was 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 also agreed that “for 3C-mode LTE-WLAN aggregation, the Rel-12 PDCP reordering behaviour is adopted”. In other words, the PDCP sublayer supports in-sequence delivery of upper layer PDUs for split bearers based on the dual connectivity reordering procedure.

During RAN2#90, the following was further 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, our understanding is that 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.
The details of the LTE/WLAN aggregation (LWA) adaptation layer and its location (eNB or WT) are FFS. This contribution discusses the WT and the LWA adaptation layer enabling the transfer of LTE PDUs over WLAN MAC. 
2 Adaptation of LTE PDU over WLAN
This subclause addresses the details and location of the LWA adaptation layer, which are currently FFS [5].
The adaptation layer is a L2 function applicable to user plane data. Its main function is to adapt PDCP PDU into an upper layer PDU suitable for transfer over WLAN. 
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Figure 1: LTE-WLAN aggregation architecture based on 3C Rel-12 Dual Connectivity

The architecture in Figure 1 above (a slight modification of the figure in [8]) illustrates LWA protocol architecture based on 3C Dual Connectivity, 
2.1 Protocol Identification

802.11 protocol assumes all MSDU are LLC/SNAP PDUs. One of the key information field in the SNAP header is the PID (Protocol ID) commonly referred to as ethertype i.e. the identifier of the upper layer protocol above LLC being encapsulated in the Ethernet Frame. Typically, the upper layer protocol above LLC is IP and the ethertype is set to 0x0800 to indicate that the payload is an IP payload. With PDCP layer as an upper layer, a new ethertype need to be defined. Furthermore, the adaptation layer is required to support upper layer protocol identification i.e. PDCP versus IP so upper layer PDUs can properly be delivered to the correct upper layer entity. 
Observation 1: With PDCP as an upper layer, the adaptation layer needs to provide support for upper layer protocol differentiation (PDCD versus IP) so packets can be properly transferred to the correct upper layer entity (PDCP versus IP). This may require the definition of a new ethertype for PDCP PDUs.
Proposal 1: 
LWA Adaptation Layer supports upper layer protocol identification.
Proposal 2:  A new EtherType for PDCP PDUs will be defined.
2.2 Bearer Identification 

During RAN2#89bis, it was 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][5].
Observation 2: LWA Adaptation Layer needs to support bearer identification so that PDCP PDUs can be mapped to the correct PDCP entity at the receiver end. The LWA Adaptation layer should be able to discriminate IP PDUs from PDCP PDUs based on the identifier specified to this end.
Proposal 3:  The LWA Adaptation Layer supports bearer identification.
Several solutions have been proposed for bearer identification. 

Option 1 - Use of Bearer-specific virtual WLAN MAC address [8]:
In [8], it is proposed to use a virtual WLAN MAC address per bearer. In this solution, a new virtual MAC address is allocated for every bearer offloaded to WLAN. This virtual MAC address is used (in the downlink) in the Source Address (SA) 802.11 header field, whereas the Transmitter Address (TA) carries the BSSID and the Receiver Address (RA) carries the UE WLAN MAC address. Similar solution can be implemented in the UL direction for e.g. where the virtual MAC address is used in the Destination Address (DA) 802.11 header field while the Transmitter Address (TA) carries the UE WLAN MAC address and the Receiver Address (RA) carries the BSID. The WT may allocate the virtual MAC address or the MeNB may configure the WT with the virtual MAC address per each offloaded bearer. The UE would need to inform the MeNB of its MAC address and the network would need to inform the UE of the virtual MAC address associated with each bearer.
Aside that this solution has no impact to 802.11 specification, a key advantage of this solution is that it does not require additional air interface resources on the WiFi that would be required if a new bearer ID or logical channel ID is appended to the PDCP header for each PDCP PDU. 

Option 2 - Use of the 3 reserved bits in PDCP header to indicate bearer ID [6]:
In [7], it is proposed to re-use the 3 reserved bits in PDCP header to indicate the bearer ID. Similar to option 1, this solution does not require a new bearer ID or logical channel ID is appended to the PDCP header for each PDCP PDU, it does have the following drawbacks: it assumes PDCP PDU in LWA is required to use the long PDCP SN (12 bits); furthermore it takes away the reserve bits that may be used down the road for all bearers or other bearers other than LWA bearers. 

Option 3 - Append LCID to PDCP header [7]:
In [8], it is proposed to append a LCID that identities the used PDCP entity to the PDCP header. This solution introduces unnecessary overhead for every packet, which should be avoided.

Proposal 4:  
LWA Adaptation Layer maps PDCP PDU to a DRB (PDCP entity) using bearer-specific virtual MAC address.
Consequently, the following is also proposed:

Proposal 5:  RRC configures a virtual WLAN MAC address for each DRB configured for LWA.
The exchanges of LTE PDCP PDUs over Xw-U interface require mapping between the GTP-U tunnel endpoint and the corresponding bearer virtual MAC address. It also require the mapping between the GTP-U tunnel endpoint and UE MAC address in both downlink and uplink. 

Observation 3:  Xw-AP will be used to configure the mapping between a given GTP-U Tunnel endpoint identifier and the corresponding virtual MAC address. Similarly, Xw-AP will be used to configure the mapping between a given GTP-U Tunnel endpoint identifier and the UE MAC address.
Proposal 6: The UE informs the MeNB of its MAC address using RRC.
2.3 Support for QoS

As discussed in [3], WLAN specification (802.11e) defines two types of QoS-related mechanisms: prioritized QoS and parametrized QoS. 

Prioritized QoS enforces relative priority between traffic classes. Four access categories (AC) are defined i.e. voice (AC_VO), video (AC_VI), background traffic (AC_BK) and best-effort (AC_BE) which are mapped to eight different user priorities (traffic classes). Each AC translates into different parameter values for interframe spacing, for the contention windows that control the size of the random backoff and a number of retries. GSMA recommend in [9] a mapping between these for access classes and the EPS QCIs. Furthermore, GSMA has defined a one-to-one mapping between EPC QCI and the differentiated service code point (DSCP) in the IP header. This is shown in the table below.
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Parameterized QoS defines a strict requirement per Traffic Stream (TS) expressed quantitatively in terms of the QoS parameters called traffic specification (TSPEC). It uses a control channel access (through a contention free period) in addition to the contention based access, providing two different types of transmission opportunities (TXOPs) in 802.11e capable devices as MAC periodic superframes. A TXOP begins either when the medium is determined to be available under the enhanced distributed coordination function (EDCF) rules i.e. after arbitration inter-frame spacing (AIFS) plus backoff time, or when the station receives a special poll frame i.e. a QoS (contention free) CF-Poll from the hybrid coordination function (HCF). An additional random access protocol that allows fast collision resolution is defined.
Wireless Media Extensions (WME), also referred to as WiFi Multimedia (WMM), an industry driven initiative to ensure that a basic subset of IEEE 802.11e QoS mechanisms are interoperable, supports only enhanced distributed coordination access (EDCA) but not HCF controlled channel access (HCCA). Without HCCA, parameterized QoS cannot be supported. However, proprietary implementations may support the Parameterized QoS. 
The key point here is from LTE QoS characteristics perspective, RAN2 cannot assume any WLAN QoS capability. Whether it is prioritized QoS or parametrized QoS, both WLAN QoS mechanisms still rely on some form of contention mechanism for medium access. Furthermore, the actual 802.11 QoS facilities (802.11 e) implementation is vendor dependent. From RAN2 perspective, it makes sense to assume that regardless of the QoS framework implemented by WLAN, the WLAN QoS is hidden by WT. Consequently LTE QCI needs to be configured over Xw and may even be configured toward the UE such that WLAN QoS can be enforced within WLAN as a black box to LTE.
Observation 4: RAN2 cannot assume any capability requirement about WLAN QoS implementation. 

Observation 5: WLAN QoS is hidden behind WT.
Observation 6: Xw-AP will be used to configure LTE QCI for each LWA bearer.
There might be some advantage in also configuring LTE QCI toward the UE at least for deployments where Xw interface is not available.
Proposal 7: RRC configures LTE QCIs for LWA DRBs.
Assuming these proposals are agreeable, RAN3 should be informed of RAN2 agreements so RAN3 can take this into account in their work.
Proposal 8: Assuming these proposals are agreeable, RAN2 should send an LS to RAN3 to inform them of RAN2 decisions and the observation 3, 5 and 6.
3 Conclusion

The following Observation are made with respect to LWA Adaptation Layer: 
Observation 1:  With PDCP as an upper layer, the adaptation layer needs to provide support for upper layer protocol differentiation (PDCD versus IP) so packets can be properly transferred to the correct upper layer entity (PDCP versus IP). This may require the definition of a new ethertype for PDCP PDUs.
Observation 2:  LWA Adaptation Layer needs to support bearer identification so that PDCP PDUs can be mapped to the correct PDCP entity at the receiver end. The LWA Adaptation layer should be able to discriminate IP PDUs from PDCP PDUs based on the identifier specified to this end.
Observation 3:  Xw-AP will be used to configure the mapping between a given GTP-U Tunnel endpoint identifier and the corresponding virtual MAC address. Similarly, Xw-AP will be used to configure the mapping between a given GTP-U Tunnel endpoint identifier and the UE MAC address
Observation 4:  RAN2 cannot assume any requirement about WLAN QoS implementation. 

Observation 5:  WLAN QoS is hidden behind WT.
Observation 6:  Xw-AP will be used to configure LTE QCI for each LWA bearer.
Consequently, RAN2 should discussed and agree to the following:

Proposal 1: 
LWA Adaptation Layer supports upper layer protocol identification.
Proposal 2:  A new EtherType for PDCP PDUs will be defined.
Proposal 3:  The LWA Adaptation Layer supports bearer identification
Proposal 4:  LWA Adaptation Layer maps PDCP PDU to a DRB (PDCP entity) using bearer-specific virtual MAC address.
Proposal 5:  RRC configures a virtual WLAN MAC address for each DRB configured for LWA.
Proposal 6: The UE informs the MeNB of its MAC address using RRC.
Proposal 7 RRC configures LTE QCIs for LWA DRBs.
Proposal 8: Assuming these proposals are agreeable, RAN2 should send an LS to RAN3 to inform them of RAN2 decisions and the observation 3, 5 and 6.
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