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1. Introduction
In this contribution, we discuss user plane protocol and architecture aspects of LTE/WLAN aggregation feature of LTE-WLAN Radio Level Integration and Interworking Enhancement [1] WI approved at RAN#67. The main focus is on the downlink to mimic the path taken in Release-12 Dual Connectivity (DC). As captured in the WI objective, the aggregation on the uplink will be second priority. 
The proposed architecture described in more detail below builds on Release-12 Dual Connectivity architecture, as per WI [1] objective:
“Specify RAN and WLAN protocol architecture of LTE-WLAN aggregation at the UE and network side based on Release-12 LTE Dual Connectivity solutions 2C and 3C.“

2. Discussion
According to the WID [1] “the objectives of this work item are to define LTE-WLAN aggregation and interworking enhancement solutions addressing the co-located and non-co-located scenarios where aggregation solution is based on the Release-12 Dual Connectivity solutions 2C and 3C”… “in the co-located scenario, the RAN logical node has both LTE eNB and WLAN AP functionality while a new interface between eNB and WLAN is needed for the non-located scenario.”.
As specified in the Dual Connectivity TR 36.842 [3], both solutions 2C and 3C are solutions with protocol split at PDCP layer, as illustrated in the figure below:
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Figure 1: Alternative 2C                                                             Figure 2: Alternative 3C
Therefore, it is proposed to agree in accordance with the WID [1] that in LTE/WLAN architecture downlink PDCP PDUs are transferred to the UE via LTE RLC or WLAN MAC.
Proposal 1: In LTE/WLAN aggregation downlink, PDCP PDUs are transferred to the UE via LTE RLC or WLAN MAC.

In this architecture the eNB may schedule PDCP PDUs on either LTE on WLAN based on a variety of factors, including LTE and WLAN radio conditions, LTE and WLAN load, UE capabilities, etc, thus implementing aggregation solutions equivalent to Dual Connectivity solutions 2C and 3C. 
Observation 1: This allows, but does not mandate, packet-by-packet scheduling of PDCP PDUs on LTE and WLAN, which is up to the eNB implementation.
Observation 2: This applies to both collocated and non-collocated scenarios.
In this architecture LTE PDCP layer performs the standard PDCP functions, including ciphering. Since WLAN MAC transmits encrypted PDCP PDUs, there is no need for additional encryption for WLAN, however it is FFS whether WLAN authentication is required.

Observation 3: Since WLAN MAC transfers encrypted PDCP PDUs, no WLAN encryption is required.

Proposal 2: In LTE/WLAN aggregation encryption is provided by LTE PDCP layer and no WLAN encryption is required.

2.1 Architecture for Collocated Scenario
In the collocated scenario the eNB and the AP are connected via an ideal backhaul (i.e. proprietary interface), which is used for both control and user plane. The details of such interface are outside of 3GPP scope and are left for eNB implementation. 
In accordance with the following requirements from the WID [1] “Solutions for aggregation should not require WLAN-specific CN nodes and CN interfaces, i.e. WLAN aggregation should be transparent to EPC.”, it is proposed that the only interface of the integrated eNB/AP to the CN is the S1 interface, terminated at the eNB. There are no network interfaces to the integrated WLAN AP.
Proposal 3: In LTE/WLAN collocated scenario, the only CN interface is S1, terminated at the integrated eNB. There are no network interfaces to the integrated WLAN AP.

Observation 4: This does not preclude the implementation of “legacy” WLAN interworking (e.g. S2a, S2b or NSWO) in the same WLAN AP. However, the details of such mode are outside the scope of 3GPP and are left for eNB/AP implementation.
This architecture is illustrated in the figure below.
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Figure 3: Architecture for Collocated Scenario
2.2 Architecture for Non-Collocated Scenario
Similar to the collocated scenario, in the non-collocated case, the only CN interface is the S1 terminated in the eNB. On the WLAN side, a logical entity (such as WLAN AP or AC) is connected to the eNB via standardized interface. The standardization of this interface will be carried out in RAN3. No other external network interfaces are needed for aggregation.

Proposal 4: In LTE/WLAN non-collocated scenario, the only CN interface for user plane is S1-U which is terminated at the eNB.

Proposal 5: WLAN logical entity (such as AP or AC) is connected to the eNB via a standardized interface and no other CN interfaces are used for aggregation.

Observation 5: Similarly to the collocated case, this does not preclude support for legacy WLAN interworking interfaces used in non-aggregation mode.
This architecture is illustrated in the figure below.
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Figure 4: Architecture for Non-collocated Scenario
The XW interface in the Figure 4 above refers to the user plane interface used for aggregation in the non-collocated scenario. On the WLAN side, the interface may be connected to WLAN Access Point (AP), WLAN Access Controller (AC) or possibly other nodes. Since there are different (often proprietary) WLAN network architectures, discussing which is outside of 3GPP scope, we propose to define a logical “WLAN termination point” (WLAN-TP) which can be located within WLAN AP, WLAN AC or any other node and refer to “WLAN termination point” when discussing network aspects and WLAN when discussing air interface aspects in our discussions and specifications.
Proposal 6: to define a logical “WLAN termination point” which can be located within WLAN AP, WLAN AC or any other node and refer to “WLAN termination point” when discussing network aspects and WLAN when discussing air interface aspects in our discussions and specifications.

In Release-12 Dual Connectivity, it was decided to use X2-U to transport data packets between MeNB and SeNB. X2-U has been used for data forwarding during handover since Release-8 as defined in TS 36.424 [5] and therefore it was logical to extend the capability for data transport of PDCP PDUs in split-bearer dual connectivity mode. In addition, a user plane protocol (X2-UP) was defined in Release-12 DC to convey control information related to the user data flow management of E-RABs in TS 36.425 [4]. 
As one of the objectives of the WI [1] is to re-use Release-12 Dual Connectivity architecture, specifically: 

“For RAN3, the objective of the work item are:

Specify the required signalling and interface between eNB and WLAN termination point for non-co-located deployment of LTE-WLAN aggregation based on Release-12 Dual Connectivity solutions 2C and 3C.“

Based on the WI requirement, XW user plane, which will be called XW-U, can be based on X2-U. Since this is RAN3 responsibility, the final design decision on this should be made by RAN3. However, the flow control mechanism can have an impact on RAN2 design. More specifically, if the DC-type flow control used in X2-UP cannot be provided on the XW-U interface, then other mechanisms may be needed.

Observation 6: Even though XW user plane protocol choice is RAN3 responsibility, the requirements on feedback which affect RAN2 design (such as flow control support) should come from RAN2.  

Proposal 7: It is proposed to discuss whether XW-U should support (optional) flow control mechanism.
The absence of feedback information for flow control mechanism on the XW user plane interface may be compensated to some extent by UE reporting. However, not only this increases the UE impact, but it may also degrade the performance, as UE reporting may not be as frequent and may not provide direct information (such as WLAN-TP buffer status) as backhaul reporting via XW. 
Observation 7: Sending feedback information on the XW from WLAN termination point to eNB may have an impact to the WLAN termination point, but it may also improve performance.
Proposal 8: It is proposed to discuss methods of feedback for flow control instead of using XW for deployments where it may not be available, for example compensation to some extent by UE reporting. 
2.3 WLAN User Plane Aspects

For improved offloading to WLAN, it is necessary to allow multiple bearers per UE simultaneously via WLAN. 

Proposal 9: LTE/WLAN Aggregation should support multiple bearer transmission per UE on WLAN.
Since WLAN has no notion of E-UTRAN bearers, a mechanism should be implemented for the UE to differentiate between PDCP PDUs which belong to different bearers. This can be achieved in several ways such as prepending a bearer header (e.g. single byte) to the PDCP PDU at the eNB or using virtual WLAN MAC addresses per bearer on the AP side. 
Note: with the latter option the AP allocates a new virtual MAC address for every bearer offloaded to WLAN and uses this virtual MAC address 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.
In accordance with the requirement to “avoid IEEE 802.11 specification impacts”, any such mechanism should not introduce any changes to the WLAN MAC.

Proposal 10: A mechanism with no WLAN MAC impact will be supported in order for the receiver to differentiate PDCP PDUs which belong to different bearers. 
Another issue is that 802.11 protocol is designed to transfer IP traffic, rather than PDCP PDUs. 802.11 frames typically include the Subnetwork Access Protocol (SNAP) header, which includes the Protocol ID carrying the Ethernet type (EtherType). Typically Ethertype is set to 0x0800 indicating that the payload is IPv4 frame. The easiest way to extend WLAN to carry PDCP PDUs seems to be to define a new Ethertype (allocated by IEEE) for PDCP PDUs.
Proposal 11: A new EtherType for PDCP PDUs will be defined.
2.3 Concurrent LTE/WLAN Aggregation and Dual Connectivity operation
LTE/WLAN aggregation and Dual Connectivity address somewhat similar problem of increasing the network capacity. Even though in certain cases concurrent LTE/WLAN aggregation and Dual Connectivity may be possible with little standardization impact, we would like to solicit comments from operators whether concurrent operation of these technologies is a feasible and desirable deployment option.

Since both DC and LTE/WLAN aggregation are used for offloading, the benefits of such “double offloading” should be justified. Therefore, it is more appropriate to either exclude this mode or consider as a second priority.
Proposal 12: Concurrent operation of DC and LTE/WLAN aggregation for the same UE can be considered as a second priority.
2.4 Uplink Aspects

As mentioned in the beginning, it is more efficient for the progress of the WI to focus on downlink first. This was also captured in the WI objectives. During Dual Connectivity work, uplink aspects took considerable time and some of the work had to be postponed to Release-13. The main issue for the uplink in DC has been the coordination of scheduling between MeNB and SeNB. For the aggregation, there is a similar problem with the difference that WLAN transmissions are not scheduled. In addition to this scheduling coordination, since eNB is also the anchor point for uplink, unscheduled data arrivals at eNB may be problematic for some eNB implementations. Therefore, it is proposed here to agree on LTE only uplink first and discuss later how uplink on WLAN or on both links can be supported.
Proposal 13: Aggregation will support uplink transmissions on LTE. Other modes of operation for uplink will be discussed as a second priority.
3. Conclusion and Proposals
It is proposed to capture the LTE/WLAN user plane architecture and the proposals in TS 36.300 [2] appendix.
Proposal 1: In LTE/WLAN aggregation downlink, PDCP PDUs are transferred to the UE via LTE RLC or WLAN MAC.

Proposal 2: In LTE/WLAN aggregation encryption is provided by LTE PDCP layer and no WLAN encryption is required.

Proposal 3: In LTE/WLAN collocated scenario, the only CN interface is S1, terminated at the integrated eNB. There are no network interfaces to the integrated WLAN AP.

Proposal 4: In LTE/WLAN non-collocated scenario, the only CN interface for user plane is S1-U which is terminated at the eNB.

Proposal 5: WLAN logical entity (such as AP or AC) is connected to the eNB via a standardized interface and no other CN interfaces are used for aggregation.

Proposal 6: To define a logical “WLAN termination point” which can be located within WLAN AP, WLAN AC or any other node and refer to “WLAN termination point” when discussing network aspects and WLAN when discussing air interface aspects in our discussions and specifications.

Proposal 7: It is proposed to discuss whether XW-U should support (optional) flow control mechanism.

Proposal 8: It is proposed to discuss methods of feedback for flow control instead of using XW for deployments where it may not be available, for example compensation to some extent by UE reporting. 

Proposal 9: LTE/WLAN Aggregation should support multiple bearer transmission per UE on WLAN.

Proposal 10: A mechanism with no WLAN MAC impact will be supported in order for the receiver to differentiate PDCP PDUs which belong to different bearers. 
Proposal 11: A new EtherType for PDCP PDUs will be defined.
Proposal 12: Concurrent operation of DC and LTE/WLAN aggregation for the same UE can be considered as a second priority.

Proposal 13: Aggregation will support uplink transmissions on LTE. Other modes of operation for uplink will be discussed as a second priority.
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