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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).

Our understanding is that the WID settles that all bearers are anchored at the eNB (common for both alternatives 2C and 3C) and that only user plane data may be transmitted using WLAN (similar as for LTE R12 Dual Connectivity).

Furthermore, as discussed in [2], our understanding is that another objective of the WID is to support per packet offload (i.e. bearer split) and per bearer offload (i.e. WLAN-only bearers).

This contribution further discusses requirements for LTE and WLAN radio level integration.
2 LTE and WLAN Integration from the LTE QoS Perspective
2.1 Principles of LTE QoS – the network is in control

The LTE QoS framework is based on per bearer QoS differentiation e.g. each EPS bearer is associated with a QoS Class Identifier (QCI). A QCI corresponds to a set of QoS parameters that describes the properties of the bearer such as the bit rate, the priority, the packet delay budget and the packet error loss rate. From the radio interface perspective, the eNB can use the associated QCI information to set a number of L2 parameters when configuring a bearer for a given UE and to perform suitable scheduling of the associated user plane data. Such L2 parameters include the PDCP SDU discardTimer, the RLC AM/UM mode, the parameters for the MAC Logical Channel Configuration including priority, prioritizedBitRate, etc. The network can thus control all aspects related to the QoS requirements for each service while the eNB (and its scheduler) has proper means to ensure that those aspects are properly fulfilled for any given bearer. When LTE R12 dual connectivity is configured for given UE, each scheduler has means to fulfill its respective share of the QoS requirement for the concerned UE - even for a bearer configured for split operation (i.e. downlink for R12 and possibly uplink for R13).

· In R12 LTE DC, the network has complete control of the QoS configuration for any type of bearer.

· Each scheduler has means to fulfill its share of the QoS requirements for all bearers.

2.2 Principles of WLAN QoS – what can LTE assume and/or control?

The WLAN specifications define a number of QoS-related mechanisms. For example, it defines a number of access categories (AC) such as background traffic, best-effort, video and voice categories. Each AC translates into different parameter values for interframe spacing, for contention windows that control the size of the random backoff and a number of retries. It also defines some form of resource reservation (Unscheduled Automatic Power-Save Delivery – U-APSD) that allows a client station to synchronize the transmission and reception of (typically voice) data frames with the WLAN access point (AP). Other mechanisms, possibly even implementation-based, also exists. There is however a significant difference in the approach used by both technologies in terms of access control and other factors (such as access point load) that can significantly impact the provisioning of QoS, as well as in terms of “mandatory” support of the different specified QoS-related features - and where more is relied upon the WLAN client itself.
· The QoS approach in the WLAN radio access follows a different approach than LTE.

Further clarifications and assumptions may be needed in RAN2 in terms of what is needed and what may be available (mainly in the UE) for the configuration of QoS aspects, for the observation of the performance of the WLAN access and for the control of the WLAN access in the UE.

· RAN2 may need to discuss the assumptions related to the LTE QoS requirements when further integrating WLAN:

· What WLAN QoS mechanism(s) are assumed to be supported/available for LTE and WLAN integration, if any? 

· Can data for a bearer of any QCI be transmitted over WLAN?

· If so, how does LTE enforce QoS?

· If not, what are the restrictions and how can LTE ensure that minimal QoS requirements are fulfilled?

· Is there a difference between bearer architecture 2C (no split) and 3C (with split) from that perspective?

2.3 Objectives and requirements for further WLAN integration with LTE

The WID aims to integrate WLAN with LTE beyond what is supported in R12 by building on Dual Connectivity principles (the aggregation approach) and by building on “solution 3” in TR 37.834 (the interworking approach). In addition, one objective of the WID is to include support for per packet offload (i.e. bearer split) and per bearer offload (i.e. WLAN-only bearers).

At least from the perspective of the aggregation approach, user plane data transmitted using the WLAN access will belong to a LTE EPS bearer, whether it is for a split bearer (3C) or not (2C). As such, the handling of the QoS should be at least equal to that of a service transmitted using LTE only such that the objective to ”provide significant capacity and QoE improvements” is fulfilled. Hopefully, this requirement would apply to any user plane data transmitted using the WLAN access using this type of integration i.e. the principles of the LTE QoS framework should remain applicable for EPS bearers mapped to WLAN-only radio bearers (2C) or mapped to split radio bearers (3C) for both the aggregation and the interworking approach.

Consequently, the following is proposed:
Proposal 1: 
Solutions for aggregation and interworking should enable means for LTE to control the QoS offered by the WLAN access per EPS bearer.

Such means may be based on configuration aspects for the UE WLAN and/or by enabling LTE to compensate when the WLAN access cannot meet its share of the expected QoS level.
Proposal 2: 
Solutions for aggregation should ensure that the resulting packet loss rate should be no worse for an EPS bearer using the WLAN access than when using only LTE for the applicable QCI.

Proposal 3: 
Solutions for aggregation should ensure that possible impacts to the packet delay budget should be no worse for packets associated to an EPS bearer using the WLAN access than when using only LTE for the applicable QCI.

Other aspects indirectly related to the QoS aspects but that may need to be addressed when further integrating WLAN with LTE include reliability of the WLAN access such as the need for timely detection by LTE of a radio link failure for the WLAN access and suitable recovery procedure (if any).
Proposal 4: 
Possible service interruption time e.g. due to mobility events, reconfiguration, radio link degradation or failure of the WLAN access should be no worse for a bearer using WLAN than if using LTE only.

3 Conclusion

When further integrating WLAN with LTE, any bearer that carries user plane traffic with a given set of required QoS characteristics should perform no worse when at least some of its data is transmitted using WLAN than a bearer with similar QoS characteristics whose data traffic is transmitted exclusively using LTE. Our view is that such integration should not degrade the expected QoS of a service at least for the approach based on R12 Dual Connectivity and in particular from the perspective of Packet Loss Error Rate, Packet Delay Budget and possible service interruption.

RAN2 should thus discuss the above and agree to the following requirements for the WI on LTE+WLAN integration:

Proposal 1: 
Solutions for aggregation and interworking should enable means for LTE to control the QoS offered by the WLAN access per EPS bearer.

Such means may be based on configuration aspects for the UE WLAN and/or by enabling LTE to compensate when the WLAN access cannot meet its share of the expected QoS level.
Proposal 2: 
Solutions for aggregation should ensure that the resulting packet loss rate should be no worse for an EPS bearer using the WLAN access than when using only LTE for the applicable QCI.

Proposal 3: 
Solutions for aggregation should ensure that possible impacts to the packet delay budget should be no worse for packets associated to an EPS bearer using the WLAN access than when using only LTE for the applicable QCI.

Proposal 4: 
Possible service interruption time e.g. due to mobility events, reconfiguration, radio link degradation or failure of the WLAN access should be no worse for a bearer using WLAN than if using LTE only.
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