3GPP TSG-RAN WG2 Meeting #89bis
R2-151263
Bratislava, Slovakia, 20 - 24 April 2015
Agenda item:
7.6.2
Source:
Nokia Networks
Title:
Scenarios for WLAN aggregation and interworking
WID/SID:
LTE_WLAN_radio-Core - Release 13
Document for:
Discussion and Decision

1
Introduction
The agreed WID [1] for LTE-WLAN radio level integration and interworking enhancements captures the following considerations regarding the deployment targets: 
The benefits of LTE/WLAN aggregation can be realized in both co-located and non-co-located deployments. For the collocated case, corresponding to the small cell deployment, LTE eNB and WLAN AP/AC are physically integrated and connected via an internal interface. This scenario is similar to LTE carrier aggregation. For the non-co-located case, LTE eNB and WLAN are connected via an external interface. This scenario is similar to LTE dual connectivity. In both collocated and non-collocated cases, the WLAN link behaves as second access for data while the control is managed by eNB via RRC.

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 and interworking enhancement is based on solution-3 in the Release-12 SI on 3GPP/WLAN Radio Interworking. 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. 

This contribution discusses potential deployment scenarios and use cases for LTE-WLAN aggregation and interworking enhancements.
2
Discussion
The WID [1] covers REL-13 LTE-WLAN radio level integration and radio interworking enhancements. The latter should build upon the REL-12 RAN-assisted WLAN radio interworking feature and aims at network-controlled traffic steering mechanisms in order to increase user and system performance. The radio level integration part targets the aggregation of user-plane data simultaneously through LTE and WLAN deployed and controlled by operators and their partners. Throughput and capacity improvements are enabled by spectrum aggregation, i.e. both licensed and unlicensed spectrum can be allocated to the UE as offered by the LTE eNB and WLAN node. Also more dynamic traffic offload to the WLAN nodes can be achieved as well. Aggregation is possible in the case where the UE is in coverage of both the LTE eNB and the WLAN Access Point (AP) simultaneously. 
The following scenarios are in the scope of the work according to the WID [1]:

1. Collocated LTE-WLAN aggregation

2. Non-collocated LTE-WLAN aggregation

3. Collocated LTE-WLAN interworking 

4. Non-collocated LTE-WLAN interworking
Also, according to [1] the scenarios should be based on the ones defined for Rel-12 Dual Connectivity (DC), cf. TR 36.932 [2]. Figure 1 illustrates both collocated and non-collocated scenarios. In the collocated scenario, the LTE eNB and WLAN AP are physically collocated, while in the non-located scenario the LTE eNB and WLAN AP or Access Controller (AC) are connected via a standardized interface. As the WLAN AP is characterized by low Tx power, e.g. 20 dBm, typically a WLAN AP will have a limited coverage area. This means that the collocated scenario can be realized in practice only between a small cell eNB and WLAN AP, i.e. local-area deployments. More typically, due to coverage [image: image1.png]Collocated Scenario
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area difference, multiple APs will be present within the coverage area of an eNB, i.e. non-collocated scenario. 
Figure 1. Collocated and non-collocated deployment scenarios for REL-13 LTE-WLAN aggregation and interworking. 
Proposal 1: Both collocated and non-collocated scenarios are supported for REL-13 LTE-WLAN radio level integration and interworking enhancements.

In the non-collocated scenario, the standardized interface between eNB and WLAN is required to exchange user-plane and control-plane to support LTE-WLAN aggregation. According to [1] the interface can also use similar user plane solution of DC (i.e. X2-U). In the context of LTE-WLAN interworking enhancements, the standardized interface is limited to control-plane exchange which enables coordination between the eNB and WLAN AP/AC. Such coordination is beneficial for the purpose of optimal 3GPP-WLAN traffic steering decisions as described in [3], and TR 37.870 [4].
In general, the control-plane exchange via the interface of load/performance metrics available at the WLAN AP has several advantages compared to the alternative of relaying those metrics via the UE. It limits information latency and avoids altogether air interface signalling and UE battery consumption. This is valid for the purpose of both WLAN aggregation and interworking. For a discussion on the latter cf. [5]. 
It should be noted as well that even for the collocated scenario the same standardized interface could be used as it enables inter-vendor operability. 
Proposal 2: A standardized interface between LTE and WLAN is required in the non-collocated scenario and is beneficial for the collocated scenario as part of both REL-13 LTE-WLAN radio level integration and interworking enhancements solutions.

It is worth noting also that both LTE-WLAN aggregation and interworking enhancement solutions could coexist in the network when UEs with Rel-12 / Rel-13 capabilities are present.

Observation 1: LTE-WLAN aggregation and interworking enhancement solutions may coexist in the network.
The following use cases were discussed in the scope of REL-12 interworking and captured in the TR 37.834 [6]:
A.
UE is within E-UTRAN coverage, is using 3GPP and goes into WLAN AP coverage

B.
UE is within E-UTRAN and WLAN coverage, is using WLAN and goes out of WLAN AP coverage

C.
UE is within the coverage area of both, UE using WLAN, all or a subset of the UE’s traffic should be routed via E-UTRAN instead

D.
UE is within the coverage area of both, UE using E-UTRAN,  all or a subset of the UE’s traffic should be routed via WLAN instead

E.
UE using both accesses and should be connected to only one (WLAN or E-UTRAN) or some traffic should be moved to the other access
The same use cases seem to be valid also in the scope of REL-13 scenarios, i.e. the same UE mobility may happen and the network may want to steer the traffic accordingly. 
In addition for the purpose of REL-13 WLAN aggregation the UE may use both accesses simultaneously for the same radio bearer i.e. aggregation at radio level of both LTE and WLAN links. Also, it should be considered that due to UE mobility, load and interference fluctuations, a UE may move across two or more WLAN APs or a Basic Service Set (BSS) e.g. within an Extended Service Set (ESS) according to standardized IEEE mechanisms and/or recognized/de-facto proprietary mechanisms. Therefore two further use cases should be added as follows:
F. UE is within the coverage area of both LTE and WLAN, and uses both accesses simultaenously for the same radio bearer 
G. UE is within the coverage area of both LTE and WLAN, is using both accesses simultaenously for the same radio bearer and  performs an AP change
Proposal 3: The use cases above are considered in the REL-13 LTE-WLAN Radio Level Integration and Interworking Enhancements scenarios.
Furthermore, it should be clarified the potential impact of WLAN mobility on LTE-WLAN aggregation. For instance it should be discussed whether LTE-WLAN aggregation should be maintained or reset for the UE upon an AP change. In the former case it should be discussed what are the implications when the AP change happens within a WLAN mobility domain or between mobility domains.
Proposal 4: The potential impact of WLAN mobility should be discussed and it should be defined in which condition of AP change the LTE-WLAN aggregation is maintained for a UE and in which case it is reset.
Also, due to the limited coverage area of an AP, only low and medium UE speeds, e.g. up to 30km/h are necessary to support in the outdoor case. Clearly, indoor UE speeds will be naturally limited to e.g. 0 km/h – 3 km/h.

Proposal 5: Limited UE speeds, e.g. up to 30km/h should be targeted by both REL-13 LTE-WLAN radio level integration and interworking enhancement solutions.

3
Conclusion
In this contribution we have discussed the target deployment scenarios for LTE-WLAN aggregation and interworking enhancement and make the following proposals and observations:
Proposal 1: Both collocated and non-collocated scenarios are supported for REL-13 LTE-WLAN radio level integration and interworking enhancements.

Proposal 2: A standardized interface between LTE and WLAN is required in the non-collocated scenario and is beneficial for the collocated scenario as part of both REL-13 LTE-WLAN radio level integration and interworking enhancements solutions.

Observation 1: LTE-WLAN aggregation and interworking enhancement solutions may coexist in the network.
Proposal 3: The use cases above are considered in the REL-13 LTE-WLAN Radio Level Integration and Interworking Enhancements scenarios.

Proposal 4: The potential impact of WLAN mobility should be discussed and it should be defined in which condition of AP change the LTE-WLAN aggregation is maintained for a UE and in which case it is reset.

Proposal 5: Limited UE speeds, e.g. up to 30km/h should be targeted by both REL-13 LTE-WLAN radio level integration and interworking enhancement solutions.
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