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1. Introduction
At RAN#58 meeting, a SI proposal on WLAN/3GPP radio interworking [1] was approved with the aiming to improve user experience, provide more operator control and better access network utilization and reduced OPEX. During the SI phase, three solutions including UE centric and network centric methods were identified, which can be found in [2]. At RAN#62 meeting, the corresponding WI [3] covering only the UE centric solution was approved after heated discussion.
In this paper and corresponding SID in [4], we propose to consider the study item to further study the network-controlled WLAN/3GPP radio interworking solution in different scenarios to further improve the user experience, power efficiency and system efficiency in Release 13.

2. Discussion
WLAN networks are increasingly becoming an integral component for operators around the globe to deliver broadband wireless services and offload traffic from their cellular networks. With the increasing number of operator-deployed WLAN APs from different vendors and also LTE small cells from different vendors integrated with WLAN AP, how to efficiently use WLAN networks with cellular networks are becoming more and more important.
During the study and standardization of Release 12 WLAN/3GPP Radio Interworking, only UE centric method was considered, which does not have enough network control and access network utilization and also cannot sufficiently increase the user experience and power efficiency.

Also the scenarios and requirements identified in Release 12 WLAN/3GPP Radio Interworking are a little bit too coarse considering the complex, various possible deployment scenarios by operators.
Thus, we propose to further study the network-controlled solutions for tighter radio interworking considering various possible deployment scenarios.
2.1 Possible Deployment Scenarios
There could be several possible deployment scenarios considering the different types of products, e.g.:
1. eNB and WLAN AP are non-collocated and not connected.
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This may be the most common deployment scenario right now. Solution 3 identified in [2] could be used in this scenario to provided network-controlled WLAN/3GPP radio interworking. Furthermore, some enhancements of solution 3 may be needed to provide even tighter radio interworking to further improve the user experience, power efficiency and system efficiency, e.g. UEs could dynamically report load status of certain APs to eNB to enable eNB make more accurate and dynamic offloading decision.
2. eNB and WLAN AP are non-collocated and connected via ideal backhaul.
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In this scenario, some tight carrier-aggregation-liked solution could be developed to realize tighter radio interworking to further improve the user experience, power efficiency and system efficiency. For this kind of solution, several aspects need to be carefully considered and designed, e.g.:
· Should both DL and UL be considered in the solution considering the complexity and practicality?

· Which layer the aggregation should happen at, e.g. RLC or PDCP? Remember IEEE 802.11 only specifies the PHY and MAC layer.

· Do we need to introduce a new layer, e.g. General Link Layer, to harmonize and manage the aggregation or we just modify current involved layers, e.g. RLC, PDCP, RRC, to adapt to the aggregation?
· What are the architecture and specification changes needed to support certain level aggregation and what is the additional complexity?

· For example, if the aggregation happens at RLC layer, then we many need to consider:

· Which transmission mode could be used to mapping packets transmitted to/from WLAN?
· How to ensure RLC work properly considering unpredicted transmission time in WLAN?
· How to generate WLAN recognized packets from RLC to WLAN?

· Other aspects which may be impacted by WLAN characteristics.
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· How to ensure the QoS of the traffic offloaded/switched to WLAN, considering little QoS mechanism provided by WLAN and no HARQ in WLAN.
· How to enhance mobility performance to ensure UEs connect to target WLAN APs timely and accurately.
· How to ensure or even enhance UEs’ power efficiency when using both LTE and WLAN?
· etc
3. eNB and WLAN AP are non-collocated and connected via non-ideal backhaul.
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In this scenario, some tight dual-connectivity-liked solution could be developed to realize tighter radio interworking to further improve the user experience, power efficiency and system efficiency. For this kind of solution, several aspects need to be carefully considered and designed as we discussed in scenario 2.
Furthermore, a new interface between the LTE eNB and WLAN AP may need to be standardized to realize this dual-connectivity-liked solution. The detailed and necessary functionalities of the new standardized interface to realize the dual-connectivity-liked solution should be well considered.
4. eNB and WLAN AP are collocated and an implementation-based interface exists.
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In this scenario, some tight carrier-aggregation-liked solution could be developed to realize tighter radio interworking to further improve the user experience, power efficiency and system efficiency. For this kind of solution, several aspects need to be carefully considered and designed as we discussed in scenario 2.
Furthermore, the In-Device Coexistence problem including possible intermodulation and harmonic distortion problem in the LTE eNB side may need to be well considered.
5. eNB and WLAN AP are collocated and there is no implementation-based interface.
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In this scenario, solution 3 identified in [2] could be used in this scenario to provided network-controlled WLAN/3GPP radio interworking. Furthermore, some enhancements of solution 3 may be needed to provide even tighter radio interworking to further improve the user experience, power efficiency and system efficiency, e.g. UEs could dynamically report load status of certain APs to eNB to enable eNB make more accurate and dynamic offloading decision.
2.2 General Requirements
To ensure this tight network-controlled WLAN/3GPP radio interworking to be utilized in the real network by operators, some general requirements are needed:
· The solution should be truly network and operator controlled.

· The QoS of the split traffic to WLAN from LTE should be guaranteed and even improved.
· The mobility performance when UEs move or switch from/to LTE to/from WLAN should be enhanced.
· The UEs’ power efficiency when using both LTE and WLAN should be enhanced.
· Do not introduce extra CAPAX and OPEX compared with traditional solutions.
3. Conclusions and Proposal

It is proposed to discuss the new study item proposal in [4] “New SI proposal: Network Controlled WLAN/3GPP Radio Interworking” for Release 13.
4. References

[1] RP-122038, “New Study Item Proposal on WLAN/3GPP Radio Interworking”
[2] TR 37.834, Study on Wireless Local Area Network (WLAN) - 3GPP radio interworking
[3] RP-132101, “New Work Item Proposal: WLAN/3GPP Radio Interworking”
[4] RP-141362, “New SI proposal: Network Controlled WLAN/3GPP Interworking”, China Telecom
3GPP


