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Introduction

Work item on LTE-WLAN radio level integration and interworking enhancement has been agreed in [1]. The purpose of the work item is to define solutions for two integration enhancements, aggregation and interworking in both co-located and non-co-located scenarios. The purpose of this contribution is to discuss some aspects related to radio resource management of LTE-WLAN interworking enhancement. 
Discussion
It is stated in 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 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. 

Also there are some RRM related agreements made in RAN2 #89bis:
For aggregation and interworking enhancements

1
We extend the RRM measurement framework by adding WLAN measurement reporting. 

2
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)

3
The eNB may configure measurement objects for WLAN measurements. 

4
For interworking enhancements the eNB may send a steering command to the UE (actual format and content is FFS)

5
RAN2 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. 

As stated in WID the traffic steering solution for interworking should be based on solution 3 in [2]. Solution 3 is the network based solution for the traffic steering in connected state, which was left out of Release 12. In solution 3, in order to do optimum decision of traffic steering, the network requires measurement reports describing both LTE and WLAN network state. General message flow for solution 3 is shown in Figure 1 [2]. In this figure it is assumed that network signals measurement control information to the UE including required measurements, event triggers etc. The UE then sends measurement report when needed and the final decision on steering will be done by the network. 
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Figure 1 Message flow for solution 3
Candidate measurement events for WLAN reporting discussed in Rel-12 are shown in Table 1 [2]. These could be used as baseline for Rel-13 enhancement. 
Table 1 Candidate measurement events for reporting WLAN
	Event
	Description

	W1
	WLAN becomes better than a threshold (to trigger traffic steering to WLAN)

	W2
	WLAN becomes worse than a threshold (to trigger traffic steering from WLAN)

	W3
	3GPP Cell’s radio quality becomes worse than threshold1 and WLAN’s radio quality becomes better than threshold2 (to trigger traffic steering to WLAN)

	W4
	WLAN’s radio quality becomes worse than threshold1 and 3GPP Cell’s radio quality becomes better than threshold2 (to trigger traffic steering from WLAN)


Proposal 1 Use Rel-12 candidate events as baseline for Rel-13 solution
As stated above it has been agreed that measurement metrics used for Rel-12 RAN rules are adopted as baseline for Rel13 enhancement. For WLAN measurements RAN rules exist for channel utilization, backhaul bandwidth and beacon RSSI measurements. Channel utilization is part of BSS load measurement element in WLAN. Traffic steering measurements should be primarily based on WLAN beacon RSSI but also other metrics are useful to determine load conditions of WLAN cells. Hence also other metrics should be available for the network. It has already been decided in RAN2 that RAN2 recommends RAN3 to introduce network interface for additional metrics.
Observation 1 Introducing network signalling for WLAN load related measurements i.e. channel utilization, backhaul load is useful
Beacon RSSI needs to be obtained from the UE/STA since that is a measurement done by STA. However other measurements are done by the access point and hence can be obtained by the eNB either directly from the AP or possibly by UE reporting. UE reporting would be needed only in case there is no interface between the eNB and WLAN AP. It is not clear based on WID if that case is needed to be supported and hence this issue is proposed to be discussed.
Proposal 2 Introduce UE signalling for WLAN beacon RSSI
Proposal 3 Discuss if UE based signalling is required for WLAN load related measurements
Advanced LTE networks in the future will have very high datarate available by utilizing aggregation of bandwidth and multiple antenna techniques. However, the same applies to WLAN networks as well. Already commercially available 802.11ac has support for bandwidth up to 160MHz, MIMO with up to eight spatial streams and MU-MIMO for up to four users simultaneously. 
Similar to 3GPP systems different versions of the WLAN system exist and they can be configured to different configurations which may impact the capacity. The capability of WLAN network is broadly described by the amendment. For example, out of the already mentioned features in 802.11ac there is mandatory support for SU-MIMO and up to 80MHz channel bandwidth. There are, however, several optional features such as 160MHz and 80+80MHz bandwidths and MU-MIMO that also affect the achievable throughput in the WLAN system. 

Considering this it would be good to know the capabilities of the WLAN in order to be able to make a reasonable comparison against LTE and hence optimal offloading decision. For example, different used bandwidth may impact the decision which of the systems offer better throughput. WLAN STA capabilities are known by the AP and hence the information could be obtained from AP as well as from the UE/STA. As discussed in context of WLAN load measurement UE reporting is only needed when there is no interface between AP and eNB. It is proposed to discuss if that is needed.
Proposal 4 Introduce network signalling for WLAN capabilities.

Proposal 5 Discuss if UE based signalling is also required for WLAN capabilities.
As said BSS load (or part of it) is already included in the baseline WLAN measurements. Another useful measurement would be extended BSS load, which is an extension of BSS load measurement in 802.11ac taking into account the new features of ac specification. Content of extended BSS load element is shown in Figure 2 [3]. 
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Figure 2 Extended BSS load element format
Extended BSS load is mainly meant to bring new load measures of MU-MIMO and secondary channels used for new wider bandwidth. Fields of extended BSS load element include:
· MU-MIMO Capable STA Count: Indicates the total number of MU-MIMO capable STAs currently associated with this BSS.

· Spatial Stream underutilization: Indicates percentage of time the primary channel has underutilized spatial domain resources for given busy time of the medium.

· Observable Secondary 20 MHz utilization: Measurement of observable loading in secondary 20MHz channel.

· Observable Secondary 40 MHz utilization: Measurement of observable loading in secondary 40MHz channel.

· Observable Secondary 80 MHz utilization: Measurement of observable loading in secondary 80MHz channel.

Example of primary and secondary channel allocations is shown in Figure 3. 
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Figure 3 Example of primary and secondary channel allocations for consequtive 160MHz bandwidth.

When it comes to determining achievable datarate in 802.11ac network these extended measures could be useful. The BSS load carries information on the primary channel load only. As the bandwidth increases it would be more beneficial to also acquire information on the secondary channels to obtain information if unscheduled bandwidth is available. Hence it is proposed that extended BSS load should also be introduced as possible WLAN measurement in Release 13. It should be noted that extended BSS load is meant to be used as supplementary measure in addition to the BSS load.
Proposal 6 Introduce network signalling for extended BSS load measurement.

Proposal 7 Discuss if UE based signalling is required for extended BSS load measurement
Conclusion

In this paper we have made the following proposals:
Proposal 1 Use Rel-12 candidate events as baseline for Rel-13 solution
Proposal 2 Introduce UE signalling for WLAN beacon RSSI
Proposal 3 Discuss if UE based signalling is required for WLAN load related measurements
Proposal 4 Introduce network signalling for WLAN capabilities.
Proposal 5 Discuss if UE based signalling is also required for WLAN capabilities.
Proposal 6 Introduce network signalling for extended BSS load measurement.
Proposal 7 Discuss if UE based signalling is required for extended BSS load measurement
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