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1
Introduction
At RAN plenary meeting #37, a new WI has been approved [1] with the following agreed requirements:

· Support legacy WLAN deployments without any need for modifications to the deployed WLAN nodes;

As well as the following objectives for RAN3:

· Define flow control for LWIP e.g. via reuse of the LWA framework;

· Define improvements to WLAN measurement framework e.g. as defined for eLWA 

The enhancements should reuse the existing LWIP architecture and the LWIPEP protocol defined for LWIP.

This contribution is to further analyse the improvement of WLAN measurement framework assuming that the connectivity between eNB and LWIP-SeGW is available.
2
Discussion
Delivery of LWIP WLAN measurement from UE to eNB via LTE air interface is RRC which is currently specified in [2] as mentioned below:

“A UE supporting LWIP may be configured for WLAN measurements as per subclause 22A.1.5.”

On the other hand, delivery of WLAN measurement via Xw-C interface from WT to eNB is specified in [2] for non-collocated LWA scenario but this is currently not available for LWIP. The WLAN metrics per BSSID are delivered using WT STATUS REPORT messages via Xw-C interface. 
As shown in Table 1, IEs of WLAN measurements based on Rel-13 are almost identical either via RRC signalling or via Xw-C interface. But additional metrics of HS2.0 ANQP-element [3], such as downlink and uplink of WAN backhaul load, are not appeared in RRC signalling message.  
Table 1: IEs of WLAN Measurement for RRC MeasResultWLAN and WT STATUS REPORT
	IEs of WLAN Measurement Related Metrics

	MeasResultWLAN IE of RRC Signalling Message [4]
	WT STATUS REPORT [5]

	wlan-Identifiers-r13
	BSSID

	carrierInfoWLAN-r13
	

	bandWLAN-r13
	

	rssiWLAN-r13
	

	availableAdmissionCapacityWLAN-r13
	Available Channel Utilization

	backhaulDL-BandwidthWLAN-r13
	WAN Metrics: WAN Backhaul Rate DL

	backhaulUL-BandwidthWLAN-r13
	WAN Metrics: WAN Backhaul Rate UL

	channelUtilizationWLAN-r13
	BSS Load: Channel Utilization

	stationCountWLAN-r13
	BSS Load: Station Count

	connectedWLAN-r13
	

	
	WAN Metrics: WAN Backhaul Load DL

	
	WAN Metrics: WAN Backhaul Load UL


Periodic reporting is supported using WT STATUS REPORT messages via Xw-C interface since Rel-13. However, periodic WLAN measurement reporting is not supported for the Release 13 LWIP features and is triggered based on measurement event W1, W2, and W3 as pointed out in [7]. This has further confirmed as per subclause 22A.1.5 of [2] that “WLAN measurement reporting is triggered using RSSI”. Periodic WLAN measurement to support at least reportStrongestCells has been proposed in [8] and will only be added in Rel-14. Thus, the WLAN measurement framework simply relies on RRC signalling from UE to eNB may not be sufficient to improve WLAN network selection and LWIP performance. Even if the periodic WLAN measurement reporting is available via RRC signalling, this could put significant burden to LTE air interface as pointed out in [13] [14] [15]. Therefore, delivery of WLAN measurement from LWIP-SeGW to eNB is still a prefer approach since it can be more often and incur less delay. 
Observation 1: IEs of WLAN measurement provided by both RRC MeasResultWLAN and WT STATUS REPORT are almost identical. 
Observation 2: Periodic WLAN measurement via RRC signalling is not supported for Rel-13 and will be added in Rel-14 to support reportStongestCells. 

Observation 3: Rely on WLAN measurement delivered via RRC signalling from UE to eNB is not sufficient for improving WLAN network selection and LWIP performance.
Proposal 1: Improving the WLAN measurement framework for LWIP should be based on WLAN measurement delivery from LWIP-SeGW to eNB due to periodic WLAN measurement putting burden on LTE air interface.
Assuming WLAN measurement is delivered from LWIP-SeGW to eNB, the remaining question now is how LWIP-SeGW going to obtain the WLAN measurement. The WLAN measurement could be either based on input from the WLAN AP/AC, or just routed from the UEs, to LWIP-SeGW [9]. The WLAN measurement, such as station count, channel utilization and admission capacity,  delivered via RRC signalling from the UEs to the eNB is obtained from BSS load elements encapsulated in IEEE 802.11 beacon frame or probe response frame sent by the WLAN AP. Meanwhile, the WAN metrics is obtained by the UE based on the IEEE 802.11 ANQP procedures defined in [6]. To better estimate the availability of WLAN capacity, additional feedback metric, such as estimated throughput defined in R.7 equation of [6] and etc., is proposed to improve the LWA performance [11] [12]. This estimated throughput for DL and UL is calculated at the UE site based on the ESP element from IEEE 802.11 beacon frame or probe response frame sent by the WLAN AP. UEs are then able to report WLAN measurement to eNB via LTE air interface.
Observation 4: WLAN metrics are either captured at the UE via WLAN air interface or calculated at the UE based on IEEE 802.11 frames sent by WLAN AP.
Based on the proposed WI, the WLAN enhancement should reuse the existing LWIP architecture and the LWIPEP protocol defined for LWIP, including WLAN measurement framework. To solve the problem of LWIP-SeGW to obtain the WLAN measurement, we propose that LWIP tunnel is utilized to send the WLAN measurement reporting to LWIP-SeGW so that LWIP measurement can then be delivered from LWIP-SeGW to eNB via the Xw extension interface or a new interface [16]. In such a way, no modification is required for the deployed WLAN nodes. LWIPEP as defined in [10] can be further extended to indicate that the LWIPEP header containing the WLAN measurement. By allocating one additional bit of the Key field in the GRE header for this purpose, bit-5 is set to 1 to indicate that there is WLAN measurement in LWIPEP header. The optional fields of GRE header can then be used to carry the measurement metrics. 
Proposal 2: Utilize the LWIP tunnel and reuse the LWIPEP protocol to deliver the WLAN measurement shall be considered to deliver the WLAN measurement from LWIP-SeGW to eNB.
Utilizing LWIP Tunnel, Connectivity between eNB and LWIP-SeGW and also LWIPEP Protocol To Improve WLAN Measurement Framework
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Utilizing Bit-5 in GRE Header for WLAN Measurement Reporting 
   0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

   |C| |K|S| Reserved0       | Ver |         Protocol Type         |

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

   |      Checksum (optional)      |       Reserved1 (Optional)    |

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

         | DRB ID  |M|                Key (optional)                     |

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

   |                 Sequence Number (Optional)                    |

   +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+

3
Conclusions

In this contribution, we have provided our observations related to the WLAN measurement framework available for current LWIP solution:
Observation 1: IEs of WLAN measurement provided by both RRC MeasResultWLAN and WT STATUS REPORT are almost identical. 
Observation 2: Periodic WLAN measurement via RRC signalling is not supported for Rel-13 and will be added in Rel-14 to support reportStongestCells. 

Observation 3: Rely on WLAN measurement delivered via RRC signalling from UE to eNB is not sufficient for improving WLAN network selection and LWIP performance.
Observation 4: WLAN metrics are either captured at the UE via WLAN air interface or calculated at the UE based on IEEE 802.11 frames sent by WLAN AP.
Based on our analyses, we have summarized our proposals as follow: 

Proposal 1: Improving the WLAN measurement framework for LWIP should be based on WLAN measurement delivery from LWIP-SeGW to eNB due to periodic WLAN measurement putting burden on LTE air interface.
Proposal 2: Utilize the LWIP tunnel and reuse the LWIPEP protocol to deliver the WLAN measurement shall be considered to deliver the WLAN measurement from LWIP-SeGW to eNB.
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