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Introduction
In WLAN-3GPP radio interworking, access network selection and traffic steering decision is based on the information available in WLAN-OffloadConfig-r12 inside the SystemInformationBlockType17 [4] [5]. Specifically, the WLAN-OffloadConfig-r12 contains the following information elements that are concerned with the WLAN performance: 
1. Channel utilization (IEEE 802.11 BSS Load IE from Beacon Frame)
2. Backhaul Rate DL
(Derived IEEE 802.11 ANQP signaling – Downlink Speed & Downlink Load)
3. Backhaul Rate UL
(Derived from IEEE 802.11 ANQP signaling – Uplink Speed & Uplink Load)
4. Received Channel Power Indicator (RCPI)
Available from measurement by the UE
5. Received Signal to Noise Indicator (RSNI)
Available from measurement by the UE

From the information that is available to the UE, we classify the parameters that are relevant to the radio side of the network and backhaul side of the network in Table 1. 
Table 1: WLAN descriptors in WLAN-OffloadConfig-r12
	WLAN-OffloadConfig-r12 descriptors
	Classification

	thresholdChannelUtilization
	Radio 

	thresholdBackhaulDLBandwidth
	Backhaul

	thresholdBackhaulULBandwidth
	Backhaul

	thresholdRCPI
	Radio

	thresholdRSNI
	Radio



The other descriptors present within the WLAN-OffloadConfig-r12 information element represent the 3GPP measurements, viz., thresholdRSRP and thresholdRSRQ and other descriptors to assist in the offload, viz.,  offloadPreferenceIndicator and t-SteeringWLAN. 
The WLAN radio related variables in Table 1, ChannelUtilization, RCPI, and RSNI can be used to determine if the WLAN network has enough radio resources to accommodate an additional traffic flow when making the traffic steering and network selection decision. In order to make an accurate decision and ensure that the UE does not get a poor experience post-offload, it is desirable to have a good estimate of the expected WLAN performance. 
RAN2-#85bis, it was discussed that WLAN RCPI and RSNI measurements are not reliable and testable metrics to be able to make an offload decision [3]. A LS was sent to IEEE to understand the suitability of these metrics and also determine if there were additional parameters that could be considered for WLAN offload decision. IEEE replied with a LS to RAN2-86 indicating that RCPI and RSNI have a accuracy figure of ±5db when making measurements [4]. During the RAN2-86 meeting, it was considered to include RCPI and RSNI for the time being as additional variables to assist in the decision making even though they are not very accurate [2]. 
In this document, our focus is to assess the suitability of ChannelUtilization as a metric to decide the WLAN performance and estimate if the UE should offload to the specific WLAN network. We provide some results and put forth our observation that ChannelUtilization is only providing partial information about the WLAN network.
Analyzing the impact of Channel Utilization
 (
Figure 
1
: Network Topology
)As suggested in [5], ChannelUtilization can be used for access network selection and traffic steering decision. To verify the effectiveness of the ChannelUtilization metric to predict the spare capacity in a WiFi network, we carried out controlled simulation experiments. The network topology used in the simulation experiments is shown in Figure 1. 


As a part of the simulation based study, we evaluate the network in two different cases: 
Varying the packet size in the network
Varying the number of nodes in the network

In both the cases, we observe the indicator metric ChannelUtilization and also the achieved per-user throughput in the network. For all the nodes in the network, we choose the following settings in the simulation setup:
 
· WiFi variant: IEEE 802.11g
· Traffic type: UDP
· Topology: Nodes randomly deployed within 100m range of the AP 
(with received signal strength at -40dBm)
· UDP load: 2Mbps load per user

Case 1: Varying Packet Size in the Network
 (
Figure 
2
: Packet Size v/s Channel Utilization
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Figure 
3
: Packet Size v/s Throughput
)[image: ]Figure 2 shows the simulation results for ChannelUtilization for different packet sizes and Figure 3 shows the per user throughput. 

As seen in the figures, it can be observed that the channel utilization trend differs for users with different PHY conditions. This choice of PHY data rates is influenced by the RCPI, RSNI, collisions observed by the WLAN client, Auto Rate Fall-back scheme of the WLAN client. It can also be observed that a high channel utilization has an inverse relation as compared to the achievable throughput in the network. 
Observation 1:		The WiFi network performance depends on the packet sizes being used by traffic flows in the network.
Case 2: Varying the number of users in the network
 (
Figure 
4
: Number of Clients v/s 
ChannelUtilization
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Figure 
5
: Number of Clients v/s Throughput
)[image: ]Figure 4 shows the simulation results for ChannelUtilization with increasing number of clients in the network and Figure 5 shows the throughput achieved per user. 
It can be seen that in the early non-saturated region, the channel utilization has an almost linear relationship with the number of clients in the network. The non-saturation of the network can also be confirmed by the UDP throughput observed by each client in the network in Figure 5. Similar to the case 1, it can also be seen that the choice of PHY rates of individual clients in the network has an inverse relationship with the channel utilization. 
Observation 2: 	The performance of the WiFi network depends on the number of users in the network.
Comparison of Case-1 and Case-2
Considering the results in Figures 2 to 5, we get the summary as shown in Table 2: 
Table 2: Summary of Results from simulations
	Sr.No.
	
	Number of UEs
	Date Rate of all UEs
	Packet Size (bytes)
	Observed
Throughput 
(Per-user)
	Observed Throughput
(System)
	Channel Utilization (%)

	1
	Case-1
	6
	36M
	600
	2 Mbps
	12 Mbps
	55

	
	Case-2
	6
	36M
	600
	2 Mbps
	12 Mbps
	55

	2
	Case-1
	6
	24M
	400
	1.65 Mbps
	9.9 Mbps
	75

	
	Case-2
	3
	12M
	600
	2 Mbps
	6 Mbps
	75



[bookmark: _GoBack]The comparison of the two simulations shows that the channel utilizations observed for both the conditions is similar even though the observed throughput is significantly different in both cases. Hence, the channel utilization parameter is providing only partial information about the performance of the WiFi network performance. 
Observation 3: 	The channel utilization parameter from the BSS Load IE of the IEEE 802.11 beacon frame provides incomplete information about the WiFi network performance. 
With these observations, it is necessary to also consider other measurement parameters provided by the Beacon frame of IEEE 802.11 and ANQP parameters to determine admissibility and predictability of acceptable quality of service to the users in WiFi as comparable to E-UTRAN.
Proposal 1: 		Further parameters in addition to Channel Utilization, RCPI, RSNI, WLANBackhaulRateDL and WLANBackhaulRateUL. 
Conclusions
In conclusion, RAN2 must note the observations that indicate that ChannelUtilization is an incomplete metric to judge the WiFi network performance. 
Observation 1:		The WiFi network performance depends on the packet sizes being used by traffic flows in the network.
Observation 2: 	The performance of the WiFi network depends on the number of users in the network.
Observation 3: 	The channel utilization parameter from the BSS Load IE of the IEEE 802.11 beacon frame provides incomplete information about the WiFi network performance. 
Additionally, in order to address the accuracy of understanding the performance of the WiFi network to take a better offload decision at the UE, RAN2 is also requested to discuss and agree to the following proposal. 
Proposal 1: 		Further parameters in addition to Channel Utilization, RCPI, RSNI, WLANBackhaulRateDL and WLANBackhaulRateUL. 
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