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1   Introduction
At RAN2#85, the following parameters are identified to help estimating UE throughput in WLAN in [1][2]:

· WLAN Capacity (e.g. BSS Load)

· UE average data rate in WLAN AP;

· WLAN Identifier (e.g. SSID,BSSID,HESSID);

· BSS Average Access Delay / BSS AC Access Delay;

· WAN Metrics.

During the discussion, there’re still some open questions for the parameters in [1],
· How the parameters are used and for which motivation?

· How frequent is the exchange? Should Power/on off be considered?

· Should the parameters be classified per UE? Or per AP?  What is the granularity of these parameters?

This contribution gives examples of UE throughput estimation in WLAN, and addresses above issues and proposes the revised TP to reflect the questions. 
2    Discussion

2.1   Examples of UE throughput estimation in WLAN

In the following, we offer examples for RAN to estimate UE throughput in WLAN. 
2.1.1 Example 1

Generally, UE throughput in WLAN can be calculated based on three impacting factors, i.e., Effective Transmission Time, Effective Spectrum Efficiency and Available Backhaul Rate. That is,

UE throughput in WLAN= min(Effective Transmission Time * Effective Spectrum Efficiency, Available Backhaul Rate)

Effective Transmission Time:
The Effective Transmission Time is predicted as the time a new UE joining the WLAN would be able to be served by the AP, which is closely related to the contentions among the new UE and the already associated UEs in WLAN. That is, the new UE may be able to achieve more air fractional time than that of idle channel through WLAN contention. First of all, air fractional time of idle channel can be estimated from Channel Utilization in BSS Load. However, the total air fractional time of idle channel cannot be fully utilized for data transmission due to the WLAN data exchange sequence as shown in Fig 1.1, which is consisted of five parts, i.e., DIFS, Backoff, Data, SIFS and ACK/BA. The durations of DIFS, SIFS and ACK/BA are relatively constant for given WLAN Protocol Version. The average Backoff duration can be obtained from BSS Average Access Delay/BSS AC Access Delay contained in Beacon. By subtracting the four parts from the total air fractional time of idle channel, the remaining fractional time is available for data transmission, which we called Effective Transmission Time. 
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Fig 1.1 basic WLAN data exchange sequence

Effective Spectrum Efficiency:
Assume that RAN has the mapping table of RSSI to MCS and the mapping table of MCS to spectrum efficiency with different WLAN Protocol Version, the spectrum efficiency could be estimated at the assumption of no transmission errors. If WLAN could further provide some performance related statistics, e.g., The Transmitted MSDU Count, The MSDU Failed Count, or STA Statistics Report for example, RAN is able to estimate the average packet error rate (PER) in WLAN, e.g.,

PER= The MSDU Failed Count/( The Transmitted MSDU Count+ The MSDU Failed Count)

By considering PER, the Effective Spectrum Efficiency can be amended. In implementation, RAN could make more accurate estimation by considering other parameters, e.g., UE’s packet size, UE’s MIMO capability etc.

Available Backhaul Rate:
Finally, Available Backhaul Rate can be obtained by RAN from The Downlink/Uplink Speed and The Downlink/Uplink Load in WAN metrics. 

2.1.2 Example 2

WLAN provides the Composite Available Capacity (0~100) of AP as suggested in [3]. One example for the Composite Available Capacity is calculated by assuming unified spectrum efficiency, e.g., 1bit/s. Besides, the unit of Composite Available Capacity should be fixed for all APs, e.g., 1Mbps for one unit. 
Assume the Composite Available Capacity provided by WLAN is 10, which means 10Mbps at the assumption of unified spectrum efficiency. Based on the table of Beacon RSSI to MCS to spectrum efficiency, RAN is able to estimate UE throughput in WLAN for each level of Beacon RSSI by considering spectrum efficiency and Composite Available Capacity. 
Besides, WLAN could also provide WAN metrics, which enable RAN to calculate the available backhaul rate to refine the estimated UE throughput in WLAN.
	Beacon RSSI 
	MCS
	Spectrum Efficiency

(bit/s)
	UE throughput in WLAN

(Mbps)

	RSSI1
	MCS1
	SE1 
	10 *SE1

	…
	…
	…
	

	RSSIN
	MCSN
	SEN
	10 *SEN


2.1.3 Example 3

UE average data rate in WLAN AP is considered as the average data rate of the already associated UEs in WLAN, not the data rate will be achieved by the offloading UE. However, given the same Beacon RSSI level at the same condition, UE average data rate in WLAN AP is a reference for throughput estimation of the offloading UE.

Proposal1: It is proposed RAN3 to evaluate the examples of UE throughput estimation in WLAN in section 2.1. 
2.2   Definition of the identified information
The WLAN identifiers, BSS load, and BSS Average Access Delay/BSS AC Access Delay, have already been defined in IEEE 802.11 [4]. And WAN metrics is defined in Hotspot 2.0 [5]. While UE average data rate in WLAN AP is not defined in either IEEE 802.11 or Hotspot 2.0, which will be defined later in Section 2.2. 3GPP should follow the definitions already existing in [4] and [5] when collecting these parameters from WLAN. Besides, the measurement period of these parameters have also been defined in [4] and [5], RAN needs to set the collecting period (i.e., exchanging period of WLAN) then same or larger than the measurement period of these parameters in WLAN. 
Proposal 2: RAN should follow the definition in [4] and [5] when collecting WLAN identifiers, BSS load, BSS Average Access Delay/BSS AC Access Delay and WAN metrics. The collecting/exchanging period should be the same or larger than the measurement period of these parameters in WLAN. 
2.3   Further clarification of the identified parameters
The parameters identified in last meeting could be categorized into two types. Type 1 parameter is relatively constant, e.g. WLAN identifiers, which only needs to be changed by event trigger. Type 2 parameters are frequently updated statistics, e.g., BSS load information, BSS Average Access Delay/BSS AC Access Delay, WLAN metrics, and UE average data rate in WLAN AP, which need to be exchanged frequently from WLAN to 3GPP nodes. According to Proposal 1, as the measurement period of these parameters may be small than the collecting period of 3GPP nodes (i.e., exchanging period of WLAN), WLAN should exchange the newly measured parameters to 3GPP nodes. 
In the following, the remaining issues are discussed, based on the assumption that there’s a direct interface between WLAN and 3GPP nodes.
· WLAN identifiers (e.g. SSID, BSSID, HESSID)

Granularity: per AP 
Collecting/Exchanging Period: WLAN identifiers should be exchanged by event trigger. BSSID will not change during the operating time. It needs to be exchanged from WLAN to 3GPP nodes only once when AP’s power on. Meanwhile, WLAN should inform 3GPP about the change of SSID and HESSID.  

· BSS Load

Description: The BSS Load element defined in [4] contains three metrics: station count, channel utilization, and the available admission control. 

Granularity: The BSS Load is defined as AP-specific in [4], thus the granularity of this parameter should be per AP.

Collecting/Exchanging period: BSS Load element is included optionally in Beacon. As defined in [4], Beacon frames shall be generated for transmission by the AP every dot11BeaconPeriod TUs (time unit), where TU equals 1024us. The BSS Load information will vary along with the Beacon frame change. BSS Load reflects the load in WLAN AP, which should be exchanged in the same periodicity as intra-3GPP load information exchange. In LTE, eNBs exchange LOAD INFORMATION in several seconds via X2 interface. In short, BSS Load exchange could be aligned with the measurement period of channel utilization, e.g., in several seconds. 
· BSS Average Access Delay / BSS AC(Access Category) Access Delay

Granularity: The BSS Average Access Delay is defined for both non-QoS AP and QoS AP, while BSS AC Access Delay is defined for QoS AP by distinguishing each Access Category. In specific, QoS AP is an AP supporting the QoS facility [4], and non-QoS AP is an AP that not supports the QoS facility. Hence BSS Average Access Delay is defined per AP, while BSS AC Access Delay is defined per Access Category per AP.
Collecting/Exchanging Period: As defined in [4], BSS Average Access Delay/BSS AC Access Delay are measured and averaged over a continuous 30s measurement window. That is, this parameter is available at any time. Considering traffic load variation of WLAN AP, this parameter could be exchanged frequently e.g. in several tens of milliseconds to seconds.  
· WAN Metrics

Granularity: As stated in [4], “The WAN Metrics element provides information about the WAN link connecting an IEEE 802.11 AN and the Internet”. That is, WAN metrics is defined as AP-specific, and the granularity of this parameter should be per AP. 
Collecting/Exchanging Period: As defined in [4], the measurement duration of WAN metrics is in tens of second. The collecting/exchange period of WAM Metrics should be aligned with the measurement duration of WAN metrics. 
· UE Average data rate in WLAN AP
Description: The UE average data rate in WLAN AP is not defined in IEEE specification at present. UE average data rate in WLAN AP should be first categorized into UE average data rate in non-QoS AP and UE average data rate in QoS AP. The definition is given in the following table:
	Definition
	UE average data rate in non-QoS AP: The measurement is performed per DL/UL per Beacon RSSI level per AP. For UEs with Beacon RSSI level k, DL UE average data rate in non-QoS AP may be calculated as total MPDU successfully sent out by the AP to these UEs dividing the UE numbers who have DL traffic and dividing the measurement period. This measurement is obtained by the following formula for a measurement period:
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Similarly for UEs with Beacon RSSI level k, UL UE average data rate in non-QoS AP may be calculated as total MPDU successfully got by the AP from these UEs dividing the UE numbers who have UL traffic and dividing the measurement period. 
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Explanations of the parameters can be found in the table 2.2 below.
UE average data rate in QoS AP is performed per DL/UL per Beacon RSSI level per AC per AP. For UEs with Beacon RSSI level k and within AC i, (DL/UL) UE average data rate in QoS AP may be calculated as total MPDU/AMPDU successfully sent out /got by the AP to/from these UEs dividing the UE numbers who have DL/UL traffic and dividing the measurement period. 


Table 2.1 definition of UE average data rate in WLAN AP
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 is the total MPDU/AMPDU in kbit successfully sent out by non-QoS AP to UEs with Beacon RSSI level k during measurement period. 
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 is the numbers of UEs with Beacon RSSI level k who have DL traffic during measurement period. 
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Table 2.2 explanations of the parameters in Table 2.1
Usage: The RAN may compare the UE average data rate of each AP with the throughput obtained in the serving cell to determine if the AP is a candidate for offloading. That is, RAN uses the statistics of the UEs associated to WLAN, to estimate WLAN throughput of the offloading UE assuming different levels of Beacon RSSI. Hence, this parameter does not require UE-associated signalling, i.e., no WLAN measurement report is needed for offloading UE.

Availability in the AP: available if certified by WFA.  
Granularity: For non-QoS AP, UE average data rate in non-QoS AP is defined per DL/UL per Beacon RSSI level per AP.  For QoS AP, UE average data rate in WLAN AP is defined per DL/UL per Beacon RSSI level per AC (Access category) per AP. 
Collecting/Exchanging Period: this parameter should be exchanged frequently e.g. in several tens of milliseconds to seconds. 
3   Conclusion / Proposals
We propose RAN3 to discuss the parameters mentioned in section2 and agree to the following proposals.

Proposal1: It is proposed RAN3 to evaluate the examples of UE throughput estimation in WLAN in section 2.1. 
Proposal2: RAN should follow the definition in [4] and [5] when collecting WLAN identifiers, BSS load, BSS Average Access Delay/BSS AC Access Delay and WAN metrics. The collecting period should be larger than the measurement period of these parameters in WLAN. 
Proposal2: It is proposed RAN3 to agree the clarified parameters in section 2.3, and capture the TP in section 5 into the TR.
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5   Text Proposal
/**************************Text Proposal Start***********************************/
5.1.2
Parameters exchanged from the WLAN to 3GPP nodes
	Parameter
	Description
	Usage
	Availability in the AP

	BSS Load
 (per AP)
	Provides information about current over-the-air traffic levels; it may be typically used for vendor-specific AP-selection algorithms. It has a “Channel Utilization” field, which indicates the amount of time that the AP senses the medium as busy. It is broadcasted by the AP.
	May be used to get an indication of expected data rate for the WiFi over-the-air connection, in order to make more accurate traffic steering decisions, including e.g. setting RAN thresholds for each UE.

	It is standardized in MIB in [17] and configurable in AP for over-the-air broadcasting according to implementation
 This parameter should be exchanged frequently in several seconds.

	UE Average data rate
 (for non-QoS AP, per DL/UL Beacon RSSI level per per AP

For QoS AP, per AC(Access Category) per per Beacon RSSI level DL/UL per AP)
	Average data rate (in uplink / downlink) for a UE associated to the AP, calculated by the AP (not standardized by IEEE, implementation-specific).
 It is further categorized into UE average data rate in non-QoS AP and UE average data rate in QoS AP.  For QoS AP, UE average data rate is calculated for each AC (Access Category).
	The RAN may compare the UE average data rate of each AP with the throughput obtained in the serving cell to determine if the AP is a candidate for offloading.  
	May not be available in the AP according to implementation.
 This parameter should be exchanged frequently in several tens of milliseconds to seconds..

	WLAN identifiers (e.g. SSID, BSSID, HESSID)
 (per AP)
	As defined in [18]
	The eNB should know which WLAN APs are around them in order to perform traffic steering and HO, including filtering the list which is broadcasted to UEs.
	

	BSS Average Access Delay / BSS AC Access Delay
(for non-QoS AP, per AP
For QoS AP, per AC(Access Category) per AP)
	As defined in [18]
	A long BSS Average Access Delay/BSS AC Access Delay indicates that an incoming UE might not achieve a high QoE in that AP.
	It is standardized in MIB in [17] and configurable in AP for over-the-air broadcasting.
 This parameter should be exchanged frequently in several tens of milliseconds to seconds..

	WAN Metrics
 (per AP)
	Provides information about the uplink/downlink WAN (backhaul) speed and load for the AP. Can be enquired from the AP by the UE. Vendor-specific metric defined in [17].


	The eNB will know the latest load status of the WLAN backhaul and could make more accurate traffic steering decisions, including e.g. setting RAN thresholds for each UE.
	It is standardized in MIB in [17] and configurable in AP for over-the-air broadcasting.
 This parameter should be exchanged frequently in tens of seconds level.


/**************************Text Proposal End***********************************/
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