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1   Introduction
In RAN3 #84 meeting, an additional requirement of 3GPP&WLAN coordination focusing on non-collocated 3GPP/WLAN nodes was agreed [1]. It was also agreed to investigate the necessary information exchange between 3GPP and WLAN to estimate UE throughput in WLAN [2]. 
This contribution lists the necessary information and gives an example of how to use the information for the estimation.
2   Discussion
WLAN is designed as a wireless access network with contention based access. There is no guarantee of QoS. Currently, there is no information in RAN to help predict the candidate UE throughput experienced in the selected WLAN AP after steering from cellular to WLAN. The candidate UE may face throughput degradation after accessing the WLAN AP.

2.1   Influencing factors of WLAN throughput

Generally, the throughput of a candidate UE in a WLAN AP will be influenced by many factors, such as channel utilization, station count, BSS Average Access Delay/BSS AC Access Delay, the RCPI/RSNI of the UE, and the available backhaul capability etc. In the following, we analyse how these metrics influence UE throughput in WLAN. 

· WLAN AP Identifier 
Description: In [4], the possible identifiers of a WLAN AP and their meaning are defined in [4].

Usage:  The identifiers of a WLAN AP, e.g. WLAN AP SSID/BSSID/HESSID, are needed to exchange anyway to differentiate information among APs in RAN.
· Physical protocol version

Description: This information describes the protocols that a WLAN AP supports, e.g. 802.11a, 802.11b, 802.11c, 802.11n, etc. This information indicates the maximum throughput that a WLAN AP can achieve and if MIMO streams are allowed or not. E.g. 802.11a supports max 54Mbps, however 802.11n supports max 600Mbps with 40M channel bandwidth and 4*4MIMO.
Usage: The physical protocol version of WLAN APs may enable RAN to consider the APs capability during UE throughput estimation.
· Operating frequency band and channel  IDs
Description: The operating frequency band may be 2.4GHz/5GHz. The channel IDs are the operating channels of each AP. 
Usage: The operating channel numbers and their bandwidths of an AP may influence the UE throughput significantly. e.g., The more channels the AP works on, the high throughput the incoming UE may achieve.
· BSS load
Description:  The BSS load element defined in [4] contains three metrics: station count, channel utilization, and the available admission control. The three metrics are defined as following in [4].

The STA Count field is interpreted as an unsigned integer that indicates the total number of STAs currently associated with this BSS.
The Channel Utilization field is defined as the percentage of time, linearly scaled with 255 representing

100%, that the AP sensed the medium was busy, as indicated by either the physical or virtual carrier sense

(CS) mechanism. When more than one channel is in use for the BSS, the Channel Utilization field value is

calculated only for the primary channel. The computed formula is also available in [4].

The Available Admission Capacity field is 2 octets long and contains an unsigned integer that specifies the

remaining amount of medium time available via explicit admission control, in units of 32 μs/s. The field is

helpful for roaming STAs to select an AP that is likely to accept future admission control requests, but it

does not represent an assurance that the HC admits these requests.

Usage: The STA(UE) count may relate to the contention probability with other UEs when a UE sends data in a WLAN AP. The channel utilization reflects the AP load. Higher channel utilization indicates higher load of a AP and low expected WLAN throughput for a incoming UE. 
· BSS Average Access Delay/ BSS AC Access Delay
Description: The definitions of BSS Average Access Delay and BSS AC Access Delay in [4] are cited in following.

The BSS Average Access Delay element contains the AP Average Access Delay, which is a measure of load

in the BSS and is available in both QoS APs and non-QoS APs.

The AP Average Access Delay is a scalar indication of the relative level of loading at an AP. A low value

indicates more available capacity than a higher value. If the AP is not currently transmitting any DCF or

EDCAF traffic, the AP Average Access Delay is set to 255. The values between 1 and 252 are a scaled

representation of the average medium access delay for DCF(need the full name) or EDCAF transmitted frames measured from

the time the DCF or EDCAF MPDU is ready for transmission (i.e., begins CSMA/CA access) until the

actual frame transmission start time. Non-QoS APs average the access delays for all DCF transmitted

frames. QoS APs average the access delays for all EDCA transmitted frames of all ACs.
The AC Access Delay is a scalar indication of the average access delay at a QoS AP for services for each of the indicated Access Categories. If the QoS AP is not currently transmitting any traffic using the indicated AC, the Average Access Delay for that AC is set to 255. The values between 1 and 252 are a scaled representation of the average medium access delay for transmitted frames in the indicated AC measured from the time the EDCA MPDU is ready for transmission (i.e., begins CSMA/CA access) until the actual frame transmission start time.
Usage: The longer BSS Average Access Delay/BSS AC Access Delay indicates that the incoming UE could not achieve high throughput in that WLAN AP.
· RCPI/RSNI

Description: The RCPI (Received Channel Power Indicator) and RSNI (Received Signal Noise Indicator) are defined in [4], as following.
The RCPI indicator is a measure of the received RF power in the selected channel for a received frame. This parameter shall be a measure by the PHY sublayer of the received RF power in the channel measured over the entire received frame or by other equivalent means that meet the specified accuracy. RCPI shall be a monotonically increasing, logarithmic function of the received power level defined in dBm.
RSNI is in steps of 0.5 dB. RSNI is calculated by the ratio of the received signal power (RCPI-ANPI) to the

noise plus interference power (ANPI) using the expression: 

RSNI = (10 × log10((RCPIpower – ANPIpower) / ANPIpower)+10) × 2.

where RCPIpower and ANP power indicate power domain values for RCPI and ANPI and not dB domain

values. RSNI in dB is scaled in steps of 0.5 dB to obtain 8-bit RSNI values, which cover the range from

–10 dB to +117 dB.

Usage: The RAN may need to collect RCPI/RSNI of associated UEs to build the relationship between RCPI/RSNI and the average data rate in APs. Then the RAN may use this to determine the RCPI/RSNI threshold in RAN rules according to UE expected data rate.
· WAN metrics
Description: WAN metrics defined in [5] includes the Downlink/Uplink speed and the Downlink/Uplink load, as following:

The Downlink Speed is a 4-octet positive integer whose value is an estimate of the WAN Backhaul link current downlink speed in kilobits per second.  For backhaul links that do not vary in speed or those for which no accurate estimation can be made, this attribute contains the nominal speed.
The Uplink Speed is a 4-octet positive integer whose value is an estimate of the WAN Backhaul link's current uplink speed in kilobits per second.  For backhaul links that do not vary in speed or those for which no accurate estimation can be made, this attribute contains the nominal speed.

The Downlink Load is a 1-octet positive integer representing the current percentage loading of the downlink WAN connection, scaled linearly with 255 representing 100%, as measured over an interval the duration of which is reported in Load Measurement Duration.
The Uplink Load is a 1-octet positive integer representing the current percentage loading of the uplink WAN connection, scaled linearly with 255 representing 100%, as measured over an interval the duration of which is reported in Load Measurement Duration.

Besides, it is noted in [5] that the backhaul available downlink bandwidth can be calculated as the Downlink Speed * (1 – Downlink Load/255).  And the backhaul available uplink bandwidth is defined similarly.

Usage: The current backhaul speed/load or available bandwidth may limit the expected throughput for a new coming UE.
· UE average data rate in WLAN APs
Description: The UE average data rate in WLAN APs may calculate on downlink and uplink separately.  For downlink, the UE average data rate in an AP may calculate as total data successfully sent out by the AP dividing the UE numbers and dividing the monitoring time. The calculation of uplink average data rate is similar.  Besides, this metric may be calculated in different RCPI/RSNI level and in different ACs for QoS APs.
The AP divides reported RCPI/RSNI into several levels. For STAs belong to the same level of RCPI/RSNI, the AP calculates the average data rate separately.
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. This metric may be collected correlated with the RCPI/RSNI. 
Note that the above WLAN metrics are not exhausted and can be extended if needed.
2.2   An Example of UE Throughput Estimation in a WLAN AP
The general estimation steps may be as follows:
Step 1: check AP’s availability in RAN
· Calculate backhaul available downlink/uplink bandwidth. 
· Check if backhaul available downlink/uplink bandwidth satisfies UE’s target data rate. E.g., for GBR traffic, target data rate is guaranteed bit rate of downlink/uplink; for non-GBR traffic, target data rate may be UE’s history downlink/uplink data rate in cellular. 
· If yes, RAN may further check if available admission capacity in BSS Load satisfies UE’s target data rate. Besides, if UE’s traffic is delay sensitive, RAN may check if the BSS Average Access Delay is smaller than the tolerable transmission delay.

Step2: estimating UE throughput in each WLAN AP
One simple way for RAN estimating UE throughput in each AP is table look-up. E.g., RAN node maintains an internal look-up table [6] of WLAN average data rate and the corresponding WLAN metrics through info exchange between RAN and WLAN. 
3   Conclusion / Proposals
We propose RAN3 to discuss the WLAN metrics mentioned in section 2.1 and agree to the following proposals.
Proposal 1: It is proposed RAN3 to agree the WLAN metrics in section 2.1 are helpful for UE throughput estimation and capture the TP in section 5 into the TR
4   Reference

 [1]

R3-141460, TP to add requirement for 3GPP/WLAN interworking, CATT,
 [2]

R3-141458, TP for Use cases for 3GPP-WLAN Interworking, Huawei, CMCC, China Unicom, NSN,
[3]

R2-142915, Idle mode procedures of WLAN/3GPP Radio Interworking for LTE, Intel Corporation.

 [4] 
IEEE Std 802.11TM-2012, IEEE Standard for Information technology-Telecommunications and information exchange between systems-Local and metropolitan area network,
[5]
Wi-Fi Alliance® Technical Committee, Hotspot 2.0 Technical Task Group Hotspot 2.0 (Release 2) Technical Specification Version 3.11

 REF VerNo \* MERGEFORMAT 3.11,

[6]

R3-141402, Use cases for 3GPP-WLAN Interworking, Huawei, China Telecom,
5   Text Proposal
/**************************Text Proposal Start***********************************/

6.1
 Estimation of UE throughput in WLAN
6.1.1
Descriptions

To address the use case of estimation of UE throughput in WLAN, it is beneficial to investigate which information (if any) is helpful to be exchanged between 3GPP and WLAN. 
6.1.2
Solutions

The following information is helpful in estimation of UE throughput in WLAN.

· WLAN AP Identifier 

The identifiers of a WLAN AP, e.g. WLAN AP SSID/BSSID/HESSID, are needed to exchange anyway to differentiate information among APs in RAN.

· Physical protocol version

The physical protocol version of WLAN APs may enable RAN to consider the APs capability during UE throughput estimation.

· Operating frequency band and channel  IDs
The operating channel numbers and their bandwidths of an AP may influence the UE throughput significantly. e.g., The more channels the AP works on, the high throughput the incoming UE may achieve.

· BSS load
The STA count may relate to the contention probability with other UEs when a UE sends data in a WLAN AP. The channel utilization reflects the AP load. A higher channel utilization indicates higher load of a AP and low expected WLAN throughput for a incoming UE. 

· BSS Average Access Delay/ BSS AC Access Delay

The longer BSS Average Access Delay/BSS AC Access Delay indicates that the incoming UE could not achieve high throughput in that WLAN AP.

· WAN metrics
The current backhaul speed/load or available bandwidth may limit the expected throughput for a new coming UE.

· RCPI/RSNI

The RAN may need to collect RCPI/RSNI of associated UEs to build the relationship between RCPI/RSNI and the average data rate in APs. Then the RAN may use this to determine the RCPI/RSNI threshold in RAN rules according to UE expected data rate.

· UE average data rate in WLAN APs
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. This metric is collected correlated with the RCPI/RSNI.
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