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1   Introduction

The TR 37.870 [1] has so far concluded that the 3GPP-WLAN interworking enhancements solution based on a 3GPP-WLAN direct interface “would allow an exchange of parameters between WLAN and 3GPP which are currently not provided by the UE. This can assist the eNB with information on WLAN available capacity in order to take better decisions in terms of 3GPP-WLAN traffic steering.” The parameters considered in [1] for exchange from the WLAN to the eNB/RNC for the purpose of WLAN-3GPP RAT coordination comprise, among others, WLAN load information in terms of BSS Load, i.e. Channel Utilization, and / or in terms of Composite Available Capacity (CAC), i.e. amount of available resources in the WLAN node with respect to the total resources on a 0-100 scale, cf. [1], [2]. Furthermore direct UE Throughput/Data rate is considered for the exchange as well.
This contribution discusses the results obtained in the LTE-WLAN Traffic Steering (TS) SON study as part of the SEMAFOUR project [3]. The results can be used to understand the benefits of certain information exchange to enable more efficient offloading decisions by the eNB/RNC.
2   
Discussion
The LTE-WLAN TS SON scheme studied within SEMAFOUR [3] builds upon the Release 12 RAN assisted WLAN radio interworking. That is, the eNB adjusts the Wi-Fi Received Signal Strength Indication (RSSI) Threshold (ThreshBeaconRSSIWLAN, High, cf. TS 36.304 [4]) in a dynamic and per cell fashion. At connection setup, the UE selects the Wi-Fi access if the measured RSSI is above the RSSI Threshold. Otherwise the LTE access is selected. Further details on the investigated TS schemes are reported in [5].
In the following the performance of the TS scheme is compared when the WLAN load information assumed available at the eNB is as follows: 
a)
No WLAN load information available: This case is referred to as LTE-WLAN TS with No WLAN Load. The threshold adjustment is performed based on the local information available at the eNB only; 

b)
BSS Load available: This case is referred to as LTE-WLAN TS with BSS Load. The threshold adjustment is performed based on the local information available at the eNB and on a per-second basis periodic reporting of BSS Load, i.e. channel utilization. The channel is considered as busy if either the AP or a UE is transmitting; 
c)
WLAN CAC available: This case is referred to as LTE-WLAN TS with WLAN CAC. The threshold adjustment is performed based on the local information available at the eNB and on a per-second basis periodic reporting of WLAN CAC. The definition of the CAC metric per AP assumed in the study is based on the estimated air time required to provide the UEs active on the AP with a certain throughput requirement as follows:


[image: image1.emf]𝐶𝐴𝐶 = ൬ 1 −   ෍ Required   Throughput 𝑖 Datarate 𝑖 𝑁 𝑖 = 1 ൰ ∙ 100 , where  


i = User index,
N = Number of users active in the AP,
Required Throughput = Minimum required throughput by a UE, 4 Mbps in this study,
Datarate = The achievable data rate by the UE in the current time interval assuming it would be served with all available resources.

An LTE/WLAN system level simulator operating in a realistic environment is used for the analysis. Details of the simulator implementation can be found in [6]. Figure 1 shows the realistic Outdoor Hot Zone deployment scenario and the stationary users whose locations are selected to cover high traffic density areas according to the traffic intensity map. The deployment includes 28 co-sited outdoor LTE micros and WLAN Access Points (APs) in addition to 4 LTE macro sites. Omni-directional antennas of the co-sited micro/APs are installed on lampposts at 5 m height. User traffic is generated by User Datagram Protocol (UDP), i.e., file downloading with a deterministic call size of 5 MB. Poisson distributed calls arrive with λ = 8-16 calls/s in the simulated area of 1.2 x 1.2 km2. Note that 8 and 16 calls/s correspond to low and high offered load scenarios respectively. 
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Figure 1: Outdoor hot zone scenario: network deployment layout and user locations.

The average and 10th percentile user session throughput is illustrated in Figure 2 for the simulated offered load range.
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Figure 2: Average and 10th percentile session throughput at different user arrival rates with and without information exchange between LTE and Wi-Fi.

Considerable gains in average and 10th percentile user throughput are observed under any offered load level when assuming that WLAN load information is available. Compared to the case with no WLAN load information, the average throughput gain when assuming the reporting of BSS Load is 10% to 20% and the 10th percentile throughput gain is 50% to 150%. Similarly, when assuming the reporting of WLAN CAC the average throughput gain is 15% to 25% and 10th percentile throughput gain is 90% to 170%. 
The CAC metric seems superior to the BSS Load metric at lower offered load levels. This is because even in the case when a single greedy user is being served by an AP, the BSS Load metric will indicate that the channel utilization reaches the level of 100% and ignore the level of satisfaction which could be achieved by further users connecting to the same AP. On the contrary, at higher load levels, the defined CAC metric over-estimates the available resources. I.e. the per-UE estimated air time fraction does not account for e.g. backoff/collision which occurs when multiple users are served simultaneously. Improvements of the CAC definition could be envisioned to overcome this limitation
.
Observation 1: Steering users between LTE and WLAN without the knowledge of the WLAN load information leads to considerable degradation in user throughput.

Observation 2: Reporting of WLAN load information metrics should be executed via the WLAN - 3GPP RAN interface in order for the RAN to make more efficient offloading decisions resulting in significant user performance improvements.

3   Conclusions and proposal
In Section 2 above the analysis carried out as part of the SEMAFOUR project has been presented. It quantified how reporting of WLAN load information metrics at the 3GPP RAN would improve 3GPP-WLAN traffic steering performance.

Proposal: Capture the Text Proposal of Section 5 in the TR [1].
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NEXT CHANGE

5.1.x
Benefits of parameter exchanges from WLAN to 3GPP

The LTE-WLAN TS SON scheme studied within SEMAFOUR [xx] builds upon the Release 12 RAN assisted WLAN radio interworking. That is, the eNB adjusts the Wi-Fi Received Signal Strength Indication (RSSI) Threshold (ThreshBeaconRSSIWLAN, High, cf. TS 36.304 [9]) in a dynamic and per cell fashion. At connection setup, the UE selects the Wi-Fi access if the measured RSSI is above the RSSI Threshold. Otherwise the LTE access is selected. Further details on the investigated TS schemes are reported in [yy].

In the following the performance of the TS scheme is compared when the WLAN load information assumed available at the eNB is as follows: 

a)
No WLAN load information available: This case is referred to as LTE-WLAN TS with No WLAN Load. The threshold adjustment is performed based on the local information available at the eNB only; 

b)
BSS Load available: This case is referred to as LTE-WLAN TS with BSS Load. The threshold adjustment is performed based on the local information available at the eNB and on a per-second basis periodic reporting of BSS Load, i.e. channel utilization. The channel is considered as busy if either the AP or a UE is transmitting; 
c)
WLAN CAC available: This case is referred to as LTE-WLAN TS with WLAN CAC. The threshold adjustment is performed based on the local information available at the eNB and on a per-second basis periodic reporting of WLAN CAC. The definition of the CAC metric per AP assumed in the study is based on the estimated air time required to provide the UEs active on the AP with a certain throughput requirement as follows:
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i = User index,
N = Number of users active in the AP,

Required Throughput = Minimum required throughput by a UE, 4 Mbps in this study,

Datarate = The achievable data rate by the UE in the current time interval assuming it would be served with all available resources.

An LTE/WLAN system level simulator operating in a realistic environment is used for the analysis. Details of the simulator implementation can be found in [zz]. Figure 1 shows the realistic Outdoor Hot Zone deployment scenario and the stationary users whose locations are selected to cover high traffic density areas according to the traffic intensity map. The deployment includes 28 co-sited outdoor LTE micros and WLAN Access Points (APs) in addition to 4 LTE macro sites. Omni-directional antennas of the co-sited micro/APs are installed on lampposts at 5 m height. User traffic is generated by User Datagram Protocol (UDP), i.e., file downloading with a deterministic call size of 5 MB. Poisson distributed calls arrive with λ = 8-16 calls/s in the simulated area of 1.2 x 1.2 km2. Note that 8 and 16 calls/s correspond to low and high offered load scenarios respectively. 
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Figure 5.1.x-1: Outdoor hot zone scenario: network deployment layout and user locations.

The average and 10th percentile user session throughput is illustrated in Figure 2 for the simulated offered load range.
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Figure 5.1.x-2: Average and 10th percentile session throughput at different user arrival rates with and without information exchange between LTE and Wi-Fi.

Considerable gains in average and 10th percentile user throughput are observed under any offered load level when assuming that WLAN load information is available. Compared to the case with no WLAN load information, the average throughput gain when assuming the reporting of BSS Load is 10% to 20% and the 10th percentile throughput gain is 50% to 150%. Similarly, when assuming the reporting of WLAN CAC the average throughput gain is 15% to 25% and 10th percentile throughput gain is 90% to 170%. 

The CAC metric seems superior to the BSS Load metric at lower offered load levels. This is because even in the case when a single greedy user is being served by an AP, the BSS Load metric will indicate that the channel utilization reaches the level of 100% and ignore the level of satisfaction which could be achieved by further users connecting to the same AP. On the contrary, at higher load levels, the defined CAC metric over-estimates the available resources. I.e. the per-UE estimated air time fraction does not account for e.g. backoff/collision which occurs when multiple users are served simultaneously. Improvements of the CAC definition could be envisioned to overcome this limitation
.

It can be observed that steering users between 3GPP and WLAN without the knowledge of the WLAN load information leads to considerable degradation in user throughput.

Therefore reporting of WLAN load information metrics should be executed via the WLAN - 3GPP RAN interface in order for the 3GPP RAN to make more efficient offloading decisions resulting in significant user performance improvements.
NEXT CHANGE

6.1
Coordination Involving 3GPP\WLAN 

RAN3 has discussed the issue of 3GPP-WLAN interworking enhancements. The solution based on a 3GPP-WLAN direct interface has been presented in section 5.1.2.3. Such solution would allow an exchange of parameters between WLAN and 3GPP which are currently not provided by the UE. As analyzed in subclause 5.1.x, this assists the eNB with information on WLAN available capacity and enables it to take better decisions in terms of 3GPP-WLAN traffic steering. Further specification work for this interface may involve liaising the appropriate Standard Developing Organizations.
END OF TEXT PROPOSAL
 �	LTE Macro


�	LTE Micro & WLAN


 �	User location


 Deployment:


LTE macro layer: 20MHz@1.8GHz,�2x2MIMO, 46dBm;


LTE micro layer: 20MHz@1.8GHz,�2x2MIMO, 33dBm;


6dB range extension


WLAN 802.11n: 20MHz@2.4GHz,�2x2MIMO, 20dBm 
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