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1. Introduction
RAN2 has agreed on three solutions for Access Network Selection and Traffic Steering, which have been captured in TR 37.834 [1]. The issue of how these solutions fulfil the requirements specified in TR 37.834 (section 5.2) has been discussed, and company opinions have been summarized in [2].  It was concluded that all solutions, to different degrees, satisfy the following performance requirements, which relate to performance improvement aspects of RAN level enhancements.  
1. Solutions should provide improved bi-directional load balancing between WLAN and 3GPP radio access networks in order to provide improved system capacity.  

2. Solutions should improve performance (WLAN interworking should not result in decreased but preferable in better user experience). 

3. Solutions should improve the utilization of WLAN when it is available and not congested.

4. Solutions should reduce or maintain battery consumption (e.g. due to WLAN scanning/discovery).

We note that Requirement 4 was de-prioritized during this study.  
In this contribution we further provide example quantitative results that are illustrative of how RAN level enhancements can indeed improve load balancing, user experience and WLAN utilization. Our focus is mostly on improvements feasible with solutions 1 or 2, as we want to show that improved performance can be achieved with simple assistance from the 3GPP RAN, without involving complex solutions. We propose that the quantitative results shown here be included in TR 37.834 to further support the conclusions on requirement fulfillment. Additionally, RAN2 should add specific text in the TR, which acknowledges the improvements observed through RAN level enhancements.  
This contribution is organized as follows.  Section 2 describes example scenarios where RAN based solutions can improve performance over existing solutions. Section 3 gives an overview of the deployment scenarios and simulation assumptions with further details being captured in the Appendix. Section 4 provides quantitative results showing illustrative performance improvements.  Final conclusions and proposal are summarized in Section 5. 
2. Performance advantages of RAN level enhancements for WLAN/3GPP interworking: Some examples  
Current network selection and traffic steering between WLAN and 3GPP networks is based on the UEs making network selection decisions subject to ANDSF policies specified by the ISMP and ISRP rules. While these policies specify traffic steering rules, they do not explicitly account for time varying radio link conditions, which can change dynamically for wireless links. It is, therefore, left to the UEs to take local radio link conditions into account while applying ANDSF policies for network selection. The UEs largely rely on local signal strength and interference measurements to make cell selection decisions. Additionally, the WLAN standard IEEE 802.11-2012 allows the AP to broadcast information related to various network-wide parameters (e.g. the load and utilization on the AP), which can further assist the UEs in assessing the quality of their WLAN link before making network selection decisions. Such WLAN related parameters are, therefore, being targeted for inclusion within ANDSF policies. However, on the 3GPP side, the current ANDSF policies defined do not take into account the 3GPP radio link and loading conditions. In addition, a UE is only able to assess the signal and interference characteristics of the 3GPP link and cannot assess the loading and congestion on the 3GPP link, which leads to some inefficiency in access network selection, if no further offload guidance is available from the RAN network. In the following, we give specific examples highlighting some such inefficiencies associated with current access network selection/traffic steering schemes.  

Access Network Selection based on Comparing Signal Strength 
If the UE makes network selection decisions based on comparing signal strength measurements between WLAN and 3GPP RATs, it may tend to pick the 3GPP RAT more often, as the maximum transmit power requirements allow for much lower transmit power on WLAN APs, when compared to 3GPP macro, as well as small cells. This may lead to severe underutilization of WLAN APs. Such a problem is also observed in 3GPP small cells networks, wherein there is significant difference in TX power levels between the macro and small cells, and cell-range extension mechanisms have to be used to steer traffic to small cells. While similar mechanisms may be applied to steer traffic to WLAN networks, the bias used to steer traffic is dependent on deployment scenarios and user distribution, requiring the RAN to play a role in determining the best signal-strength bias for cell-range extension. Alternately, RAN may also specify a RSRP threshold such that certain proportion of LTE users experiencing weak LTE connectivity are offloaded to WLAN provided WLAN is lightly loaded and provides sufficient coverage. Additional information from the RAN in the form of cell load or resources available to the UE may also be used by UEs to make better network selection decision. It should be noted that no such mechanisms exist for steering traffic to WLAN small cells in current systems. 
Access Network Selection Based on WLAN Coverage 
An alternative approach for WLAN network selection, commonly used by existing UE implementations is to always “prefer” a WLAN RAT as long as the UE is within coverage of the WLAN (sufficient signal strength is received).  This method can help with steering traffic to WLAN, especially if sufficient APs are deployed. It is particularly useful when 3GPP networks are heavily loaded or are capacity limited, as typically significantly more capacity is available across WLAN networks.  However, this approach may overload the WLAN network if too many users attach to a WLAN AP, or performance may degrade if uncoordinated WiFi interference impacts the overall WLAN capacity. Additionally, this approach is also poorly suited to load balancing across 3GPP and WLAN networks if more cellular capacity is deployed, for example, through 3GPP small cells. 
Access Network Selection Based on WLAN Quality of Service 

An alternative approach towards mitigating the short-comings of “WLAN-preferred” mechanisms is to utilize WLAN network assistance information (e.g. WLAN bss load, WLAN channel utilization, etc.) to estimate WLAN quality of service metrics, such as throughput, for network selection. For example, if the user can reliably predict the effective data rate on the WLAN link, it may set a minimum throughput target for network selection. Such targets, although not fully defined for current specifications, can allow the UEs to avoid WLAN APs that are heavily loaded or congested.  While this approach has the potential for addressing some shortcomings of “WLAN preferred” schemes, it may still result in sub-optimal user experience.  For example, while a UE may achieve a minimum level of QoS on the WLAN link, its QoS may be substantially improved if it selected a lightly loaded 3GPP RAT, rather than a fully loaded WLAN RAT. Ideally, the network operator should be able to utilize the full capacity across both the 3GPP as well as the WLAN networks deployed.     Such level of control and load balancing is not feasible, unless network assistance capturing the congestion or loading across the 3GPP network is made available to the users, in addition to the WLAN load-related information already available. In addition, RAN related thresholds, such as signal strength or load thresholds can be defined to trigger offload of UEs to WLAN networks, whenever the 3GPP network is congested or UEs experience poor link conditions. 
Controlling Stability of Access Network Selection 

Existing approaches also do little to control how and when UEs make their RAT selection decisions.  This could possibly lead to unstable behaviour generating overload and excessive signalling in the network.  This is especially true for schemes that rely on utilizing loading and congestion information in the network. For example, if WLAN QoS degrades due to presence of uncoordinated interference, UE using schemes based on estimating WLAN QoS could near simultaneously move to a different AP or RAT, causing ping-pong behaviour or mass switching in the network.  Hysteresis mechanisms are, therefore, required for controlling such behaviour.  In [3], we investigated how hysteresis can be used to improve stability and avoid ping-pong for UE-based RAT selection schemes.
3. Scenarios and schemes to illustrate performance benefits of RAN level enhancements for access network selection and traffic steering  
In this section, we specify details of the network selection schemes and the specific deployment scenarios used in our evaluation. In the following section, we will show performance results illustrating the inefficiencies highlighted in the previous section, and compare with an example RAN level enhancement scheme, which accounts for congestion and loading on both the 3GPP and the WLAN network. The example RAN level enhancement scheme we consider, estimates the achievable throughput on WLAN and 3GPP links and then picks the link that provides the maximum achievable throughput [4]. We choose this scheme for illustrative purposes for its potential ability to better load balance across the 3GPP and the WLAN networks. Details of this scheme and the alternative schemes mentioned in the previous section, which do not require RAN assistance, are detailed below. 
Conventional Access Network Selection Schemes (Not Based on RAN Assistance)
Max Received Signal Strength Based Scheme  

This policy compares the received signal power from the 3GPP and WLAN cells and selects the RAT with the maximum received signal power.  Ideal estimation is assumed in this contribution. 
Coverage Based WiFi-Preferred Scheme 
As discussed in [3], this scheme is based on 
· Selecting the WLAN link with the best rate predicted by the preferred MCS, if the best rate equals or exceeds WLAN link’s lowest supported data rate for transmission (e.g. BPSK, Rate ½). Otherwise choose the 3GPP link.
· The preferred MCS is determined by comparing the average of the measured SNR over a certain window with the SNR threshold required to achieve the target error rate of the lowest modulation and coding scheme. 
QoS Based WiFi-Preferred Scheme
This scheme is based on estimating WLAN rate accounting for congestion on the WLAN network 
· Select the WLAN link with the best rate predicted by access delay measurement, if the estimated rate exceeds WiFi link’s lowest supported data rate for transmission (e.g. 5 Mbps). Otherwise choose the 3GPP link.
· The WLAN rate is estimated based on ideal knowledge of access delay and accounts for congestion on the WiFi link. In practice, the UE may use the average access delay information broadcast by the WLAN AP [5] as a way of approximating such estimates.  
Access Network Selection Scheme Requiring 3GPP RAN Assistance
Max Achievable Throughput (Max-TP) Scheme 
· Select the network/RAT (Radio Access Technology) providing the highest estimated throughput. 
· Throughput is estimated by dividing the rate predicted by the preferred modulation and coding scheme (MCS) with the ‘actual loading’ (e.g. the number of users sharing the radio).  The preferred MCS is determined based on mapping the measured SNR/SINR to the best rate that meets that target error rate requirements. The load information is available from the WLAN link in the BSS_Load information element [5].  The throughput on the 3GPP link is estimated by using the “Resource Allocation” information broadcasted by the 3GPP link (see TR 37.834, section 6.1.1.1).  
· For comparison with the WiFi QoS scheme we also use an alternative means of estimating WLAN rate, which relies on knowledge of the WLAN access delay for each UE.  Ideal knowledge of this access delay is assumed in this contribution.  
The network selection based on Maximum Achievable Throughput scheme is likely to be susceptible to ping-pong behaviour given the dynamically varying load in the network.  Hence, it is used with suitable hysteresis mechanisms to control its dynamic behaviour.  While more sophisticated hysteresis mechanisms are feasible, we use a simple hysteresis scheme with following two steps to control the dynamic behaviour of the Max-TP Scheme. Further details are available in [3]. 
Hysteresis Mechanism for Max-TP scheme 
Apply a switching threshold for RAT selection: Switch to a new RAT only if
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 can be set to a high value to discourage excessive switching and can be adjusted based on the uncertainty in parameters affecting the reliability of throughput estimates. Typical threshold are set such that the new throughput is 2-3 times the current throughput.  
Hysteresis: Apply Randomization: At each decision instance evaluate the RAT selection criterion and if Condition 1 is met, then toss a fair coin to decide whether to switch. 
Deployment & Simulation Scenarios 
We focus on the Downlink performance and consider the following Het-Net deployment scenarios:
· Deployments with WiFi-only Small cells. Here an LTE macro cell network is deployed with WiFi-only small cells.

· Deployments with WiFi-LTE small cells.  Here an LTE macro cell network is deployed with both WiFi & LTE small cells. In this contribution WiFi and LTE cells are deployed as collocated cells to keep the number of small cells constant across the different deployment scenarios considered. However, no cooperation between WiFi and LTE cells is assumed.  
Standard 3GPP system evaluation methodology specified in 3GPP 36.814 and 36.819 is used for LTE as well as WiFi deployments. See Appendix for the detailed simulation parameters for both LTE and WiFi. An outdoor deployment with 1 or 4 small cells and 9 or 30 UEs/sector is assumed.  We show results for clustered user distribution, but our observations are similar for the uniform case as well. No cell range extension is assumed for deployments with WiFi-LTE small cells. The WiFi contention based MAC is explicitly modelled in the system level simulator.  Full-buffer traffic is modelled.  
In our simulations, the UEs are allowed to make network selection decisions every 20 radio frames (i.e., 200 milliseconds). Therefore, rate and throughput estimates are averaged for this period of time. The hysteresis threshold for the Max-TP scheme is set to 2x. Note that the simulations parameters are chosen for illustration. For practical systems additional restrictions may be placed on how frequently network selection decisions are made. 
4. Performance Results 
In this section we evaluate the performance of the Max Achievable Throughput scheme with hysteresis. Performance is compared across various schemes that do not require RAN assistance. The metrics used for comparison are:
· Throughput Performance Cell-edge and median user throughput as well as aggregate system throughput is compared. 
· The number of users mapped to each RAT.  This metric characterizes load balancing within the system.

Comparison with Signal Strength Based Schemes 

Table 1 compares the throughput performance of the conventional Max Received Signal Strength (Max RSSI) with the Max-TP scheme with hysteresis, which accounts for loading on both the WLAN and 3GPP networks.  Table 2 compares the proportion of users associated with macro-LTE cell, LTE-small cell or WLAN small cell (as mentioned, collocated WLAN/LTE small cell interfaces are assumed). As expected, the Max RSSI based scheme under utilizes the WLAN interface due to the difference in transmitter power levels on LTE and WLAN interfaces.  The Max-TP scheme significantly improves user throughput as well as utilization of both WLAN and LTE RATs.
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Table 1: Comparing throughput performance of Max Signal Strength with Max-TP scheme w/ Hysteresis.  Deployment scenario comprises 1 small cell (WLAN or WLAN + LTE) and 9 UEs per LTE macro-cell sector.  
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Table 2: Proportion of users associated with each cell type/RATs.  Deployment scenario comprises 1 small cell (WLAN or WLAN + LTE) and 9 UEs per LTE macro-cell sector.  

Comparison with Coverage Based WiFi Preferred Scheme 
Table 3 and 4 compare the performance of coverage based WiFi-preferred and Max-TP schemes with hysteresis.  Overall, the Max-TP scheme with hysteresis significantly improves throughput performance metrics beyond the simple WiFi-preferred scheme.  It is noted that for this example, WiFi offers good coverage so almost all users prefer to associate with WiFi, which significantly underutilizes the available LTE capacity. Hence better load balancing achieved with the Max-TP scheme provides improved performance. The performance gains are increased further for the case of Het-Net deployments with WiFi-LTE small cells, as here the offered LTE capacity is significantly higher.
[image: image6.png]WLAN Small Cells

5% users 0.73 1.33 (+82%)
50% users 3.06 4.68 (+53%)
3.51 4.88 (+39%)

Average rate

LTE +WLAN Small Cells

5% users 0.76 1.89 (+147%)

50% users 3.06 6.92 (+126%)

Average rate 3.5 7.35 (+110%)




Table 3: Comparing throughput performance of WiFi-preferred and Max TP schemes with hysteresis.  Deployment scenario comprises 1 small cell (WLAN or WLAN + LTE) and 9 UEs per LTE macro cell sector.
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Table 4: Proportion of users associated with each cell type/RATs.  Deployment scenario comprises 1 small cell (WLAN or WLAN + LTE) and 9 UEs per LTE macro-cell sector.  
Comparison with QoS Based WiFi Preferred Scheme 

Table 5 and 6 compare the performance of Max TP scheme with the WiFi preferred scheme, which accounts for WiFi QoS.  It can be seen that accounting for WiFi congestion allows for improved user performance for both WiFi QoS and Max-TP scheme (the LTE + WLAN scenario is shown for illustration).  However, Max-TP scheme is still able to improve performance beyond WiFi QoS scheme, as WiFi QoS scheme relies on accepting a  minimum QoS threshold,  thus still overloading  the WLAN AP, when the number of UEs accessing the network is high.
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Table 5: Comparing throughput performance of WiFi-QoS and Max TP schemes with hysteresis.  Deployment scenario comprises 1 small cell (WLAN + LTE) and 30 UEs per LTE macro cell sector.
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Table 6: Proportion of users associated with each cell type/RATs.  Deployment scenario comprises 1 small cell (WLAN + LTE) and 30 UEs per LTE macro cell sector.  
Controlling Stability of RAT Selection 
Figure 1 illustrates how hysteresis mechanisms such as using a selection threshold and randomization can control excessive switching by UEs in the system.  It can be seen that applying hysteresis to the Max-TP scheme can significantly reduce the number of switches per UE.    
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Figure 1: Comparing per UE switching behaviour of Max-TP scheme with and without hysteresis. Scenario considers 4 WLAN small cells 30 UEs/sector. 
5. Conclusions & Proposal 
In this contribution we presented several illustrative scenarios where RAN level enhancements for WiFi/LTE interworking can offer improved load balancing, user experience and WiFi utilization, over existing schemes. Quantitative simulation results were used to demonstrate such benefits for a few example scenraios. It was also shown that substantial gains may be obtained even with low-complexity UE-centric schemes, prescribed by the solution 1/2 categories. 

Based on the evaluations presented in this contribution we propose to add the following text to the conclusion section of TR 37.834 [1].  
Proposal 1: Add the following text to the Conclusion section of TR 37.834: 
“RAN2 study concluded that RAN level enhancements for WiFi/LTE Interworking has the potential to significantly improve load balancing between 3GPP and WLAN networks, improve user experience and improve WLAN utilization, thus addressing the performance requirements set forth for RAN level enhancements for WLAN/3GPP interworking solutions.” 
It is further proposed to include this conclusion as part of the liaison to SA/CT groups to be drafted by RAN2. 
Proposal 2: The liaison to SA2/CT groups should include the conclusion described in Proposal 1. 
Proposal 3: Capture the illustrative performance gains shown in this contribution in the TR.
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Appendix: Simulation Assumptions 
	LTE 

	Topology 
	1-4 small cells/sector, 9-30 UEs/sector , 7 cell wrap-around (Het-Net deployment w/ WiFi only and WiFi-LTE small cells) 

	RSRP bias, ABS  (for deployments w/ LTE small cells)
	None. 

	 UE dropping 
	Clustered 

	Channel/UE speed 
	[IMT] UMa Macro, UMi Pico, UE speed= 3 km/hr 

	LTE mode 
	Downlink FDD @ 10 MHz 

	No. antennas (macro, pico, UE) 
	(2, 2, 2) 

	Antenna configuration 
	macro, small cell: co-polarized, UE: co-polarized (||-->||) 

	Max rank per UE 
	2 (SU-MIMO) 

	UE channel estimation 
	Ideal 

	Feedback/control channel errors 
	No Error 

	Scheduler 
	Proportional-Fair Scheduler for both WiFi and LTE 

	Scheduling granularity 
	5 PRBs 

	Traffic load 
	Full buffer for both WiFi & LTE 

	Receiver type 
	Interference unaware MMSE 

	Feedback periodicity 
	10ms 

	CQI & PMI feedback granularity  in frequency 
	5 PRBs 

	PMI feedback 
	3GPP Rel.-10 LTE codebook (per sub-band) 

	Outer loop for target FER control 
	10% PER for 1st transmission 

	Link adaptation 
	MCSs based on LTE transport Format 

	HARQ scheme 
	CC 

	WiFi 

	WiFi Parameters 
	802.11g, Same network. Same deployment as LTE 

	WiFi Frequency 
	2.4 GHz band 

	AP Transmit power 
	20 dBm

	WiFi mode 
	Downlink only.

	WiFi Channel 
	20 MHz 

	Number of frequency bands 
	3 

	MPDU Size 
	1500 Bytes 
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