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1
Introduction
R2-140842 [1] captures the agreements made at the last RAN2 meeting regarding the RAN assistance parameters that are to be used for offloading and onloading decisions. The RAN assistance parameters refer to signal and quality parameters of the 3GPP and WLAN system: RSRP, RSRQ, CPICH RSCP, CPICH Ec/Io, BSSLoad and DL/UL BackhaulRate. 

The main purpose of the interworking would be to achieve controllable offload between the two networks in order to improve UE QoS. However, in the case of an LTE network, the use of RSRP may prove to be not enough. As the offload percentage is directly linked to the WLAN availability, it is easy to understand the following aspects: 

· using an RSRP threshold is good for offloading cell edge users but not centre cell users
· if the  WLAN is only located in the cell centre, the  RSRP threshold value would need to be set to some absurd value (like infinity) in order to give UEs a chance to offload
· if WLAN is both located in cell edge and cell centre, the absurd setting mentioned above will offloaded all users with no control, while a more reasonable value will only offload some of them leaving some WLAN APs (located more in the centre of the cell) underused.
· the optimal setting for the RSRP threshold (in terms of achieving a certain offload percentage) may vary from cell to cell and over time and may be rather different for different deployment scenarios
These considerations are further supported by the simulation results presented in the next section. Based on the results, we propose that  additional parameters be defined for 3GPP –WLAN radio interworking, in order to better control the offload percentage across various deployment scenarios.

In the next section, we present system simulation results for LTE-WLAN radio interworking in a couple of example scenarios. In these initial simulation results we study how UE RSRP measurements and RSRP thresholds and criteria can be utilised in 3GPP –WLAN radio interworking and RAN assistance and RAN rules. Based on the finding of these simulation results we also make proposals for the further work and related mechanisms and parameters for 3GPP – WLAN Radio interworking.
2
Simulations
We have studied LTE-WLAN radio interworking and especially offloading decision criteria using fully dynamic system simulator, which includes LTE and WLAN. Two scenarios were investigated:
· Scenario 1:  LTE cell has the same coverage area as the combined coverage area of WLAN APs  
· Scenario 2: LTE macro cell has significantly large coverage area that the combined coverage are of WLAN APsThis scenario also contains couple of different sub-scenarios where the location of WLAN APs is varied relative to LTE macro cell.

In the simulations, we have explicitely modelled LTE UE RSRP measurements (including measurement sampling etc over the given measurement period) but no UE measurement errors due to measurement inaccuracies caused by UE implementation imperfections (especially from UE RF in case absolute RSRP level measurements) are added to the measurements. So in real situations UE RSRP measurements are degraded due to these UE implementation imperfections, for which UE requiremetns are defined in the RAN4 specification TS36.133. 
The offloading decisions are made either using RSPR based thresholds or by randoming choosing certain percentage of the UEs to be offloaded to WLAN. This random selection case is mainly used here as a reference case. In these simulations UE movement in disabled and the UE does radio access technology selection (LTE or WLAN) for its traffic flow only once, at the beginning of the calls and stay on the selected technology during the entire call. When also mobility is enabled for the UEs, additional  hysteresis (time and/or dB domain) should also be added to the offloading decisions in order to  avoid ping-pongs between the two technologies.  

In case of RSRP based rule the UE does technology selection based on its measured RSRP of the best LTE eNB
· If RSRP is above a threshold ( LTE
· If RSRP is below a threshold ( WLAN
In case of randon technology selection the UE does selection based on a weighted coin toss.  The following probabilities are used in the simulations;
· Random weights: WLAN selection probabilities =[75, 50, 25] %
The detailed simulation assumptions are provided in the Annex of this contribution. 
2.1
Simulation Scenario 1
In the first simulation scenario we have simulated a dual stripe scenario with an outdoor mobility area around two buildings both containing 20 rooms. In this scenario there is one LTE cell and 10 WLAN AP covering the same building as shown in Figure 1.
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Figure 1: Simulation Scenario1

In Figure 2 we illustrate how UEs are distributed over the whole simulation  area and how the RSRP based vs. random (weighted) selection method  impacts which UEs are connected to LTE and which ones to WLAN. In Figure 2, UEs connected to LTE are marked in red and UEs connected to WLAN are marked in blue.
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Figure 2: Simulation Results for number of users per technology in Scenario1 (LTE red, WLAN blue); RSRP threshold: -80 dBm, Random selection probabilities: 75 % WLAN, 25 % LTE 
In Figure 3 we present the simulation results for the average number of users connected to LTE and WLAN with different RSRP thresholds from -70 dBm to -95 dBm and different offloading percentages of [75% WLAN/25%  LTE, 50% WLAN/50% LTE, 25% WLAN/75% LTE]  in case of random selection for different total offered loads ranging from 80 Mbps (the first bar) to 720 Mbps (the last bar).  From these results we can see that in this scenario, where all the UEs are both within LTE and WLAN coverage, we can tune the RSRP threshold  so that we can obtain the desired amount of UEs being connected to LTE and WLAN ,i.e. a offloading percentage. 
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RSRP based offloading
	[image: image5.png]350

300

250

200

150

100

50

I:I WLAN
LTE

H.HHmH .|I|“

\ 75%W/25%L

80 Mbps

| 50%W/50%L

720 Mbps T ota) offered load [Mbps]

25%W/75%L




Randon selection of UEs for offloading


Figure 3: Simulation Results for number of users per technology for different total offered loads (from 80 Mbps to 720 Mbps) in Scenario1 
Of course , in real situations the UEs’s technology selection cannot be controlled as precisely  as in this given scenario e.g. due to practical UE measurement, uncertainties for RSRP measurements as well as true mobility for the UEs. However, we expect that in this scenario even with practical UE measurement inaccuracies it is possible to tune RSRP threshold so that certain offloading percentage is obtained especially as UE measurement inaccuracies are likely to impact both direction of technology selection and hysteresis ensure that ping-pongs are avoided. Just the locations of the UEs connected to LTE and WLAN vary somewhat more than e.g. shown in Figure 2. Therefore, in practical scenarios, the measured RSRP should not be used as directed indication of UE’s location in LTE cell but rather, with help of  SON mechanism, the RSRP threshold should be tuned in automated manner to obtain desired offloading percentage e.g. for load balancing purposes. 
Based on our simulation results in the Scenario 1 and in order to cope with mobility we would like to make the following recommendation for the futher work on 3GPP-WLAN radio interworking specification. 

Recommendation 1: Network SON mechanism is utilized in automating to find suitable RSRP thresholds for 3GPP - WLAN offloading decisions in different 3GPP – WLAN deployment scenarios and with different offloading needs. We suggest that RAN2 informs RAN3 about its finding on SON for 3GPP –WLAN Radio interworking purposes. 

2.2
Simulation Scenario 2
In the second simulation scenario, which is illustrated in Figure 4, we have simulated one LTE macro cell inside which there is a dual stripe sub-scenario containing again an outdoor mobility area around two buildings both containing 20 rooms. The location of the building inside LTE macro is varied in the simulations in order to investigate RSRP threshold setting further.  The dual stripe building cluster distance   from LTE eNB is either 20 or 180 m. 

Also in this scenario all the UEs are generated inside the office building, which ensures that all the simulated UEs are both within LTE and WLAN coverage area. In further work also less controlled situations, where the UEs may move and be outside the office building and therefore outside WLAN coverage are should be simulated. 
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Figure 4: Simulation Scenario2 (with two separate simulation cases)
In Figure 5 we compare the number of UEs connected to LTE and WLAN with different RSRP thresholds in these cases; 20 m and 180 m distances of the Scenario 2 for different offered load levels. These results show clearly that suitable RSRP threshold is highly dependent on scenario, cell sizes etc and especially if WLAN coverage area does not fully cover LTE coverage area. For instance – 85 dBm RSRP threshold, which seemed one of the rather reasonable RSRP thresholds in the Scenario 1, is very suitable for this Scenario 2 as all the UEs in the 20 m distance case get connected to LTE and in the 180 m distance case to WLAN. So finding optimal or even suitable RSRP thresholds for scenarios with concentrated hot spot WLAN access points in LTE macro cell offloading may be rather difficult or even sometimes impossible even when using SON mechanism for automated RSRP threshold setting. Therefore, we see that for some of the scenarios we would also need some other parameter than RSPR or RSRQ for offloading some of the UEs to WLAN. OPI is already considered for 3GPP-WLAN radio interworking with ANDSF but we see that some additional indicator should also be defined for the case without ANDSF as well.
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Figure 5: Simulation Results for number of users per technology in Scenario2 for different total offered loads ranging from 40 Mbps to 360Mbps using RSRP thresholds for offloading decisions 
In Figure 6 we also present simulation results for number of users per technology (LTE and WLAN) in Scenario2  using randon selections of UEs to be offloaded to WLAN to obtain desired  load balancing (i.e. number of UEs to be connected to LTE and WLAN) for different offered load levels. These results show that even in the Scenario 2 and with two different locations for the office building we are able to distribute UEs and traffic between LTE and WLAN to obtain desired load balancing level. 
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Randon selection of UEs for offloading (20 m case)
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Randon selection of UEs for offloading (180 m case)


Figure 6: Simulation Results for number of users per technology in Scenario2 for different total offered loads using randon selections of UEs for offloading to obtained desired WLAN offloading percentage.

Based on our simulation results in the Scenario 2 with two different locations for the building where WLAN APs are located, we  propose the following for the futher work on 3GPP-WLAN radio interworking specification .
Proposal 1: As in certain deployment scenarios shown in our simulations, RSRP based thresholds may be rather difficult to set so that a desired offloading percentage from 3GPP to WLAN is achieved, we propose that also other parameter in addition to 3GPP Radio measurements, related parameters and threshold (i.e. in addition to RSRP, RSRQ, CPICH RSCP and CPICH Ec/Io measurements and thresholds) is defined for 3GPP –WLAN radio interworking and RAN2 works further to identify the details for this additional parameter.  This new parameter could e.g. indicate which UEs would try to offload to WLAN if WLAN is available.
2
Conclusion
In this contribution we have presented system simulation results for LTE-WLAN radio interworking in a couple of example scenarios. In these initial simulation results we have studed how UE RSRP measurements and RSRP thresholds and criteria can be utilised in 3GPP –WLAN radio interworking and RAN assistance and RAN rules. Based on the finding of our simulation results we make the following recommendation and proposal for further work on 3GPP – WLAN Radio interworking.

Recommendation 1: Network SON functionality is utilized in automating to find suitable RSRP thresholds for 3GPP - WLAN offloading decisions in different 3GPP – WLAN deployment scenarios and with different offloading needs. We suggest that RAN2 informs RAN3 about its finding on SON for 3GPP –WLAN Radio interworking purposes. 
Proposal 1: As in certain deployment scenarios shown in our simulations, RSRP based thresholds may be rather difficult to set so that a desired offloading percentage from 3GPP to WLAN is achieved, we propose that also other parameter in addition to 3GPP Radio measurements,  related parameters and threshold (i.e. in addition to RSRP, RSRQ, CPICH RSCP and CPICH Ec/Io measurements and thresholds) is defined for 3GPP –WLAN radio interworking and RAN2 works further to identify the details for this additional parameter. This new parameter could e.g. indicate which UEs would try to offload to WLAN if WLAN is available. 
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Annex: Detailed Simulation Assumptions 
In the following sub-sections simulation assumptions for Scenario 1 and 2 simulations are provided.
A.1
Scenario1 

General simulation assumptions of Scenario 1:
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LTE spefic simulation assumptions of Scenario 1:
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WLAN spefic simulation assumption of Scenario 1:
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A.2
Scenario2

General simulation assumptions of Scenario 2:
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LTE spefic simulation assumption of Scenario 2:
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WLAN spefic simulation assumption of Scenario 2:
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