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1. Introduction
A new WI on “WLAN/3GPP Radio Interworking” has been approved by the RAN#62 plenary. The scope of the WI is to standardize a network assisted UE based WLAN/3GPP radio interworking solution with and without ANDSF as per:
“For the Access Network Selection part:
· Selected RAN assistance parameters transferred via system broadcast and/or dedicated signalling used within:
· RAN rules defined within RAN WG specifications in case enhanced ANDSF is not deployed in the network or not supported by the UE.
· ANDSF policies in case enhanced ANDSF is deployed in the network and supported by the UE.
· RAN assistance information may be enhanced with WLAN identifiers in case ANDSF is not deployed or not supported by the UE.
For the Traffic Routing part: 
· Selected RAN assistance parameters transferred via system broadcast and/or dedicated signalling used within: 
· RAN rules specified in RAN2 WG specifications in case enhanced ANDSF is not deployed or not supported by the UE.
· ANDSF policies in case enhanced ANDSF is deployed in the network and supported by the UE.
RAN assistance information may be enhanced with traffic routing information (e.g. offload granularity) in case ANDSF is not deployed or not supported by the UE.”
Since both solutions with and without ANDSF will require SA2 and CT1 work it is crucial to identify the areas which require coordination with SA2/CT1 as soon as possible to allow SA2/CT1 to complete their work in Release-12 timeframe. Two such areas are:
1. RAN assistance parameter down selection – RAN2 needs to agree on the exact list of the RAN assistance parameters so that SA2 can discuss how to incorporate these into ANDSF.
2. CN support for RAN solution without ANDSF – RAN2 needs to agree on which information CN needs to provide to RAN for solution without ANDSF so that SA2 can discuss the methods to provide such information to RAN.
In the discussion section below we look into these issues in more detail.
[bookmark: _Toc357956303]2. Discussion
RAN Assistance Parameter Down-Selection
The following RAN assistance parameters were discussed during the SI phase and are captured in the TR 37.834 [2] as part of solutions 1 and 2 description:
	Parameter
	Description

	Load Information
	Direct/indirect indication of UMTS/LTE load, e.g. in percentage, 
in load levels (low, medium, high) or offload preference indicator 

	Resource Allocation
	Maximum resource allocation the UE may receive on UMTS/LTE

	WLAN Thresholds
	WLAN RSSI threshold, WLAN BSS load threshold and WLAN WAN metric threshold

	RAN Thresholds
	RSRP/ RSCP thresholds



We first look at “RSRP/RSCP thresholds” assistance parameter. Using this parameter the operator can ensure that LTE/UMTS cell edge UEs are moved to WLAN when needed, thus providing the operator significant level of control over UE WLAN offload decisions. We also note that measured cell quality value e.g. RSRQ measurements may provide a better indication of cell-edge data rates available to a user, hence should also be considered to set the offloading threshold(see performance studies in the Appendix). Additionally, the operator may adjust the “RSRP/RSCP thresholds” sent by the network to the UE based on LTE/UMTS load, thus providing the operator the means to load balance traffic between 3GPP and WLAN networks. We believe that this parameter is useful and should be selected for the normative specification.  
Proposal 1: RAN2 to select either “RSRP/CPICH RSCP threshold” or measured cell quality value “RSRQ/ CPICH Ec/N0 threshold” (or both) RAN assistance parameters for normative specification.  
Second, we look at the “offload preference indicator” assistance parameter. The “offload preference indicator” may be based on 3GPP load or any other criteria selected by the operator. Using this parameter the operator may also load balance the traffic between 3GPP and WLAN networks, similarly to what can be done with “RSRP/RSCP thresholds”. The question is whether this parameter provides any additional information to the UE or an additional level of control for the operator, which cannot be realized using “RSRP/RSCP thresholds”. While this may not be the case for the solution without ANDSF (i.e. based on RAN rules), we do believe that “offload preference indicator” is useful when integrated into the enhanced ANDSF policies. We note that ANDSF policies already contain WLAN “bss load” attribute and therefore we believe it would be beneficial to have a comparable metric for 3GPP networks as well. Using “offload preference indicator” may allow definition of different ANDSF policies for different user categories or different traffic types, e.g. an operator may define an ANDSF policy to offload “silver” users first when the LTE load increases slightly and offload “gold” users later, when the LTE load is significantly high.
Additional point to consider is that using “offload preference indicator” in ANDSF is significantly easier for the UE implementation, compared to the “RSRP/RSCP thresholds”. The reason is that for “offload preference indicator” ANDSF policies contain the threshold, which is compared to the “offload preference indicator” value provided the RAN. The implementation is straightforward and consistent with the way other ANDSF parameters are handled today. On the other hand, with “RSRP/RSCP thresholds” the ANDSF policy contains the default threshold which is overridden by cell specific “RSRP/RSCP threshold” provided by the RAN and eventually compared to the RSRP/RSCP measurement performed by the UE. The implementation involves multiple interactions between different protocol layers in the UE is significantly more complex compared to the implementation of the “offload preference indicator”. 
Additionally, if there is a need to have different RSRP/RSCP thresholds for different flows within the ANDSF, it would be relatively complex to implement. It is less complex and preferable to avoid multiple RSRP/RSCP thresholds but instead complement a RSRP/RSCP threshold with “offload preference indicator (e.g. 1,2 or more bits)”
Therefore, we believe that “offload preference indicator” is also useful and propose to select it for the normative specification.
Additionally, when RAN solution is deployed without ANDSF the UE needs to know which WLAN networks it can use. This information may be pre-configured in the UE, however this option does not provide a fully standards compliant solution which may operate without ANDSF. Therefore, we propose that WLAN identifiers assistance parameter is also selected for normative specification.
Proposal 2: RAN2 to select WLAN identifiers assistance information for normative specification.
The details of how to signal WLAN identifiers (i.e. to use SSIDS, HS2.0 identifiers, etc) may be discussed later.
Proposal 3: RAN2 to select “offload preference indicator” RAN assistance parameter for normative specification.
Note: it is up to SA2/CT1 to decide which parameters (RSRP/RSCP thresholds, offload preference or both) will be included into enhanced ANDSF.
Assuming “offload preference indicator” is selected for the normative specification, we believe that there is little to none additional information that the following parameters may provide: direct load indication, resource allocation. 
Proposal 4: If “offload preference indicator” is selected for normative specification, do not specify “load information” and “resource allocation” parameters.
Parameters to take into account  WLAN load (bss load, WAN metric) are already included in the ANDSF, and WLAN load information (bss load, WAN metric) are available to the UE via WLAN.  UE WLAN measurements e.g. RSSI thresholds have the issue of lack of calibration between different vendors.
Proposal 5: RAN2 to decide a) on whether WLAN load related parameters (BSS load, WAN metrics) should be used by RAN rules; b) on whether WLAN UE measurement e.g. RSSI should be used by RAN rules and enhanced ANDSF in Rel-12.
CN support for RAN solution without ANDSF
As discussed in a separate contribution [3], we believe that RAN solution without ANDSF should work at APN offload granularity. 
When RAN solution is deployed without ANDSF, the UE needs to know which APNs may be offloaded to WLAN. There are two possible options to convey this information to the UE:
1. RRC signalling
2. NAS signalling
If RRC signalling is used, the network indicates to the UE which bearers may be offloaded and the UE offloads all bearers from the PDN connection the signalled bearer belongs to. It must be noted that if the first option (RRC signalling) is selected, this information need to be made available to the (e)NB, so CN will be involved regardless of the option selected.
Observation 1: Information about which APNs may be offloaded to WLAN may be conveyed to the UE via RRC or NAS signalling, but CN has to be involved in both cases.
Proposal 6: RAN2 to discuss which option is preferable and to ensure that the decision is aligned with SA2/CT1.
Solution based on RAN rules may be deployed with and without ANDSF. Operators that rely on ANDSF enhanced with RAN parameters (discussed above) may wish to disable RAN rules, as otherwise enhanced ANDSF policies and RAN rules that make use of the same parameters (e.g. RSRP/RSCP thresholds, offload preference indicator) may create conflicts. Therefore, it is proposed that ANDSF is enhanced with parameter which can be used to disable RAN rules.
Proposal 7: ANDSF is enhanced with parameter which can be used to disable RAN rules.
RAN2 should send an LS to SA2/CT1 to communicate the above agreements.
Proposal 8: RAN2 to send an LS to SA2/CT1 to communicate the above agreements.
3. Conclusions
It is proposed to agree the following and to communicate the agreements to SA2 and CT1:
Proposal 1: RAN2 to select either “RSRP/CPICH RSCP threshold” or measured cell quality value “RSRQ/ CPICH Ec/N0 threshold” (or both) RAN assistance parameter for normative specification. 
Proposal 2: RAN2 to select WLAN identifiers assistance information for normative specification.
Proposal 3: RAN2 to select “offload preference indicator” RAN assistance parameter for normative specification.
Proposal 4: If “offload preference indicator” is selected for normative specification, do not specify “load information” and “resource allocation” parameters.
Proposal 5: RAN2 to decide a) onwhether WLAN load related parameters (BSS load, WAN metrics) should be used by RAN rules; b) on whether WLAN UE measurement e.g. RSSI should be used by RAN rules and enhanced ANDSF in Rel-12.
Proposal 6: RAN2 to discuss which option of conveying information about which APNs may be offloaded to WLAN (RRC or NAS signalling) is preferable and to ensure that the decision is aligned with SA2/CT1.
Proposal 7: ANDSF is enhanced with parameter which can be used to disable RAN rules. 
Proposal 8: RAN2 to send an LS to SA2/CT1 to communicate the above agreements.
Appendix A: Performance Evaluation of RSRP and RSRQ Threshold Based Traffic Steering 
As discussed in the TR, the RSRP/RSCP threshold can be used for load balancing between WLAN and LTE such that cell-edge users experiencing weaker channel conditions on the 3GPP network are offloaded first. We note that RSRP is a poor predictor of users’ data rates, as typical cellular deployments are interference limited. Hence, metrics such as the RSRQ, which are more indicative of the interference experienced by a user, should also be considered as an alternative metric.  We also further evaluate the approach of access network selection based on relative RSRP comparison between LTE and WLAN with a bias offset to achieve cell-range extension for WLAN small cells (similar to the case for 3GPP small cells). Using relative RSRP comparison for access network selection can potentially improve performance beyond RSRP/RSRQ threshold schemes, as it allows for offloading UEs from the LTE/UMTS cell center given sufficient WLAN signal quality 

In the following we evaluate the offloading effectiveness of RSRP /RSRQ threshold, and RSRP + Bias based offloading schemes, and compare their performance with conventional WLAN offload scheme that always offloads to WLAN if minimum coverage is achieved.  For benchmarking, we also compare performance with the load aware Max Achievable Throughput (Max-TP) scheme investigated in [4]. 
A.1Description of offloading schemes and deployment scenarios 
Detailed description of the offloading schemes is given in the following.
Offloading Schemes
WiFi-Preferred Scheme 
As discussed in [4], 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. 

RSRP Threshold + minimum WiFi QoS
This policy compares the reference signal received power (RSRP) from the 3GPP with the RSRP offload threshold provided by RAN.  If the RSRP is below the prescribed threshold, the user offloads to WLAN if the minimum WiFi QoS is met.  Minimum QoS on WiFi is met if WLAN link rate exceeds the lowest supported data rate for transmission (e.g. BPSK Rate ½). Ideal estimation of RSRP is assumed. 

RSRQ Threshold + minimum WiFi QoS
This policy compares the RSRQ on the 3GPP link with the RSRQ offload threshold provided by RAN.  If the RSRQ is below the prescribed threshold, the user offloads to WLAN if the minimum WiFi QoS is met.  Minimum QoS on WiFi is met if WLAN link rate exceeds the lowest supported data rate for transmission (e.g. BPSK Rate ½).  Ideal estimation of RSRQ is assumed. 

RSRP + Bias + minimum WiFi QoS
This policy compares the “Biased RSRP” on the WLAN link with the RSRP measurement on the 3GPP link. If the RSRP + Bias of the WLAN link is higher than the RSRP of the 3GPP link, the user offloads to WLAN if the minimum WiFi QoS is met.  Minimum QoS on WiFi is met if WLAN link rate exceeds the lowest supported data rate for transmission (e.g. BPSK Rate ½).  

Note that the “RSRP” on the WLAN link can be measured based on computing the RCPI – ANPI (Received Channel Power Indicator – Average Noise Power Indicator) according to IEEE 802.11-2012 specification (inclusive of 802.11k based radio resource measurements).  Ideal estimation of RSRP is assumed.

Max Achievable Throughput (MAX-TP) Scheme This scheme is described in detail in [4]. It selects the radio link providing the highest estimated throughput. 
· Select the network/RAT (Radio Access Technology) providing the highest estimated throughput. 
· Throughput is estimated by dividing the rate predicted by ideal knowledge of access delay at each UE with the ‘actual loading’ (e.g. the number of users sharing the radio).  
· Suitable hysteresis methods as described in [4] are used, and network selection decisions are updated every second.

Deployment & Simulation Scenarios 
We focus on the Downlink performance and consider a deployment scenario where an LTE macro cell network is deployed with WiFi-only small cell. Standard 3GPP system evaluation methodology specified in 3GPP 36.814 and 36.819 is used for LTE as well as WiFi deployments. Detailed simulation parameters for both LTE and WiFi, are included in Table 1. An outdoor deployment with 1/4 small cells and 9/30 UEs/sector is assumed.  We show results for clustered user distribution, but our conclusions are expected to be similar for the uniform case as well. The WiFi contention based MAC is explicitly modelled in the system level simulator.  
Both full-buffer and non full buffer with 3GPP FTP traffic model 2 [5] is modelled.  A lightly loaded scenario (lambda = 2, i.e., exponentially distributed reading time with mean 0.5 s, and fixed file size of  0.05MB/file) is considered to contrast with the heavy load considered in the full buffer scenario. 

	LTE

	Topology
	1/4 small cells/sector, 9/30UEs/sector , 7 cell wrap-around (Het-Net deployment w/ WiFi only 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 and non full buffer with 3GPP FTP traffic model 2 [5] (lambda = 2, i.e., exponentially distributed reading time with mean 0.5 s, and fixed file size of 0.05MB/file) 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



Table 1 Simulation Assumptions

A. 2 Performance Results 
Table 2 and 3 compares the full-buffer throughput performance of RSRP/RSRQ threshold, and RSRP +Bias based offloading schemes, with conventional WiFi-preferred schemes. For reference, performance is also compared with the Max-TP scheme, which is based on the knowledge of load across both 3GPP and WLAN systems.  An RSRP threshold of -40 dBm is picked as it is shown to yield best performance across RSRP threshold values ranging from -60 to            -30dBm.  Similarly, an RSRQ threshold of -1.2 dB is selected based on a simulation search across a range of RSRQ threshold values of [-3 to -0.135dB], and a RSRP bias value of 12dB is chosen from a range of bias values of [0, 6, 12, and 18 db]
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Table 2: Full buffer throughput performance comparison for RSRP/RSRQ threshold and RSRP + Bias based schemes. Deployment scenario comprises 1/4 WLAN small cells and 9/30 UEs per LTE macro-cell sector.
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Table 3: Percentage of users associated with WLAN and LTE links (Full buffer traffic model). Deployment scenario comprises 1and 4 WLAN small cell and 9/30 UEs per LTE macro-cell sector.
Comparison presented in Tables 2 and 3 shows that the RSRP threshold based schemes significantly improve the throughput and load balancing performance when compared to conventional WiFi-preferred schemes. The RSRQ threshold scheme further improves offloading performance when compared with RSRP threshold based scheme, hence should also be considered for standardization. The RSRP + Bias scheme performs the best, as it allows for more flexibility in offloading users that may not necessarily be weak cell-edge users. Overall, the signal strength based schemes compare well with the Max-TP scheme, which relies on full knowledge of LTE and WLAN network load. We do note that our evaluation is based on selecting the best value of the RSRP, RSRQ, and offload bias threshold through simulations. Practical schemes to set these thresholds in the network is up to implementation. 
Tables 4 and 5, show a similar comparison for the non full buffer traffic model.   Similar conclusions are also observed for the non full buffer scenario.
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Table 4: Non full buffer throughput performance comparison for RSRP/RSRQ threshold, and RSRP+ Bias based schemes. Deployment scenario comprises 1/4 WLAN small cell and 9/30 UEs per LTE macro-cell sector.
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Table 5 Percentage of users associated with WLAN and LTE links (non full buffer traffic model). Deployment scenario comprises 1/4 WLAN small cell and 9/30 UEs per LTE macro-cell sector.
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