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1. Introduction
During the RAN2#82 meeting RAN2 have agreed three WLAN interworking traffic steering solutions for the inclusion in the TR 37.834. The issue of how these solutions fulfil requirements captured in the TR 37.834 was left for email discussion as per:
[82#11][Joint/WiFi] Requirement fulfilment of WiFi integration solutions (Intel)
-	Discuss whether and how the solutions support the requirements
=>	Intended outcome: Email discussion report and TP to 37.834

The requirements are:
[bookmark: _Toc357956303]5.2	Requirements
The candidate solutions to be considered in this study should meet the following requirements:
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).
5.	Solutions should be compatible with all existing CN WLAN related functionality, e.g. seamless and non-seamless offload, trusted and non-trusted access, MAPCON and IFOM.
6.	Solutions should be backward compatible with existing 3GPP and WLAN specifications, i.e. work with legacy UEs even though legacy UEs may not benefit from the improvements provided by these solutions.
7.	Solutions should rely on existing WLAN functionality and should avoid changes to IEEE and WFA specifications.
8.	Per target WLAN system distinction (e.g. based on SSID) should be possible.
9.	Per-UE control for traffic steering should be possible.
10. Solutions should ensure that access selection decisions should not lead to ping-ponging between UTRAN/E-UTRAN and WLAN.

Solution descriptions are available in the latest revision of the TR 37.834 R2-132249.
This paper provides the summary of this email discussion.
2. Discussion
In this discussion section companies are asked to provide their views on how each solution addresses all requirements and assumptions or not. In case a certain solution does not address a certain requirements companies are asked to elaborate which requirement is not fulfilled and why.
Requirement 1 
Solutions should provide improved bi-directional load balancing between WLAN and 3GPP radio access networks in order to provide improved system capacity.
	Solution
	How the solution fulfills the requirement

	Solution 1
	Yes, the policies can take into consideration 3GPP load and WLAN load and allow traffic steering in both idle and connected mode in both directions efficiently and quickly. Since this solution works in both connected and idle modes and does not require long message exchange the UE responds in a timely fashion to changing network conditions based on dynamic information sent by RAN, thus achieving efficient load balancing.

	Solution 2
	As UE behaviour is predictable, operator controlled load balancing is possible. It can be achieved by specifying rules for traffic steering to/from WLAN considering  signal levels of 3GPP and WLAN and WLAN load. 
The 3GPP RAN can adjust the signal level thresholds to account for the 3GPP load situation, for example, if the 3GPP RAN wants to offload traffic to WLAN it can set signal levels accordingly, e.g. increase RSRP threshold and/or reduce RSSI threshold. If the 3GPP RAN wants UEs to steer traffic from WLAN to 3GPP it can then reduce the RSRP threshold and/or increase the RSSI threshold.
In addition, per-UE thresholds allows for traffic steering of a particular UE based on, for example, the relative generated load of the UE.
Furthermore, if the RAN knows ANDSF is unavailable, it may instruct the UE to apply the RAN policy so that the traffic steering is more predictable in both directions.

	Solution 3
	Load balancing in both directions can be efficiently and dynamically managed by RRC signaling.
In particular, load balancing for UEs in connected mode is achieved by utilising dedicated commands and measurements from both network(s) and UE when determining if offloading should be performed, and selecting the UEs that provide best offloading performance (taking into account both system and user point of view).
If needed, idle UEs subject to new traffic or  poor WLAN conditions (low quality or high load) can establish an RRC connection in order to allow steering back to 3GPP by the RAN



Please indicate whether in your view each solution fulfils this requirement. If the answer is no, please elaborate why this is not the case.
	Company
	Comments

	Ericsson/ST-Ericsson
	Solution 1: Not clear how predictable UE behaviour with this solution is achieved as UEs seem to do access selection autonomously, especially non-ANDSF UEs. A single UE is unaware of which RAT it should steer traffic to in order to achieve best load distribution 3GPP and WLAN, hence limited improvements in overall user experience and system capacity are expected.
Solution 2: Provides more operator control compared to Solution 1 as the UE behaviour is predictable, hence an operator controlled load distribution between WLAN and 3GPP can be achieved. Per-UE traffic steering to WLAN possible based on, for example, the relative generated load of a UE. Traffic steering can also be performed on a per need basis.
Solution 3: Same as for Solution 2.

	Alcatel-Lucent
	Solution 2 and 3: It is unclear how these 2 solutions interact with ANDSF policies in the presence of ANDSF and hence may not be as predictable as it claims to be. If ANDSF can override the preference/command from RAN in some cases, then it would seem more logical to perform all traffic steering in ANDSF/UE NAS. Solution 1 provides such unified solution.
Solution 3: Load balancing cannot be achieved in idle mode and therefore may require Solution 1 or 2 to complete the solution. As on the sub-solution of the UE going into connected mode, it will mean unnecessarily increasing network signalling. Furthermore it is also unclear how it allows for bearer based traffic steering from WiFi back to 3GPP.

	Intel Corporation
	Solution 1: fulfills this requirement allowing the operator to steer the required amount of traffic predictably to/from WLAN using RAN assistance paramaters and policies (available via ANDSF, connection manager or pre-provisioned in the UE). 
Solution 2: fulfills this requirement, however interaction with ANDSF is not fully clear, to ensure predictable UE behavior.
Solution 3: fulfills this requirement in connected mode only, however interaction with ANDSF is not fully clear, to ensure predictable UE behavior. 

	Samsung
	Solutions 1 & 2: fulfill the requirement
Solution 3: fulfills the requirement only in connected mode for bi-directional load balancing: In order for an UE to move back to 3GPP, the UE should keep reporting the current WLAN status to 3GPP.

	CMCC
	We think solution 3 fulfills the requirements.
Solution1 totally depends on the UE individual evalution and decision, so we are wondering how to guarantee the solution can provide improved system capacity. So far we don’t think solution 1 can fufill this requirement.

	InterDigital
	Solution 1: Solution 1 fulfils this requirement in both idle mode and connected mode while taking into account not only the system capacity but also factors that may impact the user perceived quality of experience for e.g. the UE local settings e.g. WLAN interface ON/OFF, user preferences, UE local conditions and other informations such as battery status and user interaction as well as UE batterry consumption 
Solution 2: Not clear how Solution 2 fulfils this requirement since it is not clear how the rules provided by the RAN co-exist with ANDSF and it is not clear how the UE behaves when the rules provided by RAN conflicts with the rules from ANDSF.
Solution 3: Not clear how Solution3 fulfils this requirement. Not clear how Solution 3 offload traffic from WLAN to 3GPP RAN while the UE is in E-UTRA/UTRA  idle mode since traffic offload while the UE is in E-UTRA/UTRA  idle mode  is not supported by Solution 3. For example, the user traffic may be offloaded from 3GPP RAN to WLAN and the UE may be put into idle mode in order to save power. Once the WLAN becomes for e.g. congested or UE goes out of coverage, it shall be possible to move the traffic back to RAN. It is not clear how Soluton 3 handles such scenarios without unecessary increase to UE battery consumption or significant signalling increase since the UE must either be kept in E-UTRA/UTRA connected mode or moved to connected mode before a traffic offload decision can be made by the RAN. This also implies Solution 3  requires new UE capability i.e. the UE must have the capability to be active in both E-UTRA/UTRA and WLAN.

	AT&T
	Solution 1:  Solution 1 allows traffic steering in both the UE connected and idle modes without extended signaling between UE and radio network.  The steering takes into account the perceived QoE plus user preferences, WLAN interface ON/OFF, UE local conditions, and UE battery conditions.
Solution 3:  Solution 3 seems to be a bit cumbersome when it comes to bi-directional load balancing since it doesn’t support idle mode, which makes it difficult to conserve UE battery life-an extremely big issue for the operator community.

	CATT
	Solution 1, how to fulfill the requirement is up to UE implemenataion. Since UE’s behavior is not predictable, we cannot say UE’s implementation can fulfill the requirement.
Solution 3 can provide more operator control than operation 1, at least for connected UE. For idle UE, if it could setup RRC connection to report measurements results, it can also provide more operator control.

	Orange
	Solution 3 fullfils the requirement. An IDLE UE may be configured with a WLAN signal level and load threshold indicating when to steer traffic back to 3GPP network, so it does not need to be kept in Connected mode. Please note that when steering traffic back to 3GPP Solution 1 and 2 also need to establish connection with 3GPP network, so the signalling overhead is the same for this case.
In Solution 1 and 2 the decision of the traffic steering is non-optimal from the other UEs and system perspective, since it is made based only on the situation of the single UE making a decision.

	Broadcom
	Solution 1 fulfills the requirement in both connected and idle modes by taking into account many asepcts, spanning from Network control, user experience, and WLAN connectivity status.
Note that in operator delpoyed WLAN scenarios, UE implementation is likley to be tightly controlled by the operator ensuring that UE behavior is predictable.
Solution 3: is not an optimal solution as the interaction with ANDSF, HotSpot and user preferences  can cause unpredictable and non desirable  UE behavior. 

	ETRI
	Solution 1: it is unclear how Solution 1 fullfills this requirement since the traffic steering decision depends on semi-static ANDSF policies and UE’s local decisions without considering network erformance and overall information of UEs in a cell. 
Solution 2: fulfilment of Solution 2 depends on a provision period of the rule that reflects load information and relation with ANDSF.
Solution 3: it’s not clear in case of offloading back to 3GPP RAN. 

	China Unicom
	Solution 3 fulfills the requirement. For UE in idle mode, UE can first enter RRC_Conntected as steering UE from WLAN to 3GPP network is for data transmisison purpose. 
In solution 1, criterion of traffic steering is depend on UE implementation. Network cannot predict UE behavior. It can not guarantee the requirement.

	ITRI
	Solution 1:  In this solution, UE is provided with RAN assistance information as well as WLAN related information and thus UE can make use of information such as 3GPP and/or WLAN load to make appropriate decision.

	Kyocera
	Solution 1: For the case ANDSF isn’t available, the fulfillment of the requirement is up to UE implementation.  In particular, it is unclear how roaming UE’s would behave.
Solution 2:  Fulfills the requirement by allowing the 3GPP RAN to decide the rules that are applicable for bi-directional traffic steering.
Solution 3: Solution 3 is only applicable for Connected UEs, so it is unclear how traffic steering works for Idle UEs.  Furthermore, it is unclear how the 3GPP network steers traffic back to 3GPP RAN. 

	KDDI
	Solution 1: Fulfills the requirements by using assitenance information porvided by 3GPP and polices provided by ANDSF or pre-defined.
Solution 3: Seems only applicable for RRC_connected UEs. Establishing a RRC_connection just for steering the traffic to WLAN will introduce a large sigalling overhead and it should be avoided.

	Nokia Corporation / Nokia Siemens Networks
	Any of the solutions does not fulfill the requirement.
Solution 1: It is not clear how the UE without ANDSF MO would perform access network selection i.e. the UE behaviour is not predictable.
Solution 2&3: WLAN measurements are not predictable, because they differ largely due to the non-standardized scaling and due to vendor-specific functions i.e. all the UEs would not be able to achieve comparable WLAN measurements results.
Solution 3: In order to move the UE back to 3GPP, the UE should be kept in connected mode in 3GPP all the time while WLAN connection is ongoing.Load balancing for the IDLE mode UEs is not possible which would cause unneccesary connection setups in cellular network resulting in sending the UE to WLAN. 

	Deutsche Telekom
	All solutions fullfill this requirement.
Solution 1 has the drawback that due to the UE centric approach the UE behaviour might not be testable and predicatable unless every details is explicitly specified in 3GPP specification.
Solution 3 requires the UE to be kept in Connected mode which is ok, as offloading idle mode UE does not make that much sence due to no traffic. With LTE the time UEs spent in connected mode will be longer then in the past.

	RIM
	Solution1 takes assistance information provided by RAN into account along with other information contained in the policy/rules provided by higher layer when making traffic steering decision to and from WLANs. Therefore UE behaviour is predictable and fullfils the requirements because the assistance information provided by RAN is tailored to maximize the system capacity.
Solution2 and Solution3: Interaction with ANDSF is not fully clear, which may lead to unpredicatable UE behavior. 
Solution3: Steering traffic from WLAN to 3GPP RAN whilst in RAN IDLE mode requires additional signalling, which impacts UE battery and introduces additional network signalling load and mobility delay. 

	Coolpad
	We think the solution 3 fulfills the requirement. The solution 3 provide more operator control than others for RRC Connection UE.  For idle mode, UE should setup RRC connection.
For the Solution 1, some potential risks are inevitable since the network selection should depend on ANDSF policies and UE’s local decisions

	ZTE
	It is not clear whether solution 1 can fulfill the requirement since the behavior of UE is not predictable and testable,
Solution 2 and solution 3 can fulfill the requirement and provide more operator control.

	Huawei, HiSilicon
	Solution 1: This solution can improve load balancing if precise-enough UE requirements are specified for the rules in order to allow conformance testing (e.g. when exactly the rules are executed), if all WLAN capable UEs supporting  procedures in 24.302 are mandated to support these rules, if randomization procedures are introduced and if the RAN nodes knows the ANDSF policies configured for each UE profile and for what purpose (it cannot work if a roaming UE uses ANDSF policies provided by the HPLMN and assistance information from the VPLMN).
Solution 2: This solution can improve load balancing provided the same conditions like solution 1 are met (except for ANDSF).
Solution 3: This solution can improve load balancing more efficiently than solution 1/2 as no randomization is needed and the network can select the exact set of UEs for traffic steering, without impacting other UEs.



Requirement 2 
Solutions should improve performance (WLAN interworking should not result in decreased but preferable in better user experience).
	Solution
	How the solution fulfills the requirement

	Solution 1
	Yes, the policies can take into consideration 3GPP and WLAN load and signal strength to allow selection of the best network thus improving user experience and network performance while taking into account user preferences and running applications requirements. The traffic flow distribution may be performed according to the QoS requirement of the individual IP traffic flow. 
Based on the above it is clear that the user experience can be maximized by UE based offloading decision considering user preference, policies, RAN assistance information and UE local measurements.  

	Solution 2
	By specifying the rule that reflects signal quality of 3GPP RAN and WLAN and WLAN load, user experience can be improved. For instance, according to the rule, the UE can steer traffic to WLAN when load of WLAN is less than a threshold and signal quality of 3GPP is below another threshold and signal quality of WLAN is above a third threshold. Otherwise, the UE can steer traffic to 3GPP RAN. 
The thresholds for the rule can be provided by RAN, which considers existing UE measurement reports (regarding 3GPP), RAN state, relative generated load by a UE such that both user experience and network performance is improved.

	Solution 3
	The steering traffic to or from WLAN is based on network and UE measurements for both 3GPP and WLAN systems which can take into account, and improve, both system and user performance. 
See requirement 1 for further details.



Please indicate whether in your view each solution fulfils this requirement. If the answer is no, please elaborate why this is not the case.
	Company
	Comments

	Ericsson/ST-Ericsson
	Solution 1: Limited performance improvements, for example due to that load is difficult to quantify and relate to achivable performance, especially between different vendors, types of nodes, RATs.
We also note that maybe not all UEs will support ANDSF and how predictable behavior of non-ANDSF Ues can be achieved is not clear to us. Due to unpredictable behaviour of Ues the operator risk that misbehaving Ues does access selection such that overall system performance is degraded.
Solution 2: By considering UE report (regarding 3GPP), RAN state, relative generated load by a UE the network can control traffic steering such that both user experience and network performance is improved.
Solution 3: As for Solution 2 but with the addition that UE report regarding WLAN further improves the performance.

	Alcatel-Lucent
	Solution 2 and 3: It is unclear of how the 2 solutions interact with ANDSF policies in the presence of ANDSF and hence may not be as predictable as is claimed, which may result in ping-ponging if interaction is not handled well thus affecting the user experience. 
Solution 3: As it may require Solution 1 or 2 to perform for idle mode load balancing, it may result in ping-ponging in some cases because decision of traffic steering is done in different place which will hence affect user experience

	Intel Corporation
	Solution 1: fulfills the requirement and gives maximum flexibility to operators in controlling UE behaviour while accounting for radio link conditions and network loading in the RAN. Operator rules may be flexibly configured via ANDSF or pre-provisioned. In particular it is able to account for per flow performance, which may not be achievable with RAN controlled traffic steering.
Solution 2: fulfills the requirement, however interaction with ANDSF is not clear.
Solution 3: fulfills the requirement, however performance gains may be impacted by lack of WLAN measurement calibrations between different vendors and lack of knowledge of WLAN state in 3GPP network  controlling the UE as there is no information exchange between WLAN and 3GPP in case of non-colocated deployment. In certain flavors of solution 3 user preferences and ANDSF may override network command, in which case performance gains are not clear. Additionally, solution 3 cannot account for per-flow level performance.

	Samsung
	All solutions fulfill the requirements from the throughput perspecitve.
However solution 3 requires more UE power consumption as UE cannot be in idle mode for the bi-directional load balancing. This may degrade the user experience. 

	CMCC
	Each solution will find a way to improve the performance because this requirement brings benefits to everyone.

	InterDigital
	Solution 1: Solution 1 fulfils this requirement taking into account not only the overall network performance but also factors that may impact the user perceived quality of experience for e.g. the UE local settings e.g. WLAN interface ON/OFF, user preferences, UE local conditions and other informations such as battery status and user interaction as well as UE batterry consumption. 
Solution 2: Not clear how Solution 2 fulfils this requirement since it is not clear how the rules provided by the RAN co-exist with ANDSF and it is not clear how the UE behaves when the rules provided by RAN conflicts with the rules from ANDSF. 
Solution 3: Not clear how Solution 3 fulfils this requirements. The user may see degraded quality of experience since RAN is not aware of the factors local to the UE that may impact the perceived user quality of experience for e.g. the UE local settings e.g. WLAN interface ON/OFF, user preferences, UE local conditions and other informations such as battery status and user interaction

	AT&T
	Solution 1:  Solution 1 allows traffic steering in both the UE connected and idle modes without extended signaling between UE and radio network.  The steering takes into account the perceived QoE plus user preferences, including WLAN interface ON/OFF, UE local conditions, and UE battery conditions.
Solution 3:  It appears that Solution 3 requires extra communications between UE and RAN to request UE reporting its conditions.  Even with the reporting, if it is not real time enough, the information may be out of date which won’t be helpful.  If the reporting is to frequent, BW may be wasted (in both up and down links) which will also have a negative impact.  In a highly congested situation (which may be very common), the extra communications between UE and RAN will probably have a negative impact on the efficiency and capacity of the operator’s network.


	CATT
	All solutions fulfill the requirement. 
For all solutions, the UE needs to perform corresponding measurement. For solution 3, only the UE may report the measurement results only when some event happens which would not introduce much power consumption but could improve the performance.

	Orange
	Soluton 1 and 2 fullfil this requirement to the limited extent, because the whole system perspective is not taken into account. In the end this leads to non-optimal user experience.
Solution 3 fully fullfils this requirement from both single user and system perpsective. Solution 3 does not require UE connected to WLAN to be kept in RRC Connected mode. IDLE UE may be configured with thresholds telling it when to connect to 3GPP network and steer traffic back to 3GPP.

	Broadcom
	Solution 1 fulfills the requirement and provides considerable flexibility to operators in controlling UE behaviour, while taking into account many aspects from user experience point of view (User preference, WLAN interface status, other available WLAN networks, battery status).
Solution 3: the user may see degraded quality of experience since RAN is not aware of the factors local to the UE that may impact the perceived user quality of experience.

	ETRI
	Solution 3: fulfills this requirement since RAN can select the best network considering network performance and overall information of UEs in a cell. 

	China Unicom
	Both solution 2 and 3 can provide network performance improvement. 
In solution 1, traffic steering is depended on UE implementation. As UE behavior is hard to be predicted. It cannot gurantee performance improvement.

	ITRI
	Solution 1:  UE is provided with information from WLAN and RAN assistance information (e.g. WLAN load and thresholds) and thus UE can for instance steer traffic to less loaded WLANs. This improves performance and user experience.

	Kyocera
	All 3 solutions fulfill the requirement; however, since traffic sterring of solutions 1 & 2 are UE-based, UE-specific needs such as steering of specific IP flow rather than just DRB can be more easily fulfilled with less signaling. 

	KDDI
	All solutions fulfill the requirement. Considering the limted time frame for R12, a simpler soultion, solution 1 is realistic. 

	Nokia Corporation / Nokia Siemens Networks
	Any of the solutions does not fulfill the requirement.
Solution 1: The UE behavior is not predictable when ANDSF is not available. In order to fulfill this requirement also user preferences and UE local conditions needs to be taken into account which seems to be fulfilled here. 
Solution 2&3: The UE behavior is not predictable, because WLAN measurements are not comparable between different UEs.
Solution 3: User preferences and UE local conditions needs to be taken into account in order even keep todays user experience, which seems not to be the case with this solution

	Deutsche Telekom
	All solutions fullfill this requirement.
For solution 1 the UE has the oligation to decide if the requirements are still fulfilled to ensure performance quality. Depening on the solution in the UE and the degree of standardisation UEs might have different trigger points and thus customers different user expericence in the same situation. The entire process is reactive.
Solutions 3 provides consistent user experience and prodicatable UE behaviour. Further more the system  can react proactively depening on the load situation e.g. in the cellular entwork.

	RIM
	Solution1 considers assistance information provided by RAN when making traffic steering decision to and from WLANs and other information which are contained in the policy/rules provided by higher layer. Therefore it fullfils the requirements because the assistance information is tailored to ensure performance and end user experience. In addition the UE is able to also factor in user and HPLMN preferences into it’s decision making process.
Solution2 and Solution3: Interaction with ANDSF is not fully clear, which may lead to degradation of end user experience.
Solution3: Dedicated signaling is required to each UE to place it in the optimum RAT (measurement configuration, reporting and steering command). Lack of WLAN measurement calibrations between different vendors may lead to false offloading, leading to degradation of end user experience. The ability of RAN to take into consideration user preferences as well as HPLMN (in case of UE being in VPLMN) policies is unspecified. 

	Coolpad
	We think all solutions fulfill the requirement. Especially for Solution 3, network selection is completely under the control of network. 

	ZTE
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]All solutions can fulfill the requirement, but solution 3 can fulfill the requirement with a most efficent way by only offloading the UE with heavy traffic.

	Huawei, HiSilicon
	Solution 1/2: It seems difficult to at the same time avoid the risk of congestion due to massive steering and to have quick offloading.
Solution 3: Solution 3 improves the performance and affects less UEs than solution 1/2 for the same capacity gain (solution 1/2 cannot select UEs e.g. according to traffic volume or mobility).


Requirement 3 
Solutions should improve the utilization of WLAN when it is available and not congested.
	Solution
	How the solution fulfills the requirement

	Solution 1
	Yes, the policies can take into consideration 3GPP and WLAN load and signal strength and allow traffic steering to WLAN network when WLAN load is low in both idle and connected mode.

	Solution 2
	By specifying the rule that reflects load status of WLAN, utilization of WLAN is improved. With this rule, for instance,Ues connect to WLANs with load below the signalled threshold.

	Solution 3
	Low WLAN utilization is partially due to high power consumption and partially due to degraded user experience as a consequence of poor access selection. Improving user experience and reducing battery consumption will likely improve WLAN utilization. 
When a WLAN is likely to be available and when – based on network conditions (RAN and WLAN) – it would be beneficial to steer traffic of this UE to WLAN, the RAN can trigger the discovery of WLAN and subsequently traffic steering to WLAN (with or without WLAN measurement report)



Please indicate whether in your view each solution fulfils this requirement. If the answer is no, please elaborate why this is not the case.
	Company
	Comments

	Ericsson/ST-Ericsson
	Relates to other requirements.
As has been identified in the SID, low WLAN utilization is partially due to poor user experience and partially due to high power consumption. Improving user experience and battery consumption will likely increase WLAN utilization.

	Alcatel-Lucent
	It is not clear to us how Solution 3 steers UE back to 3GPP when WiFi is overloaded. If there is no proper mechanism  in place, it will result in poor user experience which will eventually lead to poor WLAN utilisation at the end.

	Intel Corporation
	All solutions fulfill this requirement.

	Samsung
	All solutions fulfill the requirement.

	CMCC
	Solution 3 fulfills this requirement.

	InterDigital
	Solution 1: Solution 1 fulfils the requirement. The operator can define policies conducive to the usage of WLAN whenever available taking into consideration both 3GPP RAN and WLAN load and signal strength. Solution 1 fulfils the requirement but most importantly it does so while taking into account factors that may impact the user perceived quality of experience for e.g. the UE local settings e.g. WLAN interface ON/OFF, user preferences, UE local conditions and other informations such as battery status and user interaction, UE batterry consumption. 
Solution 2: Not clear how Solution 2 fulfils this requirement since it is not clear how the rules provided by the RAN co-exist with ANDSF and it is not clear how the UE behaves when the rules provided by RAN conflicts with the rules from ANDSF.
Solution 3: Not clear how Solution 3 fulfils this requirement since it is not clear how this solution takes into account factors local to the UE which may impact the user perceived quality of experience for e.g. the UE local settings e.g. WLAN interface ON/OFF, user preferences, UE local conditions and other informations such as battery status and user interaction. Degraded user quality of experience may lead to the users avoiding WLAN and hence less utilization of WLAN.

	AT&T	
	Solution 1:  An advantage of Solution 1 is that UEs in the cellular mode that are at the cell edge, for example low cellular RSSI (maybe -108 dBM) can be triggered to offload from the cellular network before the UE’s with a better signal strength which better satisfies the user’s needs.  Also, the ability of solution 1 to utilize the idle mode in the UE greatly assists in the best utilization of the WLAN network.  The user’s perceived quality of experience is essential to all users of solution 1 and the UE local settings such as user preferences, WLAN interface ON/OFF, coupled with the UE taking into account its battery conditions when at cell edge are all important to the user’s experience.
Solution 3:  We agree with Alcatel-Lucent’s remarks concerning Requirement 3.

	CATT
	Solution 3 fulfills the requirement better since the network could control UE move from one to another according to its knowledge of the networks and radio qualities.

	Orange
	Solution 3 fullfils this requirement best.
Solution 1 and 2 may lead to situations when a big number of UEs connects to WLAN simultaneously (e.g. upon 3GPP system load change), which leads to congestion in WLAN, degraded user experience and ping-ponging.

	Broadcom
	Solution 1: fulfills the requirement
Solution 3:  solution 3 does not take into account factors local to the UE which may impact the user perceived quality of experience, and in turn may lead to the users avoiding WLAN and hence less utilization of WLAN.

	ETRI
	All solutions fulfill this requirement since the consideration of load information can improve user experience.

	China Unicom
	Solution 3 fulfill this requirements. 
Solution 1 may casue WLAN congestion, as network cannot predict UE behaivor.

	ITRI
	Solution 1:  It can improve the utilization of WLAN. UE, based on the information from RAN and WLAN, can decide to steer traffic to WLAN to reduce load, cost, better signal strength, etc

	Kyocera
	We agree with Ericsson that improvement of user experience and UE power consumption will lead to better WLAN utilization.  From this perspective, Solutions 1 & 2 satisfy the requirement by allowing the UE to take into account of its battery level, proximity to WLAN and QoS needs. The 3GPP network could provide the UE with its intention for WLAN offloading to further reduce unnecessary scanning of WLAN.
For Solution 3, it is unclear how the 3GPP network knows that WLAN is available to the UE since the 3GPP network may not be tracking the UE’s relative location to an available WLAN AP. 

	KDDI
	All solutions fulfill this requirement. Considering the limted time frame for R12, a simpler soultion, solution 1 is realistic.

	Nokia Corporation / Nokia Siemens Netoworks
	Any of the solutions does not fulfill the requirement.
Solution 1: Not clear how the UEs without ANDSF would select operator controlled WLAN APs.
Solution 2&3: It could be difficult to set the WLAN measurement thresholds, because WLAN measurements between UEs are not comparable.

	Deutsche Telekom
	All solutions fullfill this requirement.
Solution 1 has the drawback that the WLAN can become congested as the UEs individually decide to offload traffic to WLAN. The missing system wide view (cellular and WLAN) could be achived with a solutions 2 or 3 approach.

	RIM 
	Solution1 ensures offloading to WLANs which satisfy conditions for good performance and end user experience. With well specified RAN assistance information to influence the WLAN selection, under utilization of the WLAN will be eliminated.
Solution2 and Solution3: Interaction with ANDSF is not fully clear, which may lead to unpredicable behaviour.
Solution3: Dedicated signaling is required to each UE to place it in the 3GPP determined optimum RAT (measurement configuration, reporting and steering command). It is not clear how RAN can take into account user or (in certain cellular roaming scenarios) HPLMN preferences.

	Coolpad
	All solutions fulfills this requirement.

	ZTE
	All solutions can fulfill the requirement, but solution 3 can fulfill the requirement with a most efficent way by only offloading the UE with heavy traffic ( offload UE with little traffic is not much helpful to the load banlance and will cause lots of unnecessary signalling).

	Huawei, HiSilicon
	This is related to other requirements: improvement of user experience on WLAN and reduction of UE power consumption due to search of WLAN will lead to better WLAN utilization


Requirement 4 
Solutions should reduce or maintain battery consumption (e.g. due to WLAN scanning/discovery).
	Solution
	How the solution fulfills the requirement

	Solution 1
	Yes, the policies can take into consideration 3GPP and WLAN load and signal strength and allow traffic steering to WLAN network when WLAN load is low in both idle and connected mode.

	Solution 2
	By specifying rules that allows the UE to perform WLAN scanning only when certain conditions regarding RAN is satisfied, battery consumption can be reduced. For instance, by allowing the UE to scan WLAN channel only when RSRP is less than a certain threshold, UE can save the battery consumption. Alternatively, by signalling an indication by RAN via broadcast/dedicated signalling which informs UE that WLAN scanning/traffic steering is allowed/not allowed from this time forward, battery consumption can be reduced.For more battery saving, it requires a further study.

	Solution 3
	The RAN measurement control can activate WLAN measurements from the UE only when necessary for the particular UE, e.g., based on UE traffic. As such the UE is not required to scan or discover operator WLAN for this solution except when instructed by the 3GPP RAN.



Please indicate whether in your view each solution fulfils this requirement. If the answer is no, please elaborate why this is not the case.
	Company
	Comments

	Ericsson/ST-Ericsson
	Solution 1: Not straightforward how power savings can be achieved, UE may need to continiously scan WLAN to be able to compare 3GPP and WLAN load.
As shown in R2-132034, from a power consumption point of view, updating of ANDSF policies often may increase UE power consumption.
Solution 2: Power savings due to scanning may be possible when UEs 3GPP signal strength is above the threshold for going to WLAN. Per UE threholds enable the RAN to indicate that UEs, which are not subject to WLAN offloading, should only go to WLAN when 3GPP signal strength is below a low threshold.
Solution 3: Power savings due to scanning may be possible when UEs 3GPP signal strength is above the threshold for performing WLAN reporting. Per UE threholds enable the RAN to indicate that UEs, which are not subject to WLAN offloading, should only send measurements reports regarding WLAN when 3GPP signal strength is below a low threshold.

	Alcatel-Lucent
	As the UE needs to detect non-operator controlled WiFi (e.g. home or enterprise WiFi), the UE will anyway need to scan for all APs even if it is not instructed to do so by RAN. Hence none of solutions will improve on power saving. However, all solutions will fulfil the requirement of at least maintaining the UE power consumption 

	Intel Corporation
	RAN2 have already agreed to de-prioritize UE power optimizations so there seem to be a consensus within the group that the issue is not significant. Typically UE uses various optimizations and not scans continuosly. In case ANDSF is deployed, any potential negative impact of ANDSF message exchange is identical for all solutions.
Solution 1: maintains UE battery consumption 
Solution 2: maintains UE battery consumption
Solution 3: may negatively affect UE power consumption as it requires the UE to stay RRC connected all the time (one solution 3 flavor). Periodic reporting of WLAN measurements may also negatively affect power consumption. 

	Samsung
	Solutions 1 & 2: fulfill the requirement
Solution 3: same answer for the requirement 2: Solution 3 requires more UE power consumption as UE cannot be in idle mode for the bi-directional load balancing.

	InterDigital
	Solution 1: Solution1 fulfils the requirements for both idle mode UE and and connected mode UEs. As oppose to existing implementations, the UE only scan WLAN when the operator defined rules are fulfiled e.g. UE scans for WLAN when RSRP/RSCP is below certain threshold. Furthermore the solution support idle more which implies no unecessary battery drain by forcing the UE to remain in connected mode while traffic is on WLAN or by forcing the UE to transition to connected mode first so traffic can be offload back to 3GPP RAN.
Solution 2: Not clear how Solution 2 fulfils this requirement since it is not clear how the rules provided by the RAN co-exist with ANDSF and it is not clear how the UE behaves when the rules provided by RAN conflicts with the rules from ANDSF.
Solution 3: Not clear that Solution3 fulfils this requirement.  The solution involves more signaling ( at least 5 times more) between the UE and the NW which implies more battery consumption.  Furthermore, the solution doesn’t support E-UTRA/UTRA idle mode and consequently either force the UE to be in connected mode while there is traffic on WLAN or force the UE to transition to connected mode in order to offload traffic back to 3GPP RAN. Either of this contributes to unnecessary battery consumption. It also implies Solution 3  requires new UE capability i.e. the UE must have the capability to be active in both E-UTRA/UTRA and WLAN

	AT&T
	Solution 1: Both idle and connected mode UEs fulfil the requirement in that the UE only needs to scan when it meets the conditions that are specified by policy and the RSRP/RSCP thresholds indicated by the network.  This may result in a good amount of battery savings. Since Solution 1 has the ability for the RAN to transmit the network assistance information even when UEs are in the idle mode, this utilizes less battery consumption than if the UE is required to transition to the connected mode.  In many cases the UE will not be transitioned to the WLAN until the cellular load reaches a certain level of load or the RSSI is reaching a level that will require off-loading to the WLAN. 
Solution 3: In extremely congested situations, it would seem that Solution 3 would require more battery consumption, due to additional UE measurements and UE reporting to and receiving directions from the network.

	CATT
	Under the network control, the UE may avoid to perform useless WLAN scanning/discovering which could reduce power consumption. Solution 3 could fulfill the requirement.

	Orange
	In Solution 3 network may decide to configure WLAN measurements only when needed (high 3GPP network load, UE at the cell edge…). Other UEs are not obliged to perform measurements, so their power consumption may be decreased. 
Solution 3 does not require UE connected to WLAN to be kept in RRC Connected mode. IDLE UE may be configured with thresholds telling it when to connect to 3GPP network and steer traffic back to 3GPP.

	Broadcom
	With all solutions, the energy required to scan and disclover WLAN is likely to be similar. With Solution 3, there may be additional power consumption  in sending measurment reports and handling idle mode.

	ETRI
	Solution 1 & 2: maintains UE battery consumption since the periodic WLAN measurements may be reused.
Solution 3: increases UE battery consumption by additional periodic measurement reports and state tansition from IDLE to CONNECTED.

	China Unicom
	All the solutions can fulfill this requirement by well-designed WLAN scaning.
In Solution 3,  WLAN scanning can be controlled by network. UE power consumption, thus, can be decreased 

	ITRI
	Solution 1 could provide power savings due to reduction of scanning of WLANs when the threshold provided by RAN indicates UE to stay with 3GPP.

	Kyocera
	In prinicple, all 3 solutions can fulfill the requirement. 
Solutions 1 & 2 satisfy the requirement by allowing the UE to take into account of its battery level as part of the traffic steering process.  Also 3GPP network could provide the UE with its intention for WLAN offloading to further reduce unnecessary scanning of WLAN
Solution 3 satisfies the requirement by selecting UEs only when traffic steering to WLAN is needed. However, further enhancement may be needed if the network were to also take into account of the battery level prior to UE selection. 

	KDDI
	From UE power consumption perspective, all 3 solutions have a similar performance. All 3 solutions can fulfill this requirement.

	Nokia Corporation / Nokia Siemens Networks
	Solutions 1 & 2: Seems to maintain todays UE battery consumption
Solution 3: UE power consumption is increased, because in order to the get the UE back from WLAN the UE needs to be in connected state in cellular. In addition the UE knows better than network when it should scan / measure WLAN so most likely battery consumption is increased, because of the more frequent WLAN measurements. 

	Deutsche Telekom
	In principle all 3 solutions can adresse this issue in a good or better way. Especially solution 3 provides the best optimisation as the cellualr network controls the activity of the UE’s WLAN (e.g. search only where necessary).

	RIM
	In addtion to WLANs operated by an operator, the UE needs to continue to scan and detect WLANs prefered by end users and provided by enterprises, etc. We believe all the solutions can rely on implementation to save sufficient battery consumption while scanning and detecting WLANs. 
Concerning Solution 3,more battery is consumed because an RRC connection needs to be maintained and measurement reporting is required for traffic steering to and from WLAN to 3GPP RAN.

	Coolpad
	The solution can fulfill this requirement if network have the enough control for network selection. Smart WLAN Scanning mechanism is also necessary. At least, the solution 3 could fulfill this requirement.

	ZTE
	Solution 1 & 2 maintains UE battery consumption.
Solution 3 can reduce UE battery consumption. UE will not initiate the WLAN measurement until receiving the command from eNB. And eNB can decide whether the WLAN measurement should be initiated according to the UE’s position information, load information, UE’s traffic status (with heavy traffic or not), and some other factors.

	Huawei, HiSilicon
	Any solution requires some UE power consumption to measure WLAN.
Compared to solutions 1/2, solution 3 can provide smaller power consumption by avoiding WLAN measurements for UEs which the RAN considers not beneficial/desirable to offlad (e.g. only background traffic, too high mobility, enough other UEs to offload), i.e. the vast majority of UEs, 
With solution 3, only UEs with high traffic volumes will be requested to do WLAN measurements, i.e.the additional UE power consumption and radio resource overhead for RRC signalling is negligible.


Requirement 5 
Solutions should be compatible with all existing CN WLAN related functionality, e.g. seamless and non-seamless offload, trusted and non-trusted access, MAPCON and IFOM.
Additionally, the following features may be relevant:
1. Support for IP flow mobility
2. Handling of user preferences
3. Handling of roaming UEs in case ANDSF is deployed by one of the roaming partners 
4. Support for IDLE and CONNECTED modes
	Solution
	How the solution fulfills the requirement

	Solution 1
	Yes, solution keeps current architectural principles of WLAN interworking and thus fully supports all existing CN functionality, including ANDSF, roaming, MAPCON, IFOM and SaMOG. Therefore, IP flow mobility can be supported and roaming UEs can be handled without any conflicts. Additionally, solution takes into account user preferences which are required by current CN specifications. Furthermore, the solution also supports both idle mode and connected mode.

	Solution 2
	Solution 2 uses RRC as a control plane solution to manage where the traffic is steered between the RAN and WLAN. As such, just like the ANDSF-based traffic steering, RRC signaling in the control plane will be compatible with existing CN WLAN related functionality to support IP flow mobility. 
Regarding ANDSF, the following options are possible:
o	ANDSF policies may be updated to account for the RAN solution, e.g., a flag in the policy to indicate whether the RAN solution applies or is ignored
o	RANmay be provided with relevant ANDSF info (e.g. by UE or CN) and steer the traffic appropriately
Thus, no issue is foreseen.

	Solution 3
	Solution 3 uses RRC as a control plane solution to manage where the traffic is steered between the RAN and WLAN. As such, just like the ANDSF-based traffic steering, RRC signaling in the control plane will be compatible with existing CN WLAN related functionality to support IP flow mobility. 
Regarding ANDSF, the following options are possible:
o	ANDSF policies may be updated to account for the RAN solution, e.g., a flag in the policy to indicate whether the RAN solution applies or is ignored
o	eNB may be provided with relevant ANDSF info (e.g. by UE or CN) and steer the traffic appropriately
o	UE may take ANDSF info into consideration during reporting



Please indicate whether in your view each solution fulfils this requirement. If the answer is no, please elaborate why this is not the case.
	Company
	Comments

	Ericsson/ST-Ericsson
	All solutions fulfill this requirement.

	Alcatel-Lucent
	Solution 1 definitely fulfils this requirement as it uses the existing CN solutions (i.e. roaming, ANDSF) and routing procedure to achieve load balancing between WLAN and 3GPP
Solution 2: RAN cannot steer IP flow as it only knows per UE in idle mode and per radio bearer in connected mode which is incompatible to the existing CN solutions like IFOM which is per IP flow. Also it is unclear to us how the solution takes into consideration of user preferences and the roaming UE in the decision. Furthermore, in the current description of Solution 2, it is down to RAN to decide whether UE should perform traffic steering at the UE AS or UE NAS/ANDSF based on RAN knowledge of the ANDSF info. However, it is unclear to us how the RAN knows the relevant ANDSF info, particular from the CN and how the RAN can resolve the conflict between the ANDSF and the RAN decision based on the info. More information is probably needed to allow for further analysis.
Solution 3: Again, RAN cannot steer IP flow as it only knows per UE or per radio bearer in connected mode which is incompatible to the existing CN solutions like IFOM which is per IP flow. Also it is unclear to us how the solution takes into consideration of user preferences and the roaming UE in the decision. Furthermore, it only allows traffic steering in Connected mode and not in idle mode which is incompatible with the current traffic steering mechanism which allows for traffic steering in both modes. It is also unclear how the RAN can resolve the conflict between the ANDSF and RAN decision based on the info. More information is probably needed to allow for further analysis.

	Intel Corporation
	Solution 1: fulfills this requirement.
Solution 2: may fulfill this requirement, but additional clarifications related to interactions with ANDSF and IFOM are needed.
Solution 3: Does not support flow level traffic steering as the network has no visibility on flows/applications. Does not support idle mode. Either does not support user preferences and ANDSF, or if user pefeferences and ANDSF may override network command solution 3 gains and benefits are not clear. It is not clear how this solution may “take ANDSF info into consideration during reporting”. According to recently agreed by SA2 solution #10 (see TR 23.865) in certain cases UE prefers HPLMN rules over VPLMN rules and in certain cases it prefers VPLMN rules. It is not clear how solution 3 can provide the same level of flexibility.

	Samsung
	Solution 1: fulfills the requirement.
Solution 2: partially fulfills the requirement: it cannot support NSWO (non-seamless WLAN offload) or  IFOM, as RAN cannot know/steer IP flows, but only bearers.
Solution 3: does not fulfill the requirement: It has the same problem as solution 2. In addition to that, solution 3 also needs to solve the case that an UE has the ANDSF policy/user preferences which conflicts with the command from RAN,

	CMCC
	All solutions fulfill the requirement.

	InterDigital
	Solution 1: Solution 1 fulfils this requirement.
Solution 2: It is not clear how Solution 2 fulfils this requirement e.g. it not clear how the solution handles user preferences or local settings since the RAN may set the priority between RAN and WLAN. 
Solution 3: It is not clear how solution 3 fulfils this requriement. For example, RAN has no knowledge of traffic flow template or packet filters mapped to a given bearer and therefore Solution 3 cannot support WLAN integration at IP flow level. Solution 3 doesn’t support idle mode and it is not clear how user preferences are taken into account.

	AT&T
	Solution 1: Solution 1 fulfils this requirment.
Solution 3: It is not clear how Solution 3 can meet Requirement 5 for MAPCON and IFOM.

	CATT
	All solutions can fulfill the requirement.

	Orange
	All solutions fullfil this requirement.

	Broadcom
	Solution 1: fulfills this requirement. Solution 1 uses the existing CN solutions (i.e. roaming, ANDSF) and routing procedurse to achieve load balancing between WLAN and 3GPP.( ANDSF is now extended also to support HotSpot)
Solution 3 violates the requirement by being *incompatible* with existing CN WLAN related functionality, especially IFOM/MAPCON. Performing flow level traffic steering at RAN level can potentially violate the IFOM/MAPCON functionality. In addition, it’s not clear how flow level traffic steering can be performed at RAN level, as the network has no visibility about flows/applications. 
Solution3 also does not take in account any of WLAN provisionning protocol such as HotSpot2.0, which can be problematic.

	ETRI
	Solution 1 & 2: fulfill this requirement.
Solution 3: has a difficulty of fulfiling this requirement since RAN can’t support flow level offloding because it doesn’t have IP flow level information.

	China Unicom
	All solution fulfull this requirement

	ITRI
	Solution 1:  The solution only requires some changes such as RAN assistance information to the UE and it could compatible with all existing CN WLAN related functionality, e.g. seamless and non-seamless offload, trusted and non-trusted access, MAPCON and IFOM.

	Kyocera
	Solutions 1 & 2  fulfill the requirement since the UE may decide which IP flow is steered based on ANDSF info.  In principle, solution 3 would also work if the eNB has ANDSF information; however, it isn’t clear how the eNB obtains ANDSF information and whether the UE would already have this information.  

	KDDI
	All solutions can fulfill the requirement.

	Nokia Corporation / Nokia Siemens Networks
	Solution 1&2: Seems to fulfill this requirement, although it is not clear how solution 1 would work if ANDSF is not available. 
Solution 3: Seems to be incompatible with IFOM/MAPCON functionality. In addition, it’s not clear how flow level traffic steering can be performed at RAN level. 

	Deutsche Telekom
	All solutions fullfill this requirement.

	RIM
	Solution 1 fulfils this requirement.
Solutions 2 and 3 do not fulfill the requirement:
· Per bearer traffic routing does not support the necessary per IP flow granularity in traffic routing which is supported in IFOM.  IFOM allow IP flows (even of the same QoS) to be routed over different access technologies.
· Does not work for the scenario where WLAN service is provided by HPLMN (or partner thereof) whilst cellular service is provided by a VPLMN and where ANDSF rules provided by the HPLMN (H-ANDSF rules) are configured to be active.  In this situation it will be unacceptable to the home operator for the VPLMN RAN to control traffic routing (which is what would be necessary with Solution 2 or 3).  In contrast, Solution 1 can easily enable additional RAN assistance information to be taken into account in this scenario through application in the UE of the RAN assistance enhanced H-ANDSF rules. 
· Unclear how the solutions take user preferences into account.
· Unclear how conflicts between traffic routing provided by the CN in ANDSF and the traffic routing preferences of the RAN are resolved.


	Coolpad
	All solutions fullfill the requirement

	ZTE
	All solutions fullfil this requirement.

	Huawei, HiSilicon
	All solutions rely on the existing CN mobility procedure already used for IFOM, MAPCON and NSWO and as such they fulfil the requirement.


Requirement 6 
Solutions should be backward compatible with existing 3GPP and WLAN specifications, i.e. work with legacy Ues even though legacy Ues may not benefit from the improvements provided by these solutions.
	Solution
	How the solution fulfills the requirement

	Solution 1
	Yes, the solution is backward compatible with existing 3GPP and WLAN specifications. For example, if ANDSF MO is updated as suggested in the solution 1, the updated parts of ANDSF MO will be ignored by legacy Ues.

	Solution 2
	No impact on legacy Ues.

	Solution 3
	There is no impact on legacy Ues in this solution and legacy Ues will not benefit from this solution.



Please indicate whether in your view each solution fulfils this requirement. If the answer is no, please elaborate why this is not the case.
	Company
	Comments

	Ericsson/ST-Ericsson
	All solutions fulfill this requirement.

	Alcatel-Lucent
	All solutions fulfil this requirement

	Intel Corporation
	All solutions fulfill this requirement.

	Samsung 
	All solutions fulfill the requirement.

	CMCC
	All solutions fulfill the requirement.

	InterDigital
	Solution 1 fulfils this requirement.

	AT&T
	Solution 1: Solution 1 fulfils this requirment.

	CATT
	All solutions fulfill the requirement.

	Orange
	All solutions fulfill the requirement.

	Broadcom
	Solution 1 fulfils this requirement.

	ETRI
	All solutions fulfill this requirement

	China Unicom
	All solutions fullfill this requirement.

	ITRI
	Solution 1:  It works well with legacy UEs

	Kyocera
	All solutions fulfill this requirement.

	KDDI
	All solutions can fulfill the requirement.

	Nokia Corporation / Nokia Siemens Networks
	All solutions fullfill this requirement.

	Deutsche Telekom
	All solutions fullfill this requirement.

	RIM
	All solutions fulfill the requirement.

	Coolpad
	All solutions fulfill the requirement.

	ZTE
	All solutions fulfill this requirement

	Huawei, HiSilicon
	All solutions fulfill this requirement.


Requirement 7 
Solutions should rely on existing WLAN functionality and should avoid changes to IEEE and WFA specifications.
	Solution
	How the solution fulfills the requirement

	Solution 1
	Yes. Solution reuses existing 802.11-2012 Ies such as “BSS load” and WiFi Alliance Passpoint “WAN metric”.

	Solution 2
	No impact on IEEE or WFA specifications.

	Solution 3
	The standards changes required by solution 3 are exclusively toward  3GPP specifications.



Please indicate whether in your view each solution fulfils this requirement. If the answer is no, please elaborate why this is not the case.
	Company
	Comments

	Ericsson/ST-Ericsson
	All solutions fulfill this requirement.

	Alcatel-Lucent
	For Solution 2 (for UE in connected mode) and 3, it is unclear to us how the traffic steering back from WiFi works – is it per UE or per bearer traffic steering. If it is per bearer, it will require some knowledge of how to do it and this may have impact to IEEE or WFA specifciations.

	Intel Corporation
	All solutions fulfill this requirement.

	Samsung
	All solutions fulfill this requirement.

	CMCC
	All solutions fulfill the requirement.

	InterDigital
	Solution 1 fulfils this requirement.

	AT&T
	Solution 1: Solution 1 fulfils this requirement.

	CATT
	All solutions fulfill the requirement.

	Orange
	All solutions fulfill the requirement.

	Broadcom
	All solutions fulfill the requirement.

	ETRI
	All solutions fulfill this requirement.

	China Unicom
	All solutions fulfill this requirement.

	ITRI
	Solution 1:  The solution relies on the information that can be made available to UE via existing functionalities in IEEE 802.11-2012 and/or WFA and does not require any changes to the IEEE 802.11-2012 and/or WFA, which anyway is out of our scope.

	Kyocera
	All solutions fulfill this requirement.

	KDDI
	All solutions can fulfill the requirement.

	Nokia Corporation / Nokia Siemens Networks
	All solutions fullfill this requirement.

	Deutsche Telekom
	For solution 1 is is not clear where the UE behaiour is being specified in order to ensure testable and predicatable UE behaviour. In case RAN2 decides to select solution 1, Deutsche Telekom prefers that this part is specified in 3GPP specifications.

	RIM
	We agree with ALU

	Coolpad
	All solutions fulfill the requirement.

	ZTE
	All solutions fulfill this requirement.

	Huawei, HiSilicon
	All solutions fulfill this requirement.


Requirement 8 
Per target WLAN system distinction (e.g. based on SSID) should be possible.

	Solution
	How the solution fulfills the requirement

	Solution 1
	Yes, policies specific to a target WLAN system (e.g. SSID, realm, etc.) can be configured or pre-provisioned.

	Solution 2
	By providing white list (or black list) consists of WLAN service set identifiers by RAN, rough WLAN system distinction is possible. With the list, the UE can avoid trying to connect to WLAN outside of cells in the list (or avoid connecting to WLAN within the list). It is also possible by provision of per SSID-thresholds.
In addition, Solution 2 could rely on ANDSF information which allows for WLAN specific system for offloading.  RAN policy may also make use of existing ANDSF policies.

	Solution 3
	The measurement control and/or the traffic steering command can indicate a specific WLAN (e.g. based on SSID) for reporting measurement events by the UE.



Please indicate whether in your view each solution fulfils this requirement. If the answer is no, please elaborate why this is not the case.
	Company
	Comments

	Ericsson/ST-Ericsson
	Solution 1: Not clear how load signalling can work. Will RAN indicate that it is loaded differently w.r.t. different WLANs, i.e. is the RAN 73 % loaded w.r.t. WLAN_A but 16 % loaded w.r.t. WLAN_B?
Solution 2: Possible by per-WLAN thresholds.
Solution 3: Possible by per-WLAN thresholds and by WLAN identifier in measurement report.

	Alcatel-Lucent
	Solution 1: As mentioned in the fulfilment column of Solution 1, policies can be set specific to a target WLAN system. Using ISMP as an example, the ValidityArea can be set to a specific target WLAN which will make the rule of ISMP specific to the target WLAN. 

	Intel Corporation
	Solution 1: fulfills this requirement by providing policies specific to target WLAN system.
Solution 2: fulfills this requirement, however the OAM burden of configuring WLAN ssids and other parameters in all eNBs/RNCs is significant.
Solution 3: same as solution 2.

	Samsung
	Solution 1: fulfills the requirement.
Solutions 2 & 3: fulfill the requirement, but require all eNBs/RNCs to maintain the WLAN ssids info by using e.g. OAM. (If ANDSF is utilized, an operator only needs to manage the ANDSF server.)

	CMCC
	All solutions can fulfill the requirements.

	InterDigital
	Solution 1: Solution 1 fulfils this requirement as policy specific to a target WLAN system can be provisioned. Furthermore, both RAN and WLAN load and signal strength thresholds can be set on a per target WLAN system basis.

	AT&T
	Solution 1: User’s traffic can be directed to specific SSID’s based on policy; so this fulfils this requirment.
Solution 3:  It is not clear if Solution 3 will need additional 3GPP nodes, e.g. eNB/RNC to interact with WLAN nodes. This includes tightly coupled WLAN as well as loosely coupled WLAN.  If needed, this might over complicate the operator’s existing mobile network.

	CATT
	All solutions fulfill the requirement.

	Orange
	All solutions fulfill the requirement.

	Broadcom
	Solution 1: Fulfill the requirement.
Solutions 2 & 3: it is required that all eNBs/RNCs maintain WLAN SSIDs information, e.g., via  OAM. 

	ETRI
	Solution 1: all solutions fulfill the requirement.
But, in Solution 2 & 3, it is needed to provide a method to acquire and maintain WLAN identification information.

	China Unicom
	All solutions fulfill this requirement

	ITRI
	Solution 1:  Per target WLAN system distinction is possible by providing UE different rules for different WLAN systems and the UE follows these rules

	Kyocera
	All solutions fulfill this requirement.

	KDDI
	All solutions can fulfill the requirement.

	Nokia Corporation / Nokia Siemens Networks
	Solution 1: It is not clear how this requirement can be fulfilled without ANDSF
Sulution 2 & 3: Seems to fulfill this requirement.

	Deutsche Telekom
	All solutions fullfill this requirement.

	RIM
	Solution 1 fulfills the requirement by enabling configuration of target WLAN specific policies, e.g. using ANDSF.
Solution 2 and 3 require WLAN list managements within RAN and needs to consider changes to WLAN node labelling e.g. use of realms and PLMN by HS2.0.

	Coolpad
	All solutions fulfill the requirement

	ZTE
	All solutions fulfill the requirement.

	Huawei, HiSilicon
	All solutions fulfill this requirement.


Requirement 9 
Per-UE control for traffic steering should be possible.

	Solution
	How the solution fulfills the requirement

	Solution 1
	Yes, policies specific to a UE subscription can be configured or pre-provision. Optionally assistance information specific to a UE may be provided via dedicated signalling. Such assistance information may contain a specific threshold value which always satisfies offloading condition to WLAN or 3GPP RAN.

	Solution 2
	Possible by providing a dedicated assistant information for each UE via dedicated signalling.

	Solution 3
	The RRC procedures can be invoked per UE.



Please indicate whether in your view each solution fulfils this requirement. If the answer is no, please elaborate why this is not the case.
	Company
	Comments

	Ericsson/ST-Ericsson
	Solution 1: Not clear how load signalling can work. Will RAN be loaded differently for different UEs, i.e. is RAN loaded 73 % seen by UE X and 16 % seen by UE Y?
Solution 2: Possible by per-UE thresholds.
Solution 3: Possible by per-UE traffic steering decisions and by considering measurement reports from individual UEs.

	Alcatel-Lucent
	Solution 1: Policies specific to a UE subscription can be configured (via ANDSF) or pre-provisioned. As described in Solution 1, optionally assistance information specific to a UE can also be provided. This can be done either via UE specific thresholds or just changing the cell load for that UE. 

	Intel Corporation
	Solution 1: fulfills this requirement by providing per-UE policies or per-UE RAN assistance information via dedicated signalling.
Solution 2: fulfills this requirement.
Solution 3: fulfills this requirement.

	Samsung
	All solutions fulfill the requirement.

	CMCC
	All solutions fulfill the requirement.

	InterDigital
	Solution 1: Solution 1 fulfils this requirement  since per-UE thresholds can be signaled to the UE using dedicated signaling.

	AT&T
	Solution 1: Fulfils the requirement, via the following means: 1) per-UE thresholds can be signaled using dedicated signaling. 2) per UE based ANDSF policy.

	CATT
	All solutions fulfill the requirement.

	Orange
	Only Solution 3 fulfills this requirement by sending dedicated steering commands to UEs based on the UE measurement reports.
In Solution 1 and 2 even though a dedicated threshold is sent, UE may not be offloaded since WLAN RSSI and/or load is not known to the network. Additionally in Solution 1 UE policy is not known to RAN, so it is even more doubtful how per-UE traffic steering can work.

	Broadcom
	Solution 1 fulfils this requirement.

	ETRI 
	All solutions fulfill the requirement.

	China Uniocom
	Solution 3 fulfils this requirement.
In solution 1 and 2, the decision to streeing is made by UE. UE behavior is out of network control. 

	ITRI
	Solution 1:  Per-UE thresholds could be provided via dedicated signalling which allows per-UE control for traffic steering.

	Kyocera
	All solutions fulfill this requirement.

	KDDI
	All solutions can fulfill the requirement.

	Nokia Corporation / Nokia Siemens Networks
	All solutions fullfill this requirement.

	Deutsche Telekom
	All solutions fullfill this requirement.

	RIM
	Solution 1 and 2 can fulfill the requirement through provision of  per-UE policy information.
Solution 1 and 2 could fulfill the requirement by per-UE assistance information. However, whether there is a need for this should be investigated further.
Solution 3 fulfills the requirement by steering command in non-roaming scenarios and some roaming scenarios, but not in other roaming scenarios.

	Coolpad
	All solutions fulfill the requirement

	ZTE
	It’s not clear how solution 1 fulfill the requirement since the behavior of UE is not predictable and testable.
Solution 2 may fulfill the requirement by dedicated signalling.
Solution 3 can fulfill this requirement by dedicated steering commands.

	Huawei
	Solution 1/2 do not fulfill this requirement: even if each UE had a different ANDSF policy or dedicated thresholds, the RAN has no possibility to e.g. offload a single UE.
Solution 3 fulfills this requirement by sending dedicated steering commands,


Requirement 10 
Solutions should ensure that access selection decisions should not lead to ping-ponging between UTRAN/E-UTRAN and WLAN.
	Solution
	How the solution fulfills the requirement

	Solution 1
	Yes, via mechanisms indicated in Section 6.1.1.1.  In addition evaluation of thresholds provided by RAN assistance information along with the configured policy avoids simultaneous massive access network selection/traffic steering.

	Solution 2
	By utilizing randomization (e.g. UE performs random backoff before testing whether the target cell is accessible or not) and providing a dedicated assistant information (e.g. threshold) for each Ues, ping-ponging problem can be alleviated. Whether there is necessity for more mechanism to resolve ping-ponging besides above mechanism requires further study.

	Solution 3
	Since the 3GPP access is making the traffic steering decision, ping-ponging can be properly configured and/or controlled by RAN. 
For example, the network can configure proper UE offloading thresholds/conditions, or keep the UE in connected mode (after offloading to WLAN) to ensure that ping-pong does not occur.



Please indicate whether in your view each solution fulfils this requirement. If the answer is no, please elaborate why this is not the case.
	Company
	Comments

	Ericsson/ST-Ericsson
	There is a risk of ping-ponging when the access selection is done by comparing load between nodes as a change in load will trigger access selection.
Ping-ponging can be alleviated to some extent with a randomization mechanism, however limitations are foreseen. For example, due to randomization, a UE with heavy traffic might remain in 3GPP while the one generating almost no traffic offloaded to WLAN, which doesn’t help that much if the 3GPP network was overloaded and the aim was to do load balancing.
Solution 1: Risk of ping-ponging.
Solution 2: As the 3GPP network is not broadcasting the load, the risk of ping-ponging is lower.
Solution 3: No ping-ponging effects foreseen as the 3GPP network can refrain from sending too many Ues to a WLAN and hence avoid that a specific WLAN gets overloaded.

	Alcatel-Lucent
	Solution 1: Different load/signal strength thresholds can be used to avoid such ping-pong while randomisation can avoid mass movement of Ues from one access to another.  The decision is made by a single algorithm.
Solution 2: Ping-pong may occur depending on how the conflict between ANDSF and the RAN preference is resolved, Like Solution 1, some form of randomisation is required to avoid mass movement of Ues and use different load/signal strength thresholds to prevent ping-pong. .
Solution 3: Ping-pong may occur depending on how the conflict between ANDSF and the RAN preference is resolved. Depending on how traffic is brought back to 3GPP and traffic steering is done in Idle mode, it is not clear if a common algorithm or common set of information is possible; if decisions are at different nodes based on different information, it is very difficult to prevent ping-pong. 

	Intel Corporation
	Solution 1: fulfills this requirement as described in the TR. Randomization does not mean that some heavy users will remain on LTE, it just means that not all users will move simultaneously. 
Solution 2: per the description of solution 2 in the TR, RAN also broadcast the load. Solution 2 can fulfill this requirement using randomization as in solution 1, if the conflict between ANDSF and RAN policies can be resolved.
Solution 3: Depending on the exact flavor of solution 3 there are different scenarios that may cause pign-pong. Ping-pong may occur when there is a conflict between the command received from the network and user preferences/ANDSF rules/idle mode solution (if used).

	Samsung
	Solutions 1 & 2: fulfill  the requirement.
Solution 3: does not fulfill the requirement in case that an UE has the ANDSF policy/user preferences which conflicts with the command from RAN,

	CMCC
	Solution 2/3 can fulfill the requirement and it is testable. Maybe solution 1 also can fulfill the requirement but it is hard to test.

	InterDigital
	Solution 1: The network controls ping-pongs and mass-movement. In Solution 1, ping-pongs are avoided as the network signals to the UE (via broadcast or dedicated signaling) hysteresis values for the thresholds or different threshold values for 3GPP-to-WLAN than WLAN-to-3GPP network selection. Mass-movement is avoided through randomization and in order to avoid UE with heavy traffic remaning on 3GPP RAN as a result of randomization, UE with heavy traffic may be targeted for offload with RAN assistance  information signaled to the UE through dedicated signaling.
Solution 2: Not clear how Solution 2 fulfils this requirement since it is not clear how the rules provided by the RAN co-exist with ANDSF and it is not clear how the UE behaves when the rules provided by RAN conflicts with the rules from ANDSF.
Solution3: Agree with Alcatel-Lucent. Ping-pong may occur depending on how the conflict between ANDSF and the RAN preference is resolved

	AT&T
	Solution 1:  In solution 1, network can provide a randomization factor and hysteresis values signaled to the UE for both 3GPP to WLAN and WLAN to 3GPP network selections.  In addition, user subscription based policy regarding traffic steering can also help minimize ping-ponging.  
Solution 3: Agree with Samsung that if there is a conflict with ANDSF and RAN preferences, there may be a problem.

	CATT
	For solution 1, there is a risk of ping-pong. Some enhancement may be done by the UE to avoid it. How to test is a problem.
Solution 3 fulfills the requirement.

	Orange
	Solution 1 and 2 do not fulfill this requirement. Randomization may only mitigate the problem, but will lead to non-optimal traffic distribution between systems and makes these solutions even more unpredicatble.
Thanks to dedicated traffic steering commands Solution 3 realizes this requirement easily.

	Broadcom
	Solution 1: fulfills the requirement.
Solution 3: Has potential conflict with ANDSF,HotSpot , User preference, WLAN connectivity status and RAN preferences, 

	ETRI
	Solution 1: There has a potential problem to lead to ping-pong.
Solution 2 & 3: depends on the relation with ANDSF.

	China Unicom
	Solution 3 fulfills this reqiurement. 
In solution 1 and 2, certain solution is needed to avoid ping-ponging.

	ITRI
	Solution 1: Rules provided to UE from ANDSF could be defined to alleviate problems caused by ping-ponging.

	Kyocera
	For Solutions 1 and 2, mechanisms such as randomization can be applied to mitigate the effect of ping-pong.  
For Solution 3, if IDLE UEs (UEs connected to WLAN only) needs to steer traffic back to 3GPP RAN, they need to transition to Connected first before 
traffic can be steered back to 3GPP RAN.  This may require excessive RA resources and ping-pong may still occur. 

	KDDI
	Solution 1: Agree with AT&T that a randomization factor and user subscription based policy regarding traffic steering can help minimize ping-ponging.
Solution 3: Agree with Samsung and AT&T that if there is a conflict with ANDSF and RAN preferences, there may be a problem.

	Nokia Corporation / Nokia Siemens Networks
	Solution 1: UE behavior is not predictable if ANDSF MO is not provided to UE
Solution 2&3: Setting the WLAN measurement threshold migth be difficult, because measurements of differents UEs are not comparable, which could cause ping pong between systems. 

	Deutsche Telekom
	All solutions can fullfill this requirement. Randomisation and conflict avoidance are required to the different soltions. Conflict avoidance is possible by taking the assumption that RAN control has always higher preference. 

	RIM
	Solution 1 can deal with ping pong by providing hysteresis values in RAN assistance information. 
In solution 2 and 3, there may be conflict between ANDSF and RAN policy or steering command, which may cause ping pong.

	Coolpad
	Solution 3 fulfills this reqiurement
For the solution 1 some risks of ping-pong are observed.

	ZTE
	Solution 3 fulfills the requirement.
Solution 1/2 may fulfill the requirement, but the solution may have negative impact on the user experence (e.g. the offload procedure may be delay by the randomization).

	Huawei, HiSilicon
	Solution 1: The mechanisms proposed to avoid ping-pong have important shortcomings:
- they require precise-enough UE requirements to be specified for the rules in order to allow conformance testing (e.g. when exactly the rules are executed), which does not exist today for ANDSF
- no sure whether the hysteresis is compatible with the existing ANDSF framework that includes priority per access e.g. A:1, B:2 but no rule for A->B or B->A.
- hysteresis or randomization must be large enough to avoid massive steering/ping-pong when there are many UEs but this can prevent offload when they are less UEs (still causing a lot of traffic)
Solution 2: Similar to solution 1.
Solution 3: Provided solution 1/2 is not used for idle UEs, there is no ping pong. So far, no motivation to deploy ANDSF and solution 3 in the same PLMN was raised.



3. Summary
21 companies participated in this email discussion and provided their views.
There is a consensus or clear majority opinion that all the solutions fulfil the following requirements:
Requirement 6: “Solutions should be backward compatible with existing 3GPP and WLAN specifications, i.e. work with legacy UEs even though legacy UEs may not benefit from the improvements provided by these solutions.”

Requirement 7: “Solutions should rely on existing WLAN functionality and should avoid changes to IEEE and WFA specifications.”

Regarding the rest of the requirements, some concerns were raised by different companies as outlined below.
Requirement 1: “Solutions should provide improved bi-directional load balancing between WLAN and 3GPP radio access networks in order to provide improved system capacity.”
Solution 1 – predictability, testability and whether load balancing is optimal from system level perspective
Solution 2 –interaction with ANDSF, predictability when ANDSF is deployed
Solution 3 –interaction with ANDSF, predictability when ANDSF is deployed, load balancing in idle mode, excessive signalling, load balancing from WLAN to 3GPP, flow-level granularity for  load balancing, predictability due to lack of WLAN measurement calibration
Strictly speaking none of the above concerns prevent bi-directional load balancing, except for certain flavour of solution 3 which does not support traffic steering in idle mode, i.e. UE is required to enter connected mode before traffic can be steered from WLAN to LTE. Despite these concerns, it seems that all solutions support bi-directional load balancing, however neither solution is optimal. 
Requirement 2: “Solutions should improve performance (WLAN interworking should not result in decreased but preferable in better user experience).”
Solution 1 –predictability, especially without ANDSF whether performance improvements are optimal from system level perspective, massive traffic steering events
Solution 2 –predictability, interaction with ANDSF, whether performance improvements are optimal when ANDSF is deployed, whether performance improvements are optimal from system level perspective, massive traffic steering events
Solution 3 –predictability, interaction with ANDSF, whether performance improvements are optimal (due to conflicts with ANDSF when  deployed, due to lack of WLAN measurement calibration, user experience a may not be accounted for due to lack of visibility into internal UE state, lack of control over individual flows, and due to measurements being out of date), signalling overhead, power consumption
Despite many concerns it seems that all solutions provide some performance improvements, however, without further analysis, it is hard to quantify which one is superior. 
Requirement 3: “Solutions should improve the utilization of WLAN when it is available and not congested.”
Solution 1 – massive traffic steering events, predictability, operation without ANDSF, lack of precise control of specific UE
Solution 2 – massive traffic steering events, predictability, interaction with ANDSF, lack of precise control of specific UE
Solution 3 – steering traffic from WLAN to 3GPP, lack of visibility into internal UE state, lack of WLAN measurement calibration, signalling overhead
Overall, despite some concerns, it seems that all solutions improve WLAN utilization, however, without further analysis, it is hard to quantify which one is superior. 
Requirement 4: “Solutions should reduce or maintain battery consumption (e.g. due to WLAN scanning/discovery).”
Solution 1 –, ANDSF message exchange overhead
Solution 2 – interactions with ANDSF 
Solution 3 – no support for idle mode in some flavours, signalling overhead in other flavours
While majority of the companies think that all solutions at least maintain power consumptions, some concerns were raised for each one of them. At the same time it was noted that all solutions provide some for scanning optimizations. It was also noted that RAN2 have already agreed to de-prioritize this topic.
Requirement 5: “Solutions should be compatible with all existing CN WLAN related functionality, e.g. seamless and non-seamless offload, trusted and non-trusted access, MAPCON and IFOM.”
Solution 1 – All companies think that Solution1 fulfils the requirement. 
Solution 2 – IFOM, user preferences, interaction with ANDSF, NSWO
Solution 3 – IFOM, user preferences, interaction with ANDSF, roaming, idle mode support, NSWO, MAPCON
All companies agree that solution 1 fulfils this requirement.
Requirement 8: “Per target WLAN system distinction (e.g. based on SSID) should be possible.”
Solution 1 – deployment without ANDSF
Solution 2 – OAM impact
Solution 3 – OAM impact, network nodes load 
The majority of the companies think that all solutions fulfil this requirement, with some concerns shown above.
Requirement 9: “Per-UE control for traffic steering should be possible.”
Solution 1 –knowledge of WLAN load/signal quality by 3GPP network, no precise control of a specific UE by the network
Solution 2 – knowledge of WLAN load/signal quality by 3GPP network, no precise control of a specific UE by the network
Solution 3 – handling of roaming scenario
The majority of the companies seem to think that all solutions fulfil this requirement, with some concerns shown above.
Requirement 10: “Solutions should ensure that access selection decisions should not lead to ping-ponging between UTRAN/E-UTRAN and WLAN.”
Solution 1 – risk of ping-pong due to autonomous UE behaviour, randomization can be introduced but may lead to less optimum performance.
Solution 2 – risk of ping-pong due to conflicts between RAN and ANDSF rules, and due to autonomous UE behaviour, randomization can be introduced but may lead to less optimum performance.
Solution 3 – risk of ping-pong due to conflicts between RAN and ANDSF rules, user preferences and idle mode solution
It seems that all solutions have a risk of ping-pong, however companies seem to believe that there are ways to mitigate it. Further analysis is required to determine effectiveness.
Conclusions
It is hard to draw any definitive conclusion based on the inputs received. Many concerns, especially these related to performance are hard to quantify. However, it seems that despite concerns companies believe that all solutions fulfil at least the following requirements:
Requirement 1: “Solutions should provide improved bi-directional load balancing between WLAN and 3GPP radio access networks in order to provide improved system capacity.”
Requirement 2: “Solutions should improve performance (WLAN interworking should not result in decreased but preferable in better user experience).”
Requirement 3: “Solutions should improve the utilization of WLAN when it is available and not congested.”
Requirement 4: “Solutions should reduce or maintain battery consumption (e.g. due to WLAN scanning/discovery).”
Requirement 6: “Solutions should be backward compatible with existing 3GPP and WLAN specifications, i.e. work with legacy UEs even though legacy UEs may not benefit from the improvements provided by these solutions.”
Requirement 7: “Solutions should rely on existing WLAN functionality and should avoid changes to IEEE and WFA specifications.”
Requirement 8: “Per target WLAN system distinction (e.g. based on SSID) should be possible.”
Requirements listed below may need further discussion:
Requirement 5: “Solutions should be compatible with all existing CN WLAN related functionality, e.g. seamless and non-seamless offload, trusted and non-trusted access, MAPCON and IFOM.”
Requirement 9: “Per-UE control for traffic steering should be possible.”
Requirement 10: “Solutions should ensure that access selection decisions should not lead to ping-ponging between UTRAN/E-UTRAN and WLAN.”
It should be noted that solution 2 received less input from companies compared to other two solutions. Therefore, the summary regarding solution 2 may be less conclusive.
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