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1 Introduction

In this study item, a number of candidate RAN solutions have been described and captured in the TR. The proposals are currently being analysed regarding the fulfilment of requirements identified during the SI phase. There are many different understandings with regard to the identified requirements.
In this contribution we provide some guidance to the discussion by taking one step back to appreciate the situation and identify the fundamental needs from a Rel-12 WLAN/3GPP Radio interworking solution considering the background of this study item, the main scenario, the study item scope, the 3GPP architecture and requirements.
We then discuss the current status in RAN2 and especially issues and concerns companies have raised with “Solution 1” and “Solution 3” and outline an alternative solution.
2 Main scenario

The main scenario which this study item is focusing on is that of cellular operators and their 3GPP network. The operator has deployed WLAN nodes, or entered an agreement with one or more WLAN operators, to enable the offloading of traffic from its 3GPP network.

3 Fundamental needs

In the study item description [1], the following objectives are defined: 

· Solutions that enable enhanced operator control for WLAN interworking, and enable WLAN to be included in the operator’s cellular Radio Resource Management.

· Enhancements to access network mobility and selection which take into account information such as radio link quality per UE, backhaul quality, load, etc. for both cellular and WLAN accesses
Considering these requirements we believe that the RAN solution at least needs to enable:
· operator control and predictable UE behaviour
· control of individual UEs
The following sections further discuss these needs.
3.1 Operator control and predictable UE behaviour
One of the motivations for this study item is to provide the RAN operator with efficient control w.r.t. WLAN/3GPP interworking. In this Study Item, schemes and mechanisms have been discussed, each of them offering different levels of control for the RAN operator in its RRM.
a) RAN controls, based on UE measurement reporting the radio conditions and moment of time for the offloading
b) RAN controls, based on threshold setting, the radio conditions for the offloading, and UE executes the offloading when the radio conditions are fulfilled

c) UE decides, based on network-provided assistance information (such as RAN load), the radio conditions and moment of time for the offloading
Predictable UE behaviour is one of the foundations upon which radio resource management relies, and has so far been guiding in 3GPP RAN specifications work. We believe it is essential that this continues in 3GPP. If the behaviour of different UE implementations is not consistent and different UEs behave differently even given the same input, network management would become too complex as a good network tuning would depend on which UEs are currently served by the RAN. It should also be noted that the operator is responsible for providing and maintaining required user experience to UEs.

Conclusion 1
Operator control and predictable UE behaviour is an essential property of a RAN solution.
3.2 Control of individual UEs
As the operator is seeking to offload the traffic in their 3GPP network, it is necessary that the operator should be able to offload the UEs which contribute the most to the load in the 3GPP network. A UE can generate a lot of load in the system because it is experiencing poor radio conditions in the 3GPP network and/or it is using a service generating a lot of traffic. Offloading the UEs which are generating the highest load will benefit the whole system (i.e. both for the concerned user and the network as a whole). Thus, it is imperative for the RAN solution to support dedicated signalling to ensure that individual UEs can be offloaded to WLAN. This will also provide a means to avoid ping-ponging and mass-toggling of UEs as the 3GPP network can make sure only a desired number of UEs are offloaded.
Conclusion 2
Individual UE offloading is an essential component of a RAN solution.

4 RAN2 discussion status
Below we present Solution 1 and Solution 3 and some issues and concerns which have been raised during RAN2 online and email discussions.

4.1 “Solution 1”

According to solution 1 
“the UE uses the RAN assistance information UE measurements and information provided by WLAN and policies that are obtained via the ANDSF or via existing OMA-DM mechanisms or pre-configured at the UE to steer traffic to WLAN or to RAN” [1]. 
In other words, the rules for how to use which metric and how to compare which input parameter to which threshold is not defined as part of the RAN specifications. The actual decision logic would be provided by ANDSF or other means. ANDSF rules could refer to parameters such as thresholds that are provided by the RAN but different UEs could have different rules and use more or less of the parameters. The RAN is assumed not to be aware of the actual rules that UEs are configured with. An eNB or RNC could therefore be considered as an assistance provider rather than as a controller. This is one of the main concerns that has been raised with this solution: it does not result in a predictable UE behaviour. It would e.g. not be possible to define and verify test cases that would ensure reproducible behaviour. The proponents of the solution suggest that in combination with ANDSF the operator can ensure consistent behaviour but others argue that the RAN solution should work with and without ANDSF and that a feature which is not fully testable is not useful. 

Observation 1 In particular without ANDSF, solution 1 does not offer operator control and predictable UE behaviour. 

Another concern that was raised is that the RAN is responsible for load balancing and resource management. In particular for RRC CONNECTED mode it does that by directing selected UEs to other carriers or other RAT. Depending on the resource situation a cell may offload those UEs that contribute particularly to the high load or that suffer from poor radio conditions in the current cell. One main incentive of this study item is to extend this efficient radio resource management also to WLAN. However, as said above, in solution 1 the RAN is not aware and in particular not in control of the offloading logic applied by ANDSF (or even other means such as pre-configuration). Concerns have therefore been raised that based on solution 1 the RAN (eNB/RNC) cannot perform an as efficient load balancing and resource management as across other RATs. A consequence of this shortcoming could be that either too few or too many UEs offload their traffic to another RAT when the RAN or WLAN adjust their assistance information, possibly with mass toggling as a result if too many UEs are offloaded. We think that this concern can be summarized as follows. 

Observation 2 The lack of knowledge and control over the actual offloading logic prevents the RAN from doing efficient load balancing and resource management with solution 1. 

It has also been mentioned that the proposed solution would require quite far reaching changes to ANDSF and therefore come with significant complexity. 

Observation 3 Extending ANDSF as required for Solution 1 would come with significant increase in complexity and require support from CT/SA working groups. 

4.2 “Solution 3”

In Solution 3 
“the traffic steering for UEs in RRC CONNECTED/CELL_DCH state is controlled by the network using dedicated traffic steering commands, potentially based also on WLAN measurements (reported by the UE)”. 
That means, this solution would be similar to existing inter-RAT handover in the sense that an eNB or RNC would, based on measurements and other information, decide to offload traffic to WLAN. Proponents of this solution expect that this would lead to efficient load balancing across other RATs. 

However, the offloading procedure could not strictly follow the established inter-RAT HO principles since the target RAT (WLAN) could not create the HO command. In fact, it can be expected that the 3GPP RAN would instruct the UE to offload the traffic towards WLAN while the RRC Connection would still exist. It could then be up to the eNB or RNC to decide whether or not to release the RRC Connection. If the connection is maintained, the eNB/RNC could continue to monitor the radio conditions of the UE and decide at some point in time to “pull” the traffic back to 3GPP. Also this would of course be a new mechanism that does not follow the HO procedures. If the eNB/RNC decides to release the RRC Connection it has no means to control the offloading. Opponents of solution 3 therefore raised the question how traffic could be offloaded back from WLAN to 3GPP. Possible solutions could be to use another mechanism similar to idle mode cell reselection for this case or that the UE establishes an RRC Connection again in order to verify whether it may return to 3GPP
. Some companies indicated that it could be sufficient if WLAN interworking would only be supported for RRC Connected UEs but this was not acceptable to all companies. 

Observation 4 Solution 3 requires an additional mechanism to offload from WLAN to 3GPP if the RRC Connection is not maintained after traffic has been offloaded to WLAN. 

Another concern that has been raised is that in particular a measurement framework for WLAN would add complexity.

Observation 5 Solution 3 requires a measurement framework for using WLAN measurements which could increase the complexity.

While it is quite obvious that solution 3 could offer good load balancing between 3GPP and WLAN, it has not been agreed how this mechanism would interwork or interact with ANDSF, if deployed and used by a UE. Different options have been mentioned previously such as that RAN steering has precedence over ANDSF or the other way around. It has also been suggested that the RAN could be made aware of the ANDSF rules but that may be considered as “layer violation” and may add additional complexity and still not solve all roaming cases.

We do believe that raised concerns for Solution 3 are largely due to misunderstandings. We elaborate on this in [2].
5 Alternative Solution

In this section we take the raised concerns listed in the previous sections into account and try to outline a mechanism that solves them. In the below discussion we use LTE as example, in UMTS the mechanism can be similar.
Based on the discussion above (see Observation 1 and Observation 4), we think that the RAN should have control of the offloading in order to ensure efficient load balancing for deployments with and without ANDSF. This would also allow specifying test cases in RAN specification and thereby ensure consistent, predictable and testable UE behaviour.

Proposal 1 To ensure consistent, predictable and testable UE behaviour, a WLAN interworking solution shall be define in RAN specifications rather than leaving it for ANDSF or other protocols. 

While we still think that solution 3 would give the tightest and probably most accurate control over the UEs we acknowledge the complexity that the required measurement framework or an additional mechanism to steer IDLE UEs from WLAN to 3GPP would imply. Therefore, we came to the conclusion that an approach along the lines of solution 2 may actually offer similar control while requiring less complexity and being applicable to both IDLE and CONNECTED. Similarly to what is described in [1], RAN2 would define rules similarly to the cell reselection rules in 25.304/36.304. Those rules would e.g. take into account the measured WLAN RSSI and the LTE RSRP/RSRQ and compare them to thresholds which are signalled by the RAN. A possible realization could look as follows:

	if (measuredRsrp < threshRsrqLow) && (measuredRssi > threshRssiLow) {


steerTrafficToWLAN();

} else if (measuredRsrp > threshRsrqHigh) || (measuredRssi < threshRssiHigh) {


steerTrafficTo3gpp();

}


Proposal 2 Offloading is realized by means of rules defined in RAN specifications similarly to cell reselection rules. 

It has been discussed earlier that it is important that the RAN can offload traffic of UEs to WLAN which contribute particularly to the load in LTE. Those are by definition RRC CONNECTED and it was therefore considered to enable offloading only for RRC CONNECTED UEs. However, it was concluded that two reasons speak in favour of enabling offloading also for RRC IDLE UEs: It would be desirable to avoid that UEs initially establish a connection in LTE/UTRAN just to be directed to WLAN afterwards. Load balancing of IDLE UEs could help to reduce the additional control signalling. Secondly, it may be desirable to release the RRC connection of a UE which has offloaded all its traffic to WLAN and thereby save signalling overhead in LTE/UTRAN and possibly UE battery. To avoid that the UE returns to LTE/UTRAN immediately upon releasing the RRC connection, the same offloading rules should apply also in IDLE mode. But of course, the UE should return to the 3GPP RAN when the radio conditions require it. 

The rule-based offloading as outlined above could be applied both in IDLE and CONNECTED. This is a difference to cell reselection in LTE which was only applied in RRC IDLE. The eNB would, however, be responsible for maintaining or releasing the RRC connection 

Proposal 3 Offloading rules are applicable both in IDLE and RRC CONNECTED.

Proposal 4 If a rule indicates that traffic shall be offloaded to WLAN, this does not imply that the UE shall release the RRC Connection. The RRCConnectionRelease may or may not be triggered by the network based on existing signalling.

In order to adjust offloading for UEs in IDLE, it is required to broadcast the offloading thresholds as it is done for cell reselection thresholds today. On the other hand, in order to offload individual UEs to a WLAN, it is desirable to allow provisioning of thresholds via dedicated signalling. Unlike dedicated cell reselection thresholds which only need to be provisioned during RRCConnectionRelease, the offloading thresholds for WLAN also need to be provided during an ongoing RRC connection. Similarly as dedicated cell reselection priorities, the UE should also apply the dedicated offloading thresholds beyond the RRCConnectionRelease. The dedicated thresholds enable the RAN to e.g. push traffic of individual LTE UEs to WLAN that contribute particularly to the high load in LTE. While setting a relatively high threshRssiLow in SIB it could configure such UEs with a lower threshRssiLow and thereby direct primarily their traffic to WLAN. 

Proposal 5 Thresholds used in offloading rules are provided by the RAN via broadcast and dedicated signalling. 

There have been long discussions on whether or not the RAN would need to broadcast its instantaneous load. We would like to elaborate briefly on why the solution outlined in this document works without an explicit load information. 

The rules exemplified above seem to take only the radio quality of WLAN and LTE into account and one may jump to the conclusion that the load of the LTE cell as well as a load threshold should be added as shown below:

	if (measuredRsrp < threshRsrqLow) && (measuredRssi > threshRssiLow) && 

   (currentLoadLte > threshLoadLte) {


steerTrafficToWLAN();

} else if (measuredRsrp > threshRsrqHigh) || (measuredRssi < threshRssiHigh) {


steerTrafficToLTE();

}


However, one should remember that the currentLoad is not something that the UE measures like a channel quality. Both, currentLoadLte and threshLoadLte are parameters that would be provided by the same LTE cell. It should be obvious that at least one of the parameters is obsolete in the equation above. One could instead consider a single flag (1 bit) by which the eNB/RNC indicates whether or not the UE should consider WLAN. But actually not even that flag is required. In fact, the cell is anyway signaling the parameters threshRsrqLow and threshRssiLow and can adjust those e.g. based on its current load. If the strategy is to offload to WLAN only if the LTE load is high, a lightly loaded cell would indicate a very low threshRsrqLow or a very high threshRssiLow. A heavy loaded cell would reduce signal a higher threshRsrqLow and a lower threshRssiLow and thereby enforce more UEs to use WLAN. From this example it should be clear that there is no need to explicitly indicate the load of the LTE cell.

Proposal 6 The RAN may take the cell load into account by adjusting thresholds for radio measurements. Therefore, there is no need to broadcast the load of the LTE/UTRAN cell. 

It could be considered whether the load level of the WLAN AP as well as a corresponding threshold should be evaluated in the offloading rules. If the eNB has access to the WLAN APs’ load level this is not required as it can adjust threshRsrqLow and threshRssiLow  also based on the WLAN load. But if that is not the case one could further evaluate whether it is beneficial to compare the load level broadcast by HS2.0 enabled WLAN APs with a threshold signalling by the eNB/UTRAN:

	if (measuredRsrp < threshRsrqLow) && (measuredRssi > threshRssiLow) && 

   (currentLoadWlan < threshLoadWlanLow) {


steerTrafficToWlan();

} else if (measuredRsrp > threshRsrqHigh) || (measuredRssi < threshRssiHigh) ||

          (currentLoadWlan > threshLoadWlanHigh) {


steerTrafficTo3gpp();

}


RAN2 discussed whether the offloading could also result in additional power saving and we think that UE could e.g. save power on WLAN scanning by the following modification:

	if (connectedTo3gpp && measuredRsrp < threshRsrqLow) {

   scanForWlan();

   if (measuredRssi > threshRssiLow) {

      steerTrafficToWlan();

   }

} elseif (connectedToWLAN) {

   if (measuredRsrp > threshRsrqHigh) || (measuredRssi < threshRssiHigh) {

      steerTrafficTo3gpp();

   }

}


As can be seen, a UE which is camping or connected in LTE and currently running traffic via LTE (if-statement) can avoid all WLAN scanning while experiencing good enough LTE signal quality. If the LTE cell follows the strategy to use WLAN only when LTE is too highly loaded, it may set a relatively low threshRsrqLow and thereby allow many UEs not to scan for WLAN and to save battery. This works of course only if the user does not want its UE to scan for non-operator controlled WLAN’s anyway.  

Observation 6 Smart implementation of the rules may lead to additional power saving by avoiding WLAN scanning in good 3GPP radio conditions.

It has also been discussed whether the offloading rules should allow distinguishing different WLANs (e.g. different BSSIDs). The solution outlined in this document could be extended in this way if different signalled thresholds (threshRsrqLow, threshRssiLow, …) can be associated with different BSSIDs. Whether the additional complexity is justified depends on operator requirements. But if needed, it could be considered in the WI phase. At least, the RAN should indicate the BSSIDs to which the (single set of) thresholds applies.

Proposal 7 The RAN indicates to which WLANs (e.g. BSSIDs) the provisioned thresholds apply. 

Observation 7 It may be discussed further whether it should be possible to provide multiple sets of thresholds associated with different WLANs. 

In recent meetings everyone agreed that user preferences should be honoured. A user may e.g. configure its UE to always choose his home WLAN if in coverage – no matter whether LTE is loaded or not and not matter whether the operator wants that or not. Similarly, the user may also decide to disable WLAN and thereby prevent the terminal from accessing any WLAN – even if the network would desire offloading to WLAN. 

We think that ANDSF should be used in a similar way as these user preferences. The difference is of course, that ANDSF rules are configured by the operator. Such preferences typically don’t change over time and they don’t have to considering that the RAN based inter-working mechanism takes care of dynamic fluctuations of radio quality, system load and per UE throughput. ANDSF rules may for example be used to prohibit certain UEs from accessing selected WLANs. This may be useful if the service agreement between an LTE operator and a third parts WLAN operator covers only certain subscriptions (e.g. no pre-paid). Preferably, the RAN should not need to care about such restrictions and with the rule based mechanism outlined in this document it does not have to. If ANDSF indicates that a certain WLAN (B)SSID is prohibited, the UE would not offload traffic to WLAN even if LTE radio measurements and the thresholds provided by the eNB suggest to do so. Considering IDLE UEs, this is obviously completely transparent for the RAN. But even if the RAN configures an RRC CONNECTED UE with a high threshRsrqLow value and with a low threshRssiLow value (usually ensuring traffic offload to WLAN) it cannot distinguish the case where the UE is really out of WLAN coverage from the case where ANDSF prohibits access to the WLAN. As an optimization, one could of course consider that the UE informs the NW upon RRC connection establishment, whether WLAN is enabled at all and whether any (B)SSIDs are prohibited. Whether such an enhancement is justified requires further discussion. 

On the other hand, ANDSF rules may also be used to force a UE to select a certain WLAN once the UE is in coverage of it - even if this would not be needed from an eNB’s load point of view. This is similar as the user’s home WLAN and might be useful in some roaming scenarios or for UEs having access to an enterprise WLAN. Also enforcing access to WLAN is transparent from a RAN point of view. It cannot distinguish this case from the case where the UE simply has no more data to transfer or from the case where the UE leaves LTE/UTRAN coverage. 

In order to realize this kind of interworking, ANDSF should be able to classify WLANs (SSIDs) in two different categories: 

· Enforce: WLAN SSIDs classified in this way shall be selected as soon as the UE is in their coverage (as typically done by smart phones today)

· Prohibit: WLAN SSIDs classified in this way shall never be used (a black list) 

Proposal 8 ANDSF rules may force a UE to offload its traffic to certain WLANs (SSID) or prohibit it from using certain WLANs irrespective of the RAN rules. 
For all other WLANs (SSID) the RAN rules determine whether or not to offload traffic to WLAN or keep it in 3GPP. 

It was also discussed whether the RAN should be able to decide which traffic type to run via WLAN and which to keep in LTE/UTRAN. It would be possible to extend the rules and corresponding thresholds so that they apply only to selected bearers (RABs). However, on the WLAN side there is currently no such mechanism as a RAB or EPS bearer. Therefore, ANDSF allows separation by PDN (MAPCON) or per IP flow (IFOM). The RAN is not aware of IP flows so that the only common denominator could be a PDN connection. However, as soon as UE offloads all traffic on a certain APN to WLAN, the CN may decide to release the corresponding bearers towards the RAN. At that point in time the RAN is no longer aware of that traffic type and the associated PDN. It appears consequently difficult to refer to that PDN context and pull it back to LTE/UTRAN at a later point in time. 

We therefore propose that RAN rules for offloading cannot distinguish different traffic types. Instead, such traffic splitting could also be realized by for instance ANDSF. E.g., if the operator would like to ensure that all traffic towards its IMS domain is always routed via LTE/UTRAN, it could configure an ANDSF rule that prohibits routing traffic to that APN via WLAN. We can probably assume that the operator’s own RAN is aware of such a restriction in ANDSF. But even if it is not, it will be able to handle the resulting UE behaviour. As soon as the provided steering thresholds enforce offloading to WLAN, the UE would direct all traffic on the internet access default bearer to WLAN. The RAN sees decreasing load generated by this UE (empty bearer) but cannot distinguish whether it was due to application behaviour or due to successful offloading. If ANDSF prohibits offloading of a concurrent VoLTE call, the RAN will continue serving that one but requires of course less radio resources for that. 

Proposal 9 RAN rules cannot distinguish bearers or flows for offloading. 

Proposal 10 A UE can be forced, for instance by ANDSF rules, to keep some or all traffic (see IFOM/MAPCON) on 3GPP access even though the RAN rules suggest to offload (all) traffic to WLAN. 

By giving ANDSF precedence over RAN rules, the RAN loses of course some of its decision power and offloading may be slightly less accurate as it could be if the RAN would have highest priority and control all UEs with measurements and offloading commands (solution 3). But if we assume that for the majority of UEs in a cell the ANDSF rules are in-line with the RAN rules, the loss in accuracy appears negligible. As long as the majority of load balancing decisions taken by the RAN (e.g. dedicated threshold for UE causing high load in LTE) is not overridden by ANDSF, the solution outlined here will still give much better predictability and more dynamic and efficient offloading than a purely ANDSF based solution. If a few roaming UEs follow their H-PLMN’s ANDSF rules and stay in LTE because they have no agreement with the 3rd party WLAN operator of the visited PLMN, this is not expected to have much impact on the overall system performance. And also if those UEs attach to another WLAN even though the visited PLMN’s LTE cell is not highly loaded, this will not have a negative impact on the visited PLMN’s performance (rather the opposite).

6 Conclusion
In this contribution we have taken one step back to identify fundamental needs from a RAN solution. We arrived at the following conclusions.
Conclusion 1
Operator control and predictable UE behaviour is an essential property of a RAN solution.

Conclusion 2
Individual UE offloading is an essential component of a RAN solution.

We then discussed some issues and raised concerns related to “Solution 1” and “Solution 3”. We made the following observations:
Observation 8 In particular without ANDSF, solution 1 does not offer operator control and predictable UE behaviour. 

Observation 9 The lack of knowledge and control over the actual offloading logic prevents the RAN from doing efficient load balancing and resource management with solution 1. 

Observation 10 Extending ANDSF as required for Solution 1 would come with significant increase in complexity and require support from CT/SA working groups. 

Observation 11 Solution 3 requires an additional mechanism to offload from WLAN to 3GPP if the RRC Connection is not maintained after traffic has been offloaded to WLAN. 

Observation 12 Solution 3 requires a measurement framework for using WLAN measurements which could increase the complexity.

Based on the raised concerns we presented an alternative solution and we proposed the following:

Proposal 11 To ensure consistent, predictable and testable UE behaviour, a WLAN interworking solution shall be define in RAN specifications rather than leaving it for ANDSF or other protocols. 

Proposal 12 Offloading is realized by means of rules defined in RAN specifications similarly to cell reselection rules. 

Proposal 13 Offloading rules are applicable both in IDLE and RRC CONNECTED.

Proposal 14 If a rule indicates that traffic shall be offloaded to WLAN, this does not imply that the UE shall release the RRC Connection. The RRCConnectionRelease may or may not be triggered by the network based on existing signalling.

Proposal 15 Thresholds used in offloading rules are provided by the RAN via broadcast and dedicated signalling. 

Proposal 16 The RAN may take the cell load into account by adjusting thresholds for radio measurements. Therefore, there is no need to broadcast the load of the LTE/UTRAN cell. 

Observation 6
Smart implementation of the rules may lead to additional power saving by avoiding WLAN scanning in good 3GPP radio conditions.

Proposal 17 The RAN indicates to which WLANs (e.g. BSSIDs) the provisioned thresholds apply. 

Observation 7
It may be discussed further whether it should be possible to provide multiple sets of thresholds associated with different WLANs. 

Proposal 18 ANDSF rules may force a UE to offload its traffic to certain WLANs (SSID) or prohibit it from using certain WLANs irrespective of the RAN rules. 
For all other WLANs (SSID) the RAN rules determine whether or not to offload traffic to WLAN or keep it in 3GPP. 

Proposal 19 RAN rules cannot distinguish bearers or flows for offloading. 

Proposal 20 For instance ANDSF rules may force a UE to keep some or all traffic (see IFOM/MAPCON) on 3GPP access even though the RAN rules suggest to offload (all) traffic to WLAN. 
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� In the study item description [1] this is expressed as: The study shall apply solely to WLAN APs deployed and controlled by cellular operators and their partners.  


� Note that this RRC connection would anyhow be needed when traffic would be going over 3GPP RAT. 
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