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1 Introduction

The current description of solution 2 in the TR [1] is based on finding the minimum required description which as many companies as possible could agree to during the last RAN2 meeting in Barcelona (RAN2#83). This contribution provides more details to the candidate solution 2 such as what kind of measured metrics would at minimum be required as part of the RAN rules. The contribution is very much based on our previous contribution, R2-132827, to RAN2#83 [2]. The ANDSF interworking is described in another contribution [3] and will not be included here as such. The TP in Annex A will include relevant parts from this contribution. A discussion of testability and predictability is contained in [4].  

2 Terminology used

Policy: what can be found in ANDSF.
RAN rules: Access Stratum behaviour, such as cell reselection conditions and similar.
3 More details on solution 2
Solution 2 may offer similar control while requiring less complexity than Solution 3 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 TSs 25.304/36.304. Those rules would e.g. take into account the measured WLAN RCPI and the LTE RSRP/RSRQ and compare them to thresholds which are signalled by the RAN. The WLAN RCPI is selected because it provides signal strength values with a certain accuracy requirement. A possible realization looks as follows:
	if (measuredRsrp < threshRsrpLow) && (measuredRcpi > threshRcpiLow) {


goToWLAN();

} else if (measuredRsrp > threshRsrqHigh) || (measuredRcpi < threshRcpiHigh) {


goTo3gpp();

}


Proposal 1 The specific rules are included in the TR instead of the generic events as per proposed TP in Annex A.

It has been discussed earlier that it is important that the RAN can offload to WLAN traffic of UEs, which contribute particularly to the load in LTE or UMTS. Those are by definition RRC CONNECTED in LTE and CELL_FACH/CELL_DCH in UMTS and it was therefore considered to enable offloading only for RRC CONNECTED/CELL_FACH_CELL_DCH UEs. However, it was concluded that two reasons speak in favour of enabling offloading also for RRC IDLE UEs: for the first, it would be desirable to avoid that UEs initially establish a connection in LTE/UMTS just to be directed to WLAN soon 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/UMTS and possibly UE battery. To avoid that the UE returns to LTE/UMTS 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 can be applied both in IDLE and CONNECTED. This is a difference to cell reselection in LTE, which is only applied in RRC IDLE and its counterpart in UMTS, which is applied in Idle mode, URA_PCH and CELL_FACH. The (e)NB/RNC would, however, be responsible for maintaining or releasing the RRC connection. 

Proposal 2 The offloading rules are applicable both in IDLE/Idle mode and RRC CONNECTED/connected mode.

Proposal 3 If a rule indicates that traffic shall be offloaded to WLAN, this does not imply that the UE shall release the RRC Connection. The RRC Connection Release 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 RRC Connection Release, 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 RRC Connection Release. The dedicated thresholds enable the RAN to e.g. push traffic of individual LTE or UTRAN UEs, which contribute particularly to the high load in LTE or in UMTS, to WLAN. While setting a relatively high threshRcpiLow in SIB it could configure such UEs with a lower threshRcpiLow and thereby direct primarily their traffic to WLAN. 

Proposal 4 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 explicit load information. 

The rules exemplified above, in this case for LTE but also valid for UMTS, 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 < threshRsrpLow) && (measuredRcpi > threshRcpiLow) && 

   (currentLoadLte > threshLoadLte) {


steerTrafficToWLAN();

} else if (measuredRsrp > threshRsrpHigh) || (measuredRcpi < threshRcpiHigh) {


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 threshRsrpLow and threshRcpiLow and can adjust those e.g. based on its current load. If the strategy is to offload to WLAN only if the LTE or UMTS load is high, a lightly loaded cell would indicate a very low threshRsrpLow or a very high threshRcpiLow. A heavy loaded cell would reduce signal a higher threshRsrpLow and a lower threshRcpiLow 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 or UMTS cell.

Proposal 5 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/UMTS 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 threshRsrpLow and threshRcpiLow 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 (e)NB:

	if (measuredRsrp < threshRsrpLow) && (measuredRcpi > threshRcpiLow) && 

   (currentLoadWlan < threshLoadWlanLow) {


goToWlan();

} else if (measuredRsrp > threshRsrpHigh) || (measuredRcpi < threshRcpiHigh) ||

          (currentLoadWlan > threshLoadWlanHigh) {


goTo3gpp();

}


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 < threshRsrpLow) {

   scanForWlan();

   if (measuredRcpi > threshRcpiLow) {

      goToWlan();

   }

} elseif (connectedToWLAN) {

   if (measuredRsrp > threshRsrpHigh) || (measuredRcpi < threshRcpiHigh) {

      goTo3gpp();

   }

}


As can be seen, a UE which is camping or connected in 3GPP and currently running traffic via 3GPP (if-statement) can avoid all WLAN scanning while experiencing good enough 3GPP signal quality. If the 3GPP cell follows the strategy to use WLAN only when 3GPP is too highly loaded, it may set a relatively low threshRsrpLow 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 1 It is feasible, by specific implementation of the rules, to achieve 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 (threshRsrpLow, threshRcpiLow, …) 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 apply.

Proposal 6 The RAN indicates to which WLANs (e.g. BSSIDs) the provisioned thresholds apply. 

Observation 2 It may be discussed further whether it should be possible to provide multiple sets of thresholds associated with different WLANs. 

Note that the handling of ANDSF is described in [3], which also contains a text proposal for solution 2 describing this particular aspect.
4 Conclusion
This contribution provides some further details regarding what metrics should be applicable. 
The following observations were made:

Observation 3 It is feasible, by specific implementation of the rules, to achieve additional power saving by avoiding WLAN scanning in good 3GPP radio conditions.

Observation 4 It may be discussed further whether it should be possible to provide multiple sets of thresholds associated with different WLANs. 

The proposals:
Proposal 7 The specific rules are included in the TR instead of the generic events as per proposed TP in Annex A.
Proposal 8 The offloading rules are applicable both in IDLE/Idle mode and RRC CONNECTED/connected mode.

Proposal 9 If a rule indicates that traffic shall be offloaded to WLAN, this does not imply that the UE shall release the RRC Connection. The RRC Connection Release may or may not be triggered by the network based on existing signalling.

Proposal 10 Thresholds used in offloading rules are provided by the RAN via broadcast and dedicated signalling. 

Proposal 11 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/UMTS cell.
Proposal 12 The RAN indicates to which WLANs (e.g. BSSIDs) the provisioned thresholds apply.
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ANNEX A 
TP for solution 2 
4.1.1 6.1.2
Solution 2

In this solution the offloading rules are specified in RAN specifications. The RAN provides (through dedicated and/or broadcast signaling) thresholds which are used in the rules.
This solution is applicable to Ues in RRC IDLE and RRC CONNECTED states for E-UTRAN, UE IDLE mode for UTRAN and CELL_FACH, CELL_PCH, URA_PCH and CELL_DCH states for UTRAN).

4.1.1.1 6.1.2.1
Description
This solution consists of the following steps, which is described in the following figure.
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Figure 6.1.2.1-1: Solution 2: Traffic steering 
For the above signaling procedure, each step is elaborated below.
Step 1:
The RAN provides parameters through dedicated signaling and/or broadcast signaling. 
Step 2:
The UE follows RAN rules, defined in 3GPP RAN specifications, to perform bi-directional offloading between WLAN and 3GPP. User preference should take precedence.

Rule example:

	if (measuredRsrp < threshRsrpLow) && (measuredRcpi > threshRcpiHigh) {


goToWLAN();

} else if (measuredRsrp > threshRsrpHigh) || (measuredRcpi < threshRcpiLow) {


goTo3gpp();

}


In addition, if the UE has been configured with ANDSF rules, the ANDSF rules should not be broken, details are FFS.

It is FFS whether and how per bearer steering will be done, if ANDSF is not present.
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