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1. Introduction
[bookmark: _Toc352077766]During the RAN2#85 meeting in Prague RAN2 have made a significant progress on the WLAN/3GPP radio interworking work item. The LS in [1] summarizes the main decisions and CN impacts. In this paper we provide additional details of the RAN solution.
2. Discussion
3GPP/WLAN interworking solution may work with and without ANDSF. The paper is divided into three parts: solution without ANDSF, solution with enhanced ANDSF and solution with legacy ANDSF.
In the context of this paper, enhanced ANDSF is an ANDSF with one or more Management Objects (MOs) that include one or more RAN assistance parameters. Legacy ANDSF is an ANDSF without RAN assistance parameters.
Note: RAN2 have discussed, but could not agree the above definitions. Therefore, the definitions are only used in this paper to make it more readable.
3GPP/WLAN Radio Interworking Solution without ANDSF
In this solution, the RAN signals assistance parameters to the UE and the UE uses this information in RAN rules (defined in RAN specifications) for WLAN access network selection and traffic steering decisions to 3GPP and WLAN RATs.
As this solution cannot rely on ANDSF (or other non-standardized methods) to provide WLAN identifiers to the UE so that the UE can discover WLAN networks it may use, RAN2 have agreed that the RAN may signal the list of WLAN identifiers (SSIDs, BSSIDs or HESSIDs) to the UE. The RAN may use broadcast RRC signalling to send this information.
Note: dedicated signalling for WLAN identifiers was also discussed, but RAN2 could not agree whether this is required/beneficial.
RAN2 have agreed that the RAN may signal the following assistance parameters (to be used in RAN traffic steering rules):
1. LTE RSRP/UMTS CPICH RSCP threshold (for FDD)/UMTS PCCPCH RSCP threshold (for TDD)
2. LTE RSRQ/UMTS CPICH Ec/No threshold (for FDD)
3. WLAN Channel utilization in the BSS load IE (MaximumBSSLoadValue defined in TS 24.312 [3]) threshold 
4. Available WLAN DL and UL backhaul data rate (MinBackhaulThreshold defined in TS 24.312 [3]) threshold 
These parameters may be signalled using either broadcast or dedicated RRC signalling.
RAN2 have discussed the issue of ping-pong that may result if large number of UEs are offloaded to/from WLAN. It was agreed that in order to prevent ping-pong the last two parameters shall either be used “one way” (i.e. from 3GPP to WLAN only) or hysteresis mechanism should be applied, in which case the parameters may be used for offload decisions in both directions.
The UE should compare RSRP/RSRQ thresholds to the values measured by the UE and MaximumBSSLoadValue/ MinBackhaulThreshold thresholds to the values obtained from WLAN as illustrated in the following example of RAN rules.
For each parameter xxx, there can be two thresholds indicated by RAN, thresXxxLow < thresXxxHigh.
The below criteria shows an example of how the metrics can be considered for LTE. 

	The UE shall move traffic [e.g. for offloadable APN] from 3GPP to WLAN if all the following conditions are fulfilled if corresponding parameters are broadcast or sent with dedicated signaling:
- Rsrp < threshRsrpLow or Rsrq < threshRsrqLow
- bssLoad < threshBssLoadLow
- dlBackhaulRate > threshDlBackhaulRateHigh
- ulBackhaulRate > threshUlBackhaulRateHigh


The UE shall move offloadable traffic from WLAN to 3GPP if one or more of the following conditions is fulfilled if corresponding parameters are broadcast or sent with dedicated signaling:
- Rsrp > threshRsrpHigh
- Rsrq > threshRsrqHigh



The below criteria shows how the metrics can be considered for UMTS:
	The UE shall move traffic [e.g. for offloadable APN] from 3GPP to WLAN if all the following conditions are fulfilled if corresponding parameters are broadcast or sent with dedicated signaling:
- Rscp < threshRscpLow or EcNo < threshEcNoLow
- bssLoad < threshBssLoadLow
- dlBackhaulRate > threshDlBackhaulRateHigh
- ulBackhaulRate > threshUlBackhaulRateHigh


The UE shall move offloadable traffic from WLAN to 3GPP if one or more of the following conditions is fulfilled if corresponding parameters are broadcast or sent with dedicated signaling:
- Rscp > threshRscpHigh
- EcNo > threshEcNoHigh



A UE in RRC CONNECTED in LTE or CELL DCH (or CELL_FACH: FFS) in UMTS shall apply dedicated thresholds if such has been received; otherwise the UE shall apply broadcasted thresholds.
The UE shall keep and apply dedicated thresholds when in IDLE mode, (CELL_PCH or URA_PCH: FFS) until a time T has passed since the UE entered IDLE mode, (CELL_PCH or URA_PCH: FFS) upon which the UE shall apply the broadcasted thresholds.
Two additional decisions were made for the solution without ANDSF:
1. RAN2 have agreed that in RAN sharing environment the RAN should support signalling different values of assistance parameters (e.g. WLAN identifiers) for different PLMNs.
2. Based on input from the joint RAN2-SA2 session in San Francisco 2013, RAN2 agreed that the RAN solution without ANDSF supports only APN level offload granularity.
RAN2 have discussed two alternative solutions to indicate to the UE which traffic may be offloaded to WLAN (or, which traffic the network operator prefers to keep in 3GPP).

Alternative 1

The eNB/RNC indicates to the UE via RRC signalling which EPS bearer may be offloaded to WLAN. The UE stores that information and maintains it even if the RRC connection is released. If all bearers belonging to an APN are allowed to be offloaded, the UE may offload traffic for this APN to WLAN. 
RAN2 discussed two alternatives on how eNB/RNC may get this information:

a) The eNB/RNC may determine based on OAM configuration which EPS bearer must not be offloaded (e.g. based on QCI value).
b) The MME/SGSN informs the eNB/RNC via S1AP/RANAP signalling which EPS bearer must not be offloaded. 
Alternative 2
The MME/SGSN indicates to the UE in NAS signalling which APNs must not be offloaded or alternatively which APNs may be offloaded to WLAN (details are to be discussed by SA2).
RAN2 have agreed to ask SA2 to analyse both options and to indicate which one is preferable from their perspective and whether it can be implemented in Rel-12.
3GPP/WLAN Radio Interworking Solution with enhanced ANDSF
In this solution, the RAN signals assistance parameters to the UE and the UE uses this information in ANDSF policy, which is enhanced to include the RAN assistance parameters.
RAN2 have agreed that the RAN may signal the following assistance parameters (to be used in enhanced ANDSF policies):
1. LTE RSRP/UMTS CPICH RSCP threshold (for FDD)/UMTS PCCPCH RSCP threshold (for TDD)
2. LTE RSRQ/UMTS CPICH Ec/No threshold (for FDD)
3. WLAN Channel utilization in the BSS load IE (MaximumBSSLoadValue defined in TS 24.312 [3]) threshold 
4. Available WLAN DL and UL backhaul data rate (MinBackhaulThreshold defined in TS 24.312 [3]) threshold 
5. Offload Preference Indicator (OPI)
The first four parameters are identical to the ones used for the solution without ANDSF and the RRC signalling used to transfer these parameters is also the same.
Note: Some companies were not comfortable with the definition of OPI as Offload Preference Indicator. 
The OPI value signalled by the RAN is compared to a comparison-value provided in the ANDSF policy using an “equal to”-comparison (e.g. OPI_pointer = OPI value) or a “greater/less than” -comparison (e.g. OPI_threshold ≥ OPI_value) or can be compared to a bitmap (e.g. a set of allowed OPI values) to trigger specific parts of ANDSF policies and/or ANDSF MOs e.g.:
1. OPI can be used in ANDSF to differentiate subscriber sub-groups, i.e. gold/silver/bronze. For instance, different subscriber sub-groups may have different OPI thresholds/pointers in their ANDSF policies, so that bronze users are offloaded to WLAN first (when cellular load slightly increases) and gold users are kept on LTE until LTE capacity allows so.
1. OPI can be used to differentiate between traffic types, e.g. ANDSF ISRP policies for different IP flows may have different OPI thresholds/pointers so that best effort traffic is offloaded to WLAN first (when cellular load slightly increases).  
1. OPI can also be used to trigger specific parts of ANDSF policies and/or ANDSF MOs, OPI may be signalled to the UE in the form of a bitmap which can be compared to a bitmap [e.g. a set of allowed OPI values] stored in the ANDSF to trigger specific parts of ANDSF policies and/or ANDSF MOs.  In this case OPI value might be considered as kind of ANDSF MO index if there are multiple ANDSF MOs.
RAN2 have agreed to ask SA2 to consider the inclusion of the above parameters in ANDSF. It is up to SA2 to discuss which ANDSF policy is the most appropriate for the RAN assistance parameters. It is also up to SA2 to decide which OPI usage is preferable.
Note: MaximumBSSLoadValue and MinBackhaulThreshold are already part of ANDSF.
RAN assistance parameters may be divided into two categories: values (OPI) and thresholds (everything else). 
In the first case (e.g. OPI) the RAN signals the value of the parameters and this values is compared to the threshold in ANDSF.
In the second case the RAN signals the new threshold (e.g. for RSRP) which replaces the threshold in ANDSF. This threshold is then compared to a value measured by the UE. 
3GPP/WLAN Radio Interworking Solution with legacy ANDSF
RAN2 are yet to discuss how RAN rules may interact with legacy ANDSF.
3. Summary of CN impacts
RAN assistance parameters
RAN2 asks SA2 to consider the inclusion of the following new parameters in ANDSF:
1. LTE RSRP/UMTS CPICH RSCP threshold (for FDD)/UMTS PCCPCH RSCP threshold (for TDD)
2. LTE RSRQ/UMTS CPICH Ec/No threshold (for FDD)
3. Offload Preference Indicator (OPI)
SA2 will have to decide which ANDSF policies should be enhanced with these parameters. SA2 will also have to decide on what is the preferable option to implement OPI (threshold vs. pointer vs. bitmap). 
SA2 should take into account that the following ANDSF thresholds may be replaced with thresholds indicated by the RAN:
1. LTE RSRP/UMTS CPICH RSCP threshold (for FDD)/UMTS PCCPCH RSCP threshold (for TDD)
2. LTE RSRQ/UMTS CPICH Ec/No threshold (for FDD)
3. WLAN Channel utilization in the BSS load IE (MaximumBSSLoadValue defined in TS 24.312 [3]) threshold 
4. Available WLAN DL and UL backhaul data rate (MinBackhaulThreshold defined in TS 24.312 [3]) threshold 
For the solution without ANDSF, SA2 will have to discuss what is the best method (RRC vs. NAS signalling) to convey to the UE information regarding which APNs may or may not be offloaded to WLAN.
SA2 should note that RAN2 have not discussed the issue of RAN rules interaction with ANDSF, which may or may not have CN impacts.
4. Conclusions
In this paper we provided additional details on WLAN/3GPP radio interworking solution and its impacts to the CN.
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