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Abstract: 
This document discusses mechanisms for managing coexistence of ANDSF, LWA and LWIP features.
1 Introduction
At RAN#70, RAN granted exception sheets for both LWA (LTE-WLAN aggregation) and LWIP (LTE-WLAN Radio Level integration with IPsec tunnel) so that work on both features can continue as part of Rel 13. 

At SA2#112 there was discussion on how to support coexistence between ANDSF and LWA, see [1] and [2].
This paper continues discussion on the topic.  In addition it extends the discussion to include LWIP, noting that from the point of view of coexistence with ANDSF both LWIP and LWA can be considered equivalent.  Specifically, the LWA and LWIP features both enable traffic between UE and eNB to be carried over the WLAN interface under the control of the eNB.  They differ principally in the method by which user plane connectivity between UE and eNB is achieved (IPsec tunnel for LWIP and L2 WLAN connection coupled with GTP tunnel in the case of LWA). 
2 Need to manage UEs supporting both ANDSF and LWA/LWIP

Situations may exist where a UE is in an LTE cell that supports LWA/LWIP and where that UE also has an ANDSF MO.  By way of example an operator may have deployed the LWA/LWIP feature, but the operator may also have configured an H-ANDSF MO on its subscriber’s devices.  This might be because the operator prefers its subscribers to use LWA/LWIP when possible but also wants its subscribers to be able to use HPLMN preferred WLANs when the subscriber is roaming or is out of coverage of WLANs having connectivity into an LWA/LWIP eNB.
3 Key differences between LWA/LWIP and ANDSF 
There are some important differences between the LWA/LWIP features and the ANDSF feature that can affect how and when a WLAN may need to be selected: 
· LWA and LWIP only apply when the UE is in connected mode on LTE

· Whereas ANDSF can apply:

· When the UE has no cellular connectivity

· When the UE has cellular connectivity on 2G, 3G or 4G

· When the UE is in ide mode or connected mode

· LWA and LWIP can only be used on WLANs which have the necessary connectivity into an eNB
· Whereas ANDSF policy can be applied to gain access to a wide range of WLAN types (trusted or untrusted).
· With LWA and LWIP the UE connects via WLAN into the LTE eNB.  
· Whereas with ANDSF the UE connects via WLAN into the CN using S2a or S2b or via NSWO onto the internet.
4 Support of mobility between LWA/LWIP and ANDSF selected WLANs
If the UE has selected a WLAN using LWA/LWIP then connectivity to that WLAN may be dropped following any of the following events:

· Radio coverage with the WLAN is lost
· eNB RRM no longer requires the WLAN connection 

· UE loses LTE cellular connectivity (this includes UE moving to 2G/3G)
· UE moves to LTE idle

When any of these events occur a device which also has ANDSF policy could potentially, if the system design allowed it, reselect to an alternative WLAN based on ANDSF policy.  Equally, if the system design were to allow it, if a UE came back into LTE connected mode and received a command to instantiate LWA/LWIP the UE could potentially reselect from an ANDSF selected WLAN to an LWA/LWIP eNB indicated WLAN.   

As can be seen, such switching back and forth could potentially be frequent, since it depends on factors including changing radio coverage and traffic volumes. 
5 Solutions to minimise signalling and negative impact on user experience
Frequent switching back and forth between eNB selected WLAN and ANDSF selected WLAN would be very signalling intensive both on the air interface and in the network, especially given that it would involve switching between an S2a, S2b or NSWO mode of user plane connectivity using ANDSF and an eNB integrated mode using LWA/LWIP.  The impact on user experience could also be poor.  For these reasons a method is needed to either manage or avoid such ping pong between different modes of operation.  There are at least the following possible solutions:
Solution 1:  Within a PLMN only allow one method to be used, either LWA/LWIP or ANDSF.  This is in line with the current solution documented in CR [2] which was incorporated into 3GPP TS 23.402.
Evaluation:
This is simple, however, it is arguably overly restrictive since either:

· UEs are unable to use LWA/LWIP anywhere in a PLMN even though an operator has deployed the feature.
· Or, UEs do get to use LWA/LWIP but are often without WLAN service, which they might otherwise be able to obtain using ANDSF, because they are not under coverage of a WLAN having connectivity into an LWA/LWIP eNB.
Solution 2:  Allow ‘handover’ between LWA/LWIP and ANDSF modes of operation even when the device is currently receiving service over WLAN.  Optionally reduce frequency of ‘handover’ through device implemented hysteresis

Evaluation:
Such handover can lead to heavy signalling load and can impact user experience. 

Use of hysteresis is problematic for LWA/LWIP in the direction of moving from ANDSF preferred WLAN to LWA/LWIP preferred WLAN since if the LTE eNB RRM requests LWA/LWIP WLAN connectivity it will need it at that point in time (not some seconds later when a hysteresis timer has expired).  A hysteresis timer controlling a reselection from a LWA/LWIP preferred WLAN to an ANDSF preferred WLAN, may be more feasible, however, it’s not clear that such a reselection in this direction would be of interest to the operator at least for non-roaming devices, since if the operator has deployed LWA/LWIP then it can be expected that the operator wants the feature to be used whenever possible.
Solution 3: In this solution, if currently the UE has not selected a WLAN then either ANDSF or LWA/LWIP may be used for WLAN selection and traffic routing.  In this instance the UE shall first attempt to select a WLAN according to ANDSF.   However, if a UE is currently using a WLAN which was selected using a particular mode of operation (respectively ANDSF or LWA/LWIP) then the UE shall preferentially perform any WLAN reselection according to that same mode of operation. Only if the UE is unable to maintain association over WLAN using its current mode of operation, respectively either ANDSF or a RAN aggregation mode,  may the device attempt to reselect to a WLAN according to another mode of operation, respectively a RAN aggregation mode or ANDSF.  
Evaluation:
With this solution the investment that the operator has made in both features (ANDSF and LWA/LWIP) can be enjoyed.  There are no concerns about ping pong affecting signalling load or user experience when the device is currently receiving service over WLAN.  

Switching between modes (ANDSF ↔ LWA/LWIP) might still occur on the occasions when the device is unable to or not required to continue receiving service on a WLAN based on its current in-use mode of operation.  Note that if the signalling associated with such changes in mode of operation were still a concern to an operator, then an RPLMN operator could optionally configure ANDSF MO geographic validity areas such that geographic regions where LWA/LWIP has been deployed will not have WLANs accessible via ANDSF.  This could for example be used to support a scenario where an operator has deployed LWA/LWIP in the North of the country with Vendor X (and wishes to use LWA/LWIP in that area) but where the operator has not deployed LWA/LWIP in the South of the country with Vendor Y (and wishes devices to use ANDSF in that area).   
6 Conclusions

Proposal:  It is proposed to adopt Solution 3, which can be seen as a compromise between Solution 1 and 2.  In solution 3, if currently the UE has not selected a WLAN then either ANDSF or LWA/LWIP may be used for WLAN selection and traffic routing.   However, if a UE is currently using a WLAN which was selected using a particular mode of operation (respectively ANDSF or LWA/LWIP) then the UE shall preferentially perform any WLAN reselection according to that same mode of operation. Only if the UE is unable to maintain association over WLAN using its current mode of operation, respectively either ANDSF or a RAN aggregation mode,  may the device attempt to reselect to a WLAN according to another mode of operation, respectively a RAN aggregation mode or ANDSF.  
A companion CR has been produced [3].
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