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1 Introduction
This document is a slightly modified version of our earlier document (R2-154832) submitted to RAN2#91bis. In RAN2#91 meeting, the nature of the relationship between Release-12 RAN assisted WLAN Interworking (RAIWK) and Release-13 network controlled LTE-WLAN interworking (RCLWI) was discussed but no agreements were reached. An email discussion [4] was started after RAN2#91bis to resolve (among other things), the issue of UE behaviour in RRC_IDLE but the situation remains inconclusive. In this contribution, we provide our views on how these topics may be resolved.
2 Discussion
There appears to be an emerging consensus in RAN2 to develop common functionality for the aggregation (LWA) and interworking (LWI) aspects of this WI [1]. In RAN2#89BIS, RAN2#90, and RAN2#91, the following agreements reflecting such a common approach were reached.
1. We extend the RRM measurement framework by adding WLAN measurement reporting. 

2. As baseline the measurement metrics defined in Rel-12 for RAN rules are supported for reporting
(This does not preclude direct provisioning of measurements from WLAN to eNB)

3. The eNB may configure measurement objects for WLAN measurements. 

4. RAN2 considers the interface for directly providing metrics such as BSS load from WLAN to eNB as beneficial (for the deployments where an interface is feasible) and suggests RAN3 to specify it as described in the WID. 

5. The eNB provides the UE with a group of APs (e.g. by SSID, HESSID or BSSID) among which WLAN mobility mechanisms apply while still supporting interworking, i.e., the UE may perform mobility transparent to the eNB. FFS how the IDs are provided to the UE.

6. UE mobility across such groups of APs is controlled by the eNB e.g. based on measurement reports provided by the UE.

7. The UE indicates the supported WLAN bands in the capability signalling for interworking and aggregation.

8. UE is configured with measurements for WLAN using the WLAN numerologies (e.g. 'Country', 'Operating Class', and/or 'Channel Number') (same principle as for CDMA2000).

In RAN2#91bis, it was additionally agreed that “RAN2 will not define separate events for LWA and (RC)LWI”. Some agreements on measurement event definition, WLAN measurement metrics and WLAN measurement object configuration were reached. In this contribution, our primary focus is on how RAIWK and RCLWI can co-exist.

Before getting into a discussion of how RAIWK and RCLWI can work together, it is important to clarify the relationship between LWA and RCLWI. While it is certainly efficient to develop common functionality for two different but related features, it is also important to bear in mind that there are some essential differences between LWA and RCLWI. The LWA feature requires some upgrades to the currently deployed WLAN nodes. For example, the concept of a WT has been defined and a GTP-U based user plane interface between the eNB and WT has been adopted to support the LWA feature. In contrast, the RCLWI feature was initially devised during the WLAN-3GPP radio interworking SI in Release 12 [2], and no impact on deployed WLAN nodes was deemed necessary. In order to ensure that RCLWI can be deployed widely, it is desirable that the feature work with deployed WLAN nodes. Accordingly we propose the following.

Proposal 1: The Release-13 network controlled LTE-WLAN interworking feature should be deployable over existing WLAN nodes.

It is important to point out that the above proposal does not preclude the development of common functionality for LWA and RCLWI alluded to earlier. For example, an interface between the eNB and WT to exchange metrics like BSS load is beneficial (as agreed in RAN2). Our position however is that such an interface should not be necessary to deploy the RCLWI feature (e.g., by relying on UE based reporting).

In the sequel, we focus on the relationship between RAIWK and RCLWI. For ease of discussion, we discuss operation in RRC Idle and RRC connected state in separate sub-sections as follows.
2.1 RRC Connected 
In the case of RAIWK, the AS layers sends indications to the higher layers when RAN rules are satisfied [3]. Similarly, it can be imagined that in the case of RCLWI, the AS layer sends indications to the higher layers on receipt of traffic steering command from the eNB. Since a UE may support both RAIWK and RCLWI features, it becomes important to consider whether both features can be deployed in a UE at the same time (of course this only applies to RRC CONNECTED state). There are three potential options that need to be considered (for UEs that support both RCLWI and RAIWK).
Option 1: Both RAIWK and RCLWI are allowed to be simultaneously active without any explicit eNB control. If the UE is RAIWK capable and the eNB broadcasts SIB17 or sends (RAIWK) RRC dedicated message to the UE, then the UE sends indications to the higher layers when RAN rules are satisfied without any consideration of the RCLWI feature. Similarly, if the UE receives a (RCLWI) traffic steering command from the eNB, then it sends an indication to the higher layers. Note also that in both cases the indication can identify the source of the trigger as either RAN rules or traffic steering command.
Option 2: The eNB explicitly informs the UE whether RAIWK, RCLWI, or both are enabled.
Option 3: The eNB explicitly informs which feature (RAIWK or RCLWI) is enabled (i.e., no possibility of simultaneous RAIWK and RCLWI).
We note that option 3 is a strict subset of option 2. We believe that there may be scenarios where allowing both RCLWI and RAIWK simultaneously is desirable. Observe that RAIWK can be achieved via both common and dedicated signalling, but RCLWI can only be achieved by dedicated signalling (traffic steering command). If both RAIWK and RCLWI are deployed, then it becomes possible to rely on (radio efficient) broadcast signalling provided by RAIWK for most UEs and at the same time use RCLWI to steer particular UEs (e.g., those generating large amounts of data traffic). 
Observation 1: Enabling both RAIWK and RCLWI features simultaneously may benefit by reducing dedicated RRC signalling.
Accordingly, we propose the following.
Proposal 2: RAN2 is requested to choose either option 1 or option 2 as described above.
Note that with option 2, it is of course possible to disable RAIWK altogether. However if both RCLWI and RAIWK are deployed at the same time, then coexistence issues need to be addressed. 
We note that there may be situations when simultaneous operation of RCLWI and RAIWK can lead to undesirable ping-pong behaviour. Consider the following sequence of steps.
1. UE is asked to steer traffic to WLAN from LTE by traffic steering command (RCLWI).
2. After steering traffic, Rel-12 RAN rules kick in and steer traffic back to LTE (RAIWK).
3. The eNB may again send traffic steering command to the UE, and the cycle starts over.

It is also possible to think of other scenarios (e.g., when traffic is moved from WLAN to LTE) where such ping-pong behaviour can happen. We observe that in these scenarios, the RCLWI should prevail since dedicated signalling should be prioritized over common signalling (it is unlikely that dedicated RAIWK RRC signalling will collide with RCLWI).
Observation 2: When RAIWK and RCLWI features are enabled simultaneously, UEs should resolve any conflict in favour of RCLWI.
A straightforward mechanism to prevent the ping-pong behaviour explained above would be to temporarily disable evaluation of RAN rules. The UE starts a timer (potentially configurable by the eNB) immediately on receipt of a traffic steering command are received. As long as the timer is running, the UE suspends evaluation of RAN rules (and sending corresponding indications to higher layers). After the timer expires, the UE resumes evaluation of RAN rules. 
Proposal 3: RAN2 is requested to develop a timer based mechanism to avoid ping-pong when RAIWK and RCLWI are enabled at the same time.
2.1 RRC Idle 
We begin by observing that network controlled traffic steering is only possible in RRC Connected state. We can consider three potential mechanisms to handle RRC IDLE state operation as follows.
Option 1: Use RAIWK in RRC IDLE state
Option 2: UEs are configured to connect to RAN and wait for dedicated traffic steering commands (RCLWI)
Option 3: Leave it to UE implementation
In our opinion, Option 2 and Option 3 suffer from several disadvantages. As far as Option 3 is concerned, the network no longer has any control over UE behaviour leading to unpredictable performance. In the worst case, the UE may continue in RRC Idle state till the WLAN network becomes unusable. Option 2 also has many disadvantages. First, it may lead to unnecessary power consumption because the UE has to transition to RRC CONNECTED state to receive traffic steering commands, especially if the network subsequently steers all traffic to WLAN access. Second, to ensure predictable UE behaviour, further standardization work may be required to regulate how often UEs wake up and how long they stay awake. Third, even with such standardization it is not clear that Option 2 can in fact guarantee timely offload of traffic to WLAN (as opposed to RAIWK). Finally, since RAIWK is already standardized, Option 1 is immediately available to use. For these reasons we believe that Option 1 should be adopted by RAN2.
Proposal 4: When RCLWI feature is deployed, UEs will use RAIWK in RRC IDLE state.
If proposal 4 is accepted, the problem of ping-pong described earlier is also a concern. However, in this case also a timer based solution should work. 
Proposal 5: RAN2 is requested to develop a timer based mechanism to avoid ping-pong in idle mode.
If proposals 3 and 5 are accepted, then RAN2 can further discuss how the timer values are configured, whether the sets can be different for RRC Connected and RRC Idle modes etc.
5 Conclusions
In this contribution, we discussed the relationship between Release-12 RAN assisted WLAN Interworking and Release-13 network controlled LTE-WLAN interworking. Our observations and conclusions are summarized below.
Proposal 1: The Release-13 network controlled LTE-WLAN interworking feature should be deployable over existing WLAN nodes.
Observation 1: Enabling both RAIWK and RCLWI features simultaneously may benefit by reducing dedicated RRC signalling.
Proposal 2: RAN2 is requested to choose either option 1 or option 2 as described above.
Observation 2: When RAIWK and RCLWI features are enabled simultaneously, UEs should resolve any conflict in favour of RCLWI.
Proposal 3: RAN2 is requested to develop a timer based mechanism to avoid ping-pong when RAIWK and RCLWI are enabled at the same time.
Proposal 4: When RCLWI feature is deployed, UEs will use RAIWK in RRC IDLE state.
Proposal 5: RAN2 is requested to develop a timer based mechanism to avoid ping-pong in idle mode.
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