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1. Introduction
In Rel-13, the enhancements to LTE-WLAN Interworking aim to improve overall user throughput by means of the network-controlled WLAN offloading [1]. One of the guidelines of this WID is to develop solutions that will co-exist with other 3GPP/WLAN interworking solutions [1].  Furthermore, SA2 has also informed RAN2 of the agreed solution for “Co-existence between LTE-WLAN Radio Level Integration and Interworking Enhancement and other WLAN offloading solutions (e.g. ANDSF)” [2], which resolves the issue with co-existence issue in the higher layer. 
In this contribution, the issues with co-existence with prior solutions are discussed from the perspective of the UE’s AS-layer. 
2. Discussion
It is assumed that UE’s supporting WLAN interworking may be required to support both the Rel-12 RAN-assisted LTE-WLAN Interworking (RALWI) and the Rel-13 RAN-controlled LTE-WLAN Interworking (RCLWI). Based on our understanding the new mechanism (RCLWI) is based on the outcome of  the Rel-12 study [1], i.e., Solution 3 which describes “For UEs in IDLE mode and CELL_FACH, CELL_PCH and URA_PCH states the solution is similar to solution 1 or 2” [3].  Therefore, the Rel-13 solution may reuse or extend the mechanism already specified for RALWI in Rel-12. In particular, the UE’s handling of  SIB17 in Rel-13 in the AS-layer should be further discussed, as the existing SIB17 from Rel-12 is necessary to support ANDSF and for traffic steering in IDLE UEs [4]
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[5].
Proposal 1 RAN2 should discuss the UE’s AS-layer behaviour in Rel-13 in the presence of SIB17 required to support ANDSF and IDLE UEs in Rel-12. 
2.1. Connected mode UE behaviour 
In Rel-12, RALWI adopted the UE-based mechanism assisted by the NW. On the other hand, Rel-13 RCLWI supports the full NW-controlled traffic steering. So, if SIB17 is broadcasted as suggested in Proposal 1, the UE may arbitrarily perform the traffic steering according to the RAN rule (RALWI) even when the serving cell intends to control the UE with RCLWI, i.e., the steering command. For example, if the UE’s AS-layer behaviour is not well-defined, there may be situations wherein the serving cell wanted the UE to keep its traffic on LTE but the UE may have already decided to move traffic to WLAN. It’s no longer full-controllable from the serving cell’s perspective. So, it’s preferable that the use of RALWI and RCLWI can be controlled independently even if they share the same mechanism (i.e., the existence of SIB17). 
Observation 1 If the UE’s AS-layer behaviour for Rel-13 is not properly specified there may be a mismatch between the serving cell’s intention and the UE’s behaviour for traffic steering. 
The issue described in Observation 1 is one of the topics in an email discussion [4] and it was discussed whether the steering command should be defined with infinite thresholds of the existing RAN assistance parameter or as a new message, i.e., “Proposal 1” or “Proposal 2” in [4]. Although both approaches would work to support the required steering command, it may be worth further consideration on their applicability to unambiguously select RALWI and RCLWI without excessive UE complexity.  With the use of the infinite thresholds, i.e., “Proposal 1” in [4], the serving cell may activate RCLWI as soon as the thresholds are configured with the infinite values and this will serve to stop any existing RALWI.  However, even if the infinite thresholds approach is adopted, RALWI may still be performed up to the time when the UE receives the steering command (when the UE receives the configuration with infinite thresholds), as illustrated in Figure 1.
Observation 2 The UE-based traffic steering (RALWI) may continue until it receives the infinite thresholds, e.g., until SIB17 is updated with infinite thresholds. 
Proposal 2 RAN2 should discuss whether it is necessary to solve the potential uncontrollability condition that arises due to the presence of SIB17 as part of the NW-based mechanism. 
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Figure 1
 Possible uncontrollability caused by different mechanisms
If Proposal 2 is agreeable, four alternatives may be considered as follows: 

· Alternative 1: Pre-steering command stops RALWI 

It may be possible, especially with the infinite thresholds approach, that the serving cell sends the steering command when it intends to use RCLWI, regardless of where the traffic was actually steered. 
· Alternative 2: SIB indicates to stop RALWI 
SIB may be used to indicate whether RALWI is allowable. Rel-13 UEs should always prioritize RCLWI over RALWI whenever RALWI is prohibited, even if SIB17 or the dedicated RAN assistance parameter is provided. 
· Alternative 3: WLAN measurement object stops RALWI 
If the serving cell configures the UE with at least one WLAN measurement object captured in [6], the UE will assume the serving cell intends to use RCLWI. Thus, the UE should stop performing RALWI whenever a WLAN measurement object is configured. 
· Alternative 4: UE in CONNECTED stops RALWI 

The UE does not follow RALWI with the broadcasted RAN assistance parameter once it transitions to CONNECTED. In other words, a Rel-13 UE in CONNECTED will always ignore SIB17 [5]. 
Although all alternatives can be supported with simple enhancements, Alternative 1 or Alternative 3 would be beneficial from the per-UE controllability point of view, while Alternative 2 or Alternative 4 would be beneficial by avoiding NW complexity.  Between Alternative 1 and Alternative 3, Alternative 1 by itself may require additional enhancement to work correctly while the measurement configuration required with RCLWI in Alternative 3 implicitly stops the RALWI process. And between Alternative 2 and Alternative 4, Alternative 2 requires an explicit indication while Alternative 4, which assumes RALWI and RCLWI do not co-exist for UEs in CONNECTED, does not require any indication. From the perspective of signalling overhead and NW complexity, one of the implicit mechanisms is preferable.  Considering LTE-WLAN Aggregation (LWA) is also performed under UEs in CONNECTED and the UE is configured with WLAN measurements to add/modify/release the resources provided by WLAN, only Alternative 3 or Alternative 4 should be considered for the NW-based mechanism. 
Proposal 3 RAN2 should decide whether the UE-based traffic steering (RALWI) should be allowed when the UE is configured with WLAN measurement objects or in CONNECTED, and whether Alternative 3 or Alternative 4 should be adopted for the NW-based solution (RCLWI). 
Assuming the above requirements are clarified, it is also necessary to discuss whether the serving cell should know the initial condition of steered traffic should be when the serving cell intends to perform either RCLWI or LWA. For example, when the serving cell configures the UE with LWA Configuration [6] but some types of the UE’s traffic are already steered to WLAN, the improvement of user throughput may be limited or some errors in the configuration may occur. One of the simplest /safest ways could be for the UE to steer all traffic to LTE when it’s configured with WLAN measurement objects, but it may cause some negative impacts, such as overloading in LTE or ping-pong by the steering command. Another possibility would be for the UE to inform the serving cell of its traffic status, which may include various possibilities such as cause values within the WLAN modem status report [7], availability of offloadable traffic and so on.  In addition, when the UE’s WLAN is not available for RCLWI or LWA, e.g., in case the UE’s already connected to a user-preferred WLAN, it’s preferable that the UE should not be required to send any WLAN measurement report. In that sense, the serving cell would know the traffic status of the UE in advance of the measurement configuration. 
Proposal 4 RAN2 should discuss whether the serving cell should be aware if any of UE’s traffic is already active on an operator WLAN. 
Proposal 5 RAN2 should discuss whether the initial condition of traffic should be given upon/before WLAN measurement objects are configured. 

If Proposal 4 is desirable, RAN 2 should also consider whether the information regarding existing traffic on WLAN should be provided to the serving cell before or after the WLAN measurement configuration.
Proposal 6 RAN2 should also decide if the information on the existing traffic on WLAN needs to be provided to the serving cell before or after the WLAN measurement configuration. 

2.2. IDLE mode UE behaviour 
The UE behaviour in IDLE was discussed in the email discussion [4], and it provides a good summary and evaluations of the four solutions already proposed, i.e., “Proposal A~D” and “E” in [4]. One of the main discussions was whether or not to support T350 [10] after Rel-13 UE transitions to IDLE, i.e., “Proposal A/B” or “C/D”. If any timer is not supported, it may also cause frequent ping-ponging which results in negative impacts on UE battery consumption, e.g., due to the frequent transfer of PDN connection as pointed out in [4]. For example, for the UE located near the eNB, the UE’s traffic will likely remain in LTE under Rel-12 RALWI due to the stronger RSRP assuming the serving cell is not interested in steering traffic of all UEs to WLAN.  However, for Rel-13, the traffic for such an UE may be steered to WLAN with the steering command since the steering command may be easily directly towards specific UEs without affecting other un-targeted UEs, as illustrated in Figure 2. When the UE transitions to IDLE and remains connected to WLAN, the UE may move its traffic back to LTE immediately, assuming the UE follows the RAN rule (RALWI) in IDLE, if Proposal 1 is agreeable. So, the timer should be used to avoid such ping-ponging.  In addition, it should be discussed whether to reuse T350 starts upon RRC Connection Release, or to introduce a new timer starts upon reception of the steering command. 
Proposal 7 A validity timer for the steering command after the UE transitions to idle mode should be introduced, e.g., T350. 
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Figure 2
 Different dynamic ranges

If Proposal 7 is agreeable, another issue is how the UE behaves after the timer expires. Four options are potential candidates according to the email discussion [4]; 
· Option 1: After the timer expiry, the UE follows RALWI with SIB17. (“Proposal A” and partially “Proposal E” in [4])
· Option 2: Upon the timer expiry, the UE moves its traffic back to LTE, if active traffic are present. (“Proposal B” in [4])

· Option 3: The UE keeps its traffic in WLAN, unless the WLAN connection failure is declared. (“Proposal C” and partially “Proposal E” in [4]) 

· Option 4: The UE keeps its traffic in WLAN, unless the WLAN measurement event is triggered. (“Proposal D” in [4])
Option 1 may be the baseline assumption since it reuses the existing mechanism, i.e., no standardization effort is needed. 
Option 2 offers a simpler way to give a default condition from the NW’s point of view, i.e., it’s predictable since the traffic in IDLE mode always stay in LTE. However, it’s unclear how the UE decides whether to follow SIB17 (as Rel-12 RALWI) or to move traffic back to LTE regardless of the existence of SIB17 (as a new behaviour in Rel-13). 
With Option 3, the steering command, which the UE received before its transition to IDLE, is expected to be valid forever as long as the UE can maintain the connection to WLAN, wherein the criteria may be reused one for the WLAN status reporting as agreed that “The exact criteria to determine "WLAN connection failure" towards a WLAN are not specified” [11] So, this option is actually left up to UE implementation.  Also, similar to Option 2, it’s unclear which behaviour the IDLE UE should follow, Rel-12 RALWI or Rel-13 mechanism.

Option 4 may potentially provide the same behaviour as in CONNECTED, as pointed out in [4]. However, it’s not crystal clear whether the UE would know what to do from the event trigger information, since currently the events just triggers the WLAN measurement reporting, i.e., it’s up to NW implementations which link the UE moves its traffic to.  Also, similar to Options 2 and 3, it’s unclear which behaviour the IDLE UE should follow, Rel-12 RALWI or Rel-13 mechanism. 
Although Option 1 is our preference as stated in the email discussion [4], considering the Rel-13 Interworking Enhancement is expected to provide better NW controllability, it may be necessary to at least allow the serving cell to determine if the UE should follow the RALWI with SIB17 e.g., with an indication from the serving cell.  Alternatively, the new mechanisms for IDLE UEs described in Options 2~4 provide a more deterministic UE behaviour from the network’s perspective and maybe considered more suitable for Rel-13. 
Proposal 8 RAN2 should decide if it is necessary to adopt any new behaviour for IDLE UEs or if it is sufficient for IDLE UEs to follow the existing RAN rule, i.e., the same behaviour as in Rel-12. 
3. Conclusion 
In this paper, the possible issues in UEs in idle and connected mode are identified, from the perspective of AS-layer for co-existence with the existing mechanism. The solutions are provided and evaluated, taking into account Rel-13 Interworking Enhancements and also WLAN Aggregation.  RAN2 is kindly asked to take into account the observations/proposals below:
Proposal 1
RAN2 should discuss the UE’s AS-layer behaviour in Rel-13 in the presence of SIB17 required to support ANDSF and IDLE UEs in Rel-12.
Observation 1
If the UE’s AS-layer behaviour for Rel-13 is not properly specified there may be a mismatch between the serving cell’s intention and the UE’s behaviour for traffic steering.
Observation 2
The UE-based traffic steering (RALWI) may continue until it receives the infinite thresholds, e.g., until SIB17 is updated with infinite thresholds.
Proposal 2
RAN2 should discuss whether it is necessary to solve the potential uncontrollability condition that arises due to the presence of SIB17 as part of the NW-based mechanism.
Proposal 3
RAN2 should decide whether the UE-based traffic steering (RALWI) should be allowed when the UE is configured with WLAN measurement objects or in CONNECTED, and whether Alternative 3 or Alternative 4 should be adopted for the NW-based solution (RCLWI).
Proposal 4
RAN2 should discuss whether the serving cell should be aware if any of UE’s traffic is already active on an operator WLAN.
Proposal 5
RAN2 should discuss whether the initial condition of traffic should be given upon/before WLAN measurement objects are configured.
Proposal 6
RAN2 should also decide if the information on the existing traffic on WLAN needs to be provided to the serving cell before or after the WLAN measurement configuration.
Proposal 7
A validity timer for the steering command after the UE transitions to idle mode should be introduced, e.g., T350.
Proposal 8
RAN2 should decide if it is necessary to adopt any new behaviour for IDLE UEs or if it is sufficient for IDLE UEs to follow the existing RAN rule, i.e., the same behaviour as in Rel-12.


4. References
[1] RP-152213, “Revised WID: LTE-WLAN Radio Level Integration and Interworking Enhancement”, Intel Corporation, 3GPP RAN#70

[2] S2-154455, “Addition of CRLWI support”, Huawei, HiSilicon, Qualcomm, 3GPP SA2#112 
[3] TR 37.834, “Study on WLAN/3GPP Radio Interworking (Release 12)”, 3GPP 
[4] R2-156592, “Summary of email discussion: [91bis#18][LTE/WiFi] LTE/WLAN Interworking enhancements”, Huawei, 3GPP RAN2#92 
[5] R2-154694, “RAN assistance parameters for IDLE UE in Interworking Enhancement”, Kyocera, 3GPP RAN2#91bis 
[6] R2-157095, “Introduction of LTE-WLAN Aggregation”, Qualcomm Incorporated, 3GPP RAN2#92 

[7] R2-156661, “WLAN modem status indication”, Kyocera, 3GPP RAN2#92 

[8] R2-156902, “Introduction of LTE-WLAN Radio Level Integration and Interworking Enhancement stage-2”, Intel Corporation, 3GPP RAN2#92 

[9] R2-160032, “LWA Miscellaneous Corrections”, Qualcomm Incorporated, 3GPP RAN2 ASN.1 AH, 13-14 January 2016 
[10] TS 36.331, “Radio Resource Control (RRC); Protocol specification (Release 12)”, 3GPP 
[11] R2-156049, “Report of 3GPP TSG RAN WG2 meeting #91bis, Malmö, Sweden, October 5 – 10, 2015”, ETSI MCC, 3GPP RAN2#92 
_1515321222.vsd
Time


Intends RCLWI (NW-based)


  Performs RALWI (UE-based)


RCLWI (NW-based)


Steering command


Serving cell


UE


Possible uncontrollability


RCLWI


 RALWI


SIB17


SIB17


SIB17


SIB17



_1515329577.vsd
RSRP threshold in SIB17


LTE coverage


WLAN coverage


RALWI


RCLWI (steering command)


Operational dynamic range of; 


UE


Serving cell


WLAN



