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Discussion and Decision
1 Introduction 
In our previous contribution[1], we discussed some IDC related issues with WLAN measurements. In this revised version we provide additional analysis and point out that all the solution approaches currently in the TR 37.834[2] are subject to IDC interference issues, as long as the WLAN measurements are involved in the interworking decision process.
In Section 2, we first identify two scenarios where IDC interference issues can happen when UE WLAN measurement is performed and the adverse effects resulted from these scenarios. In Section 3, we discuss some potential issues by using Release-11 IDC signalling procedures to deal with the IDC interference problems in UE WLAN measurement for WLAN/3GPP Radio Interworking use cases. In Section 4, we discuss how some of the Release-11 IDC solutions that can deal with the IDC interference problems in UE WLAN measurement use cases.
2 IDC scenarios for UE WLAN measurements
As the studies in TR 36.816 [3] have shown, UEs equipped with multiple and collocated radio transceivers are subject to IDC (In-device Coexistence) interference problems, where transmitting in one frequency band interferes with receiving in another, within the same UE. For example, when LTE coexist with WLAN, the transmitter of LTE band 40 will affect receiver of WiFi and vice-versa. In addition, LTE FDD band 7 UL transmitter will affect WiFi receiver, but no impact on LTE receiver from WiFi transmitter.

In WLAN/3GPP Radio Interworking use cases, it should be reasonable to assume that the UE architectures considered in this SI are equipped with multiple and collocated radio transceivers, and thus also subject to IDC interference problems. However, since UE WLAN measurement control and reporting is new to 3GPP, the impacts of IDC interference problems in WLAN measurement use cases may need further study.
In particular, when UE WLAN measurement is performed, we think the IDC interference issues can happen and cause performance impacts in the following two scenarios:

Scenario 1: LTE UL transmission may colour UE WLAN measurements conducted at the same time.
As UE WLAN measurements are conducted through measuring DL WLAN Beacon frames or Probe Response frames, the quality of WLAN measurement will be affected by concurrent LTE UE transmissions in the bands identified in [3]. When LTE UL transmission occur at the same time UE WLAN measurement is conducted, UE WLAN measurement will be “coloured” and resulted in signal strength reading worse than that without colouring. Note that both coloured and non-coloured reports will be sent to the network.
Coloured WLAN measurement reports, when used by the network unknowingly, may cause inefficient traffic steering decisions as the network may think the UE still does not have WLAN APs with good enough signal strength in the range, while in fact there are. This situation will result in less than expected utilization to steer traffic to WLAN.
Scenario 2: LTE DL reception may be affected by UE WLAN probe requests when conducting WLAN “active scan” at the same time.

This scenario happens when UE uses “active scan” for UE WLAN measurements. As specified in [4] and widely used in many WLAN chipset implementations, when discovering or measuring WiFi APs, a WLAN STA may perform active scanning by generating Probe request frame with wildcard SSID and subsequently processing the received Probe Response frames by the APs operating at the WLAN channel. This operation can also be used to measure the signal quality of the discovered WLAN APs.
When LTE DL transmission occur at the same time the WLAN Probe Request is sent for UE WLAN measurement purpose, the LTE DL transmission will be affected and may result in degraded LTE DL performance.
In summary, IDC interference issues can affect the quality of WLAN measurement and in turn affect the traffic steering decisions for WLAN/3GPP Radio Interworking use case. IDC interference issues during WLAN measurement may also affect LTE DL performance. Note that all the solution approaches currently in the TR [2]are subject to IDC interference issues, as long as WLAN measurement are involved in the interworking decision process.

As a result, we propose that RAN2 should consider further studies to identify the impact of the problem and potential solutions regarding IDC issues in WLAN/3GPP Radio Interworking use case. In addition, we propose that IDC issues on WLAN measurements should be taken into account when evaluating the candidate solutions for WLAN/3GPP Radio Interworking SI.
Proposal 1: RAN2 is requested to agree that the IDC interference issues can affect the quality of WLAN measurement and LTE DL performance. The impact of IDC interference issues to WLAN measurement needs to be further studied. In addition, IDC issues on WLAN measurements should be taken into account when evaluating the candidate solutions for WLAN/3GPP Radio Interworking SI.
3 IDC signalling procedures for UE WLAN measurements

In this subsection, we discuss some potential issues by using Release-11 IDC signalling procedures to deal with the IDC interference problems in UE WLAN measurement for WLAN/3GPP Radio Interworking use cases. 
As illustrated in TS 36.300 [5], Release-11 IDC signalling procedures can be understood by a three-phase approach in Figure 1. In order to better understand the time sequence of WLAN measurement operations and IDC procedures, we enhance Figure 1 with “Phase 0” before Phase 1 to depict the situation in WLAN measurement use cases.
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Figure 1. Different phases of IDC interference related operations by UE in WLAN measurement use cases

-
Phase 0: the UE starts to engage in WLAN measurement activities when either the eNB configures UE with WLAN measurement objects for periodic reporting or event-based reporting (e.g. “solution 3”), or the UE starts autonomous evaluation due to policies or rules for interworking purposes (e.g. “solution 1” or “solution 2”). 
· For periodic reporting configured by eNB, the UE immediately starts measuring the WLAN channels and generating reports. At some point, UE may detect that it starts to experience IDC interference and enters Phase 1 of the above figure. 
· For event-based reporting configured by eNB, with threshold related to WLAN signal quality is configured, the UE starts to measure the WLAN channels to evaluate whether the event threshold is satisfied or not. At some point, UE may then detect that it starts to experience IDC interference and enter Phase 1 of the above figure.
· For autonomous UE WLAN evaluation initiated by UE policies/rules, the UE immediately starts measuring the WLAN channels for policy/rule evaluations. At some point, UE may detect that it is experiencing IDC interference and enters Phase 1 of the above figure.
-
Phase 1: The UE detects start of IDC interference but does not initiate the transmission of the IDC indication to the eNB yet.

-
Phase 2: The UE has initiated the transmission of the IDC indication to the eNB and no solution is yet configured by the eNB to solve the IDC issue.

-
Phase 3: The eNB has provided a solution to solve the IDC interference reported by  the UE.

We notice that the current IDC signalling approach may have some issues when applied to WLAN measurement use cases. Specifically, during Phase 1 & 2, the UE may have already collected several coloured WLAN measurements before network provides a solution to resolve IDC interference. The coloured WLAN measurements will result in either coloured measurement reports sent to the network (marked as red in Figure 1) or inaccurate measurement evaluation data points consumed internally by UE RRC state machine (for event-based triggering) or UE WLAN policy/rule evaluation function (for autonomous evaluation). 
Issue #1: coloured measurement reports used by the network 
For coloured WLAN measurement reports, the problem is that the network has no way to know which reports are coloured and which are not. If the network makes traffic steering decisions based on coloured WLAN measurement reports (or mix of coloured and non-coloured reports), the network may end up in situations where it thinks the UE still does not have WLAN APs with good enough signal strength in the range, while in fact there are. This situation will result in less than expected utilization to steer traffic to WLAN.
Issue #2: coloured measurement used by the UE 
Coloured WLAN measurement evaluation data points, if consumed internally by UE RRC state machine, may lead to incorrect WLAN measurement event triggers. For example, as a candidate measurement event described in the TR [2], “W1” event is triggered when WLAN becomes better than a threshold (to trigger traffic steering to WLAN). With coloured WLAN measurement evaluation data points, the UEs will underestimate the signal quality of surrounding WLAN APs, and result in less than expected utilization to steer traffic to WLAN. On the contrary, when “W2”
event is triggered due to WLAN becomes worse than a threshold (to trigger traffic steering from WLAN), coloured WLAN measurement evaluation data points will cause UEs to overestimate the degree of signal deterioration of surrounding WLAN APs. This will result in more than expected WLAN traffic steering back to 3GPP.
Similarly, if coloured WLAN measurement evaluation data points are consumed internally by UE WLAN policy/rule evaluation function (e.g. “Solution 1” and “Solution 2” in the TR [2]), the UE policy/rule decisions may underestimate or overestimate the signal quality of surrounding WLAN APs by coloured WLAN measurements in a similar fashion as discussed above.
In summary, coloured measurement used either by the network or UE will result in incorrect traffic steering and inefficient utilization issues for WLAN/3GPP Radio Interworking. These issues are not identified and cannot be addressed by Release-11 IDC signalling procedures. As a result, we think Release-11 IDC signalling procedures are not adequate in dealing with the IDC interference problems in UE WLAN measurement for WLAN/3GPP Radio Interworking use cases. We think the IDC signalling procedures for UE WLAN measurement use cases needs further study.
Proposal 2: RAN2 is requested to agree that current Release 11 IDC signaling procedures are not adequate in dealing with the IDC interference issues when WLAN measurement is performed for WLAN/3GPP radio interworking use cases. The IDC signalling procedures for UE WLAN measurement use cases need further study.
4 IDC solutions for UE WLAN measurements

In this subsection, we briefly discuss how some of the Release-11 IDC solutions can deal with the IDC interference problems in UE WLAN measurement control and reporting use cases. 

1. UE autonomous solutions: LTE denials for infrequent short-term events

UE can autonomously deny LTE resources, e.g. LTE UL transmissions, in order to ensure WLAN measurements are not coloured. However, the denial rate for WLAN measurements and the relationships with Beacon intervals may need to be further studied to determine whether LTE performance is impacted or not.

2. UE autonomous solutions: ISM denials for LTE important reception

This scheme may be suitable for the scenarios where LTE DL reception may be affected by UE WLAN Probe Requests. Since UE can decide when to send out Probe Request frames, UE can coordinate the WLAN UL transmission with LTE DL reception of important LTE signalling, e.g. system information, paging, synchronization signal, critical dedicated signalling, etc.

3. Network solutions: FDM solution

The basic concept of an FDM solution is to move the LTE signal away from the ISM band. This scheme may be applicable to some LTE/WLAN band scenarios as studied in TR 36.816. However, as some results in TR 36.816 described, LTE activity in any portion of Band 40 will have serious impact on the lowest 20MHz of the ISM band and thus move the LTE signal within Band 40 may not help.
4. Network solutions: TDM solutions

Various mechanisms were proposed in this scheme. For example, DRX based TDM solution when used in a predictable way, e.g. the eNB ensures a predictable pattern of unscheduled periods, may give some “window of opportunities” for UE WLAN measurements. However, how the DRX patterns should be designed to fit the timing of either passive or active WLAN scanning mechanisms may need further study.
On the other hand, although designed for GNSS interference issues, uplink scheduling restriction based solution may be also applicable to passive UE WLAN measurements. If certain portion of UL “free time” can be reserved for WLAN measurement, the UE may take advantage of the free time and enhance the chances to collect interference-free Beacon measurements over a period of time. However, the effectiveness of this approach may need further study. 
In summary, we see that some of the existing Release-11 IDC solutions may be able to deal with the IDC interference problems in UE WLAN measurement control and reporting use cases. However, in most cases, the effectiveness in applying them to WLAN measurement may need further study. In addition, we think some other new IDC solutions may worth exploration for WLAN measurement use cases.
Note that the quality of UE WLAN measurements is also affected by other interference sources or technologies, e.g. Bluetooth. However, the mitigation mechanisms for such problems are outside the scope of 3GPP standardization.
Proposal 3: RAN2 is requested to agree that current IDC signaling solutions need further study to understand the effectiveness in dealing with the IDC interference issues when WLAN measurement is performed for WLAN/3GPP radio interworking use cases.
5 Conclusion 
Regarding IDC issues in WLAN measurement use cases, we make the following proposals:
Proposal 1: RAN2 is requested to agree that the IDC interference issues can affect the quality of WLAN measurement and LTE DL performance. The impact of IDC interference issues to WLAN measurement needs to be further studied. In addition, IDC issues on WLAN measurements should be taken into account when evaluating the candidate solutions for WLAN/3GPP Radio Interworking SI.
Proposal 2: RAN2 is requested to agree that current Release 11 IDC signaling procedures are not adequate in dealing with the IDC interference issues when WLAN measurement is performed for WLAN/3GPP radio interworking use cases. The IDC signalling procedures for UE WLAN measurement use cases need further study.
Proposal 3: RAN2 is requested to agree that current IDC signaling solutions need further study to understand the effectiveness in dealing with the IDC interference issues when WLAN measurement is performed for WLAN/3GPP radio interworking use cases.
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