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1 Introduction

At RAN2-89 the following agreements regarding in-device coexistence handling were made:
	Agreements
1
The existing IDC solutions can be used to support Wi-Fi background scanning (e.g. by means of IDC TDM; Autonomous Denial). 

2
The existing IDC solution can also be used to indicate interference problems for cases where the UE (intends to) uses WiFi on the same or adjacent carrier to the LAA carrier.




The RAN2 TP for LAA was updated accordingly and comprises a section explaining how the Rel-11 IDC framework may be used to address the new LAA use cases.

At RAN2-89bis several papers were submitted that suggested discussing the need for further enhancements of this IDC framework. However, during the related discussions in the meeting RAN2 did not reach consensus that such enhancements are needed. 

In this paper we elaborate further how the Rel-11 IDC framework applies to LAA and why no further enhancements of this functionality are needed in the context of LAA. Furthermore, we suggest some updates to the TR to clarify the applicability of IDC in the context of LAA.
2 Discussion
Concerns were raised in [2] and [3] that the standardized IDC indication is not sufficient to indicate that UE intends to perform Wi-Fi access on (or adjacent to) an already configured LAA SCell or that the UE already performs Wi-Fi access on (or adjacent to) a carrier which the network is going to configure as an LAA SCell. 

We acknowledge that the use cases discussed in the context of the IDC work item in Rel-11 did not cover the case where LTE and another radio technology occur on the same carrier frequency. However, we believe that the signalling and functionality introduced in Rel-11 is sufficient also for the new LAA use case. 

TS 36.300 [1], section 23.4 describes the IDC procedure as follows:
	When a UE experiences IDC problems that it cannot solve by itself and a network intervention is required, it sends an IDC indication via dedicated RRC signalling to report the IDC problems to the eNB. The UE may rely on existing LTE measurements and/or UE internal coordination to assess the interference and the details are left up to UE implementation.

NOTE:
For instance, the interference is applicable over several subframes/slots where not necessarily all the subframes/slots are affected and consists of interference caused by the aggressor radio to the victim radio during either active data exchange or upcoming data activity which is expected in up to a few hundred milliseconds.

A UE that supports IDC functionality indicates this capability to the network, and the network can then configure by dedicated signalling whether the UE is allowed to send an IDC indication. The IDC indication can only be triggered for frequencies for which a measurement object is configured and when:

-
for the primary frequency, the UE is experiencing IDC problems that it cannot solve by itself;

-
for a secondary frequency, regardless of the activation state of the corresponding SCell, the UE is experiencing or expects to experience upon activation IDC problems that it cannot solve by itself;

-
for a non-serving frequency, the UE expects to experience IDC problems that it cannot solve by itself if that non-serving frequency becomes a serving one.


The first paragraph and the subsequent note allow the UE report IDC problems even if it could actually not (yet) measure that interference. Hence, it allows the UE to report an IDC problem in cases where the UE is currently configured with an LAA SCell but intends to use Wi-Fi on the same or adjacent frequency or on a frequency causing interference. Also the opposite case is addressed by the specification text above: before configuring an LAA SCell, the eNB will usually configure a measurement object for that LAA carrier. The last bullet in the cited 36.300 text allows the UE to report an IDC issue with that carrier as soon as the eNB configures the measurement object. Hence, the UE makes the eNB aware of the IDC problem that would arise if the eNB configures that carrier as LAA SCell. 
Observation 1 In accordance with the existing IDC mechanism the UE should inform the network when it intends to perform Wi-Fi access on (or adjacent to) an already configured LAA carrier and if it expected this to cause IDC issues. 

Observation 2 In accordance with the existing IDC mechanism the UE should inform the network upon configuration of a measurement object for a carrier if it expects that the configuration of this carrier as Serving Cell would cause IDC issues. 
To clarify these observations, we suggest some clarifications in the LAA TP.

Proposal 1 Adopt the changes in section 3 to clarify how the existing IDC solution should be used in the context of LAA.

Besides the actual interference, also the UE capabilities may become limiting as highlighted in [3]: “hardware contention issues may lead to scenarios where the Wi-Fi operation may be impacted”. This may be the case when the UE wants to use an RF for Wi-Fi that was previously associated with an LAA SCell. In [3] it is therefore suggested that the “UE indicates its capability of simultaneous support for LAA and Wi-Fi and frequency separation necessary for supporting simultaneous operation”. We agree that such problems will arise if the UE should be allowed to advertise LAA capabilities which it is not able to fulfil when running Wi-Fi and therefore we find it questionable whether it should be allowed. But even if allowed, we don’t see the need to reflect these limitations in the UE capabilities since the eNB is in general anyway not in control and not aware of the configuration of the UE’s Wi-Fi/BT/GNSS modems. Generally, the UE capabilities enable the eNB to select a valid configuration and therefore the UE shall not declare an RRC Reconfiguration Failure (which was suggested in [2]) even if hardware contention issues or IDC problems occur. In our view, the IDC indication provides sufficient information for the eNB. 
Proposal 2 If the UE shares hardware components (e.g. RF, …) between Wi-Fi and LAA it shall not declare an RRC Reconfiguration failure when the received RRC Connection Reconfiguration leads to concurrent use of the shared hardware components.

Proposal 3 Discuss whether the UE may consider hardware contention issues (e.g. concurrent use of shared hardware components for LAA and WiFi) as IDC issue and report by means of the IDC indication.

The contribution in [3] also suggests that the “UE is allowed to autonomously deny LAA subframes to sustain operation of other RATs (e.g. Wi-Fi) if the provided IDC solution is insufficient to sustain operation on the other RAT or if IDC is not configured” and that the “UE may generate and report low LAA CQI for the subframes that are autonomously denied to sustain operation of other RATs”. We think that neither autonomous denial nor CQI (or RRM measurement) reporting requires any modifications to what is specified in Rel-11. The UE may deny LTE UL transmission up to the configured denial rate. The measurements may reflect IDC interference while in phase 1, i.e., before the UE has provided an IDC indication to the NW and if the eNB does not offer a solution. In these occasions the UE may indeed report a low CQI.
Observation 3 The existing “autonomous denial” as configurable in the context of IDC applies also for IDC issues arising with LAA. 

Observation 4 The existing rules for CQI measurements apply also for IDC issues arising with LAA. 

Based on [4], RAN2 discussed a scenario where a UE is supposed to simultaneously transmit Wi-Fi and LAA on adjacent carriers. The in-device interference caused by Wi-Fi would be observed by the LBT mechanism of LAA and hence the UL LAA transmission would be blocked unnecessarily by LBT. [4] explained that this would be inefficient as not all UL resources would be used even though they could have been used. However, at RAN2-89bis it was agreed that “RAN2 does not consider the efficiency in this particular scenario as a problem”. It should also be noted that the same “problem” occurs anyway in the opposite direction if the Wi-Fi’s LBT mechanism observes interference caused by an already ongoing LTE UL transmission on a licensed (or unlicensed) carrier. Beyond this, we also believe that a UE configured with Wi-Fi and LAA on adjacent carriers would anyway indicate IDC problems primarily due to the expected problems in data reception (DL LAA reception interfered by Wi-Fi transmission and vice versa). Based on such an indication the NW would try to resolve the problem. If the UE provides TDM information and if the network configures and applies a DRX scheme accordingly, the UE is supposed to deny Wi-Fi transmissions during the LTE On-Durations in order to be able to receive the LTE DL. Consequently, also the above-mentioned uplink LBT problem will not occur. Another solution to the problem would be to rely on the eNB to perform LBT also for the LAA UL transmissions, i.e., if the eNB passes LBT and sends the UL grant the UE transmits PUSCH without performing LBT. Therefore, as RAN2 already suggested, we don’t see a need to discuss this particular scenario further or to introduce additional functionality. 
Observation 5 In line with recent RAN2 agreements we don’t consider the concurrent LAA and Wi-Fi transmissions and the possibly resulting inefficiency as a problem that would justify further enhancements. 

Finally, [5] suggests to “Discuss whether IDC configuration should be mandated when an LAA SCell is configured”. We believe that this is up to network implementation and configuration and therefore see no need to specify such network behaviour. On the other hand one could consider making support of the Rel-11 IDC reporting functionality mandatory for UEs supporting LAA. However, this would only be needed for UEs supporting also another RAT and secondly, it would be in the UE’s own interest to convey such information to the network. Therefore, we don’t see a need to mandate support of IDC for UEs supporting LAA. 

Observation 6 UEs supporting LAA and Wi-Fi should also support IDC reporting. However, there is no need to (conditionally) mandate this in specifications. 
3 Text Proposal

The following changes are supposed to clarify the RAN2 TP in accordance with the argumentation in section 2.
7.2.2.6
In-device coexistence (IDC)

In Rel-11, solutions were introduced for handling in-device coexistence interference due to extreme proximity of multiple radio transceivers within the same UE operating on adjacent frequencies or sub-harmonic frequencies.

LAA design should support LAA with multiple other-technology radio modems, where it should, e.g., be possible to detect WLAN networks during LAA operation; note that this does not imply concurrent LAA+WLAN reception/transmission.

Current devices already support multiple RATs operating in close proximity. An example is shown in Figure 7.2.2.6 – 1, where transmissions by an LTE transmitter cause interference to a GPS receiver and a Bluetooth/WLAN receiver, and the Bluetooth/WLAN transmitter causes interference to the LTE receiver.
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Figure 7.2.2.6 - 1: Self-interference in a device
When the UE identifies that there is IDC type of interference, the UE shall first try to solve the problems internally. If this does not succeed, the UE can indicate to the eNB that it experiences IDC problems which it cannot solve itself. In accordance with 36.300 it is up to implementation how the UE detects IDC problems and it may be based on interference “which is expected in up to a few hundred milliseconds”. Hence, the existing mechanism allows UEs to send an IDC indication if it intends to use WLAN on or adjacent to an already configured LAA SCell. Similarly, it may send an IDC indication as soon as the eNB configures an inter-frequency measurement object on a carrier which would, if configured as LAA SCell, cause IDC problems.

First, the UE indicates the frequencies that are suffering from IDC interference. In addition, if the UE determines that the IDC problems can be solved in a TDM-manner (i.e. by multiplexing the use of the interfering transceivers in time) the UE can indicate a bit-map or DRX cycles to the eNB which indicates which TTIs are affected by IDC interference.

When the eNB gets the indication, it can take action to solve the problems, for example, by performing a handover of the UE to other frequencies, removing the problematic cell or configuring the UE with a DRX-configuration which would solve the problem.
The existing IDC solutions can be used to support WLAN background scanning (e.g. by means of IDC TDM; Autonomous Denial) during LAA operation. The existing IDC solution can also be used to indicate interference problems for cases where the UE (intends to) uses WLAN on the same or adjacent carrier to the unlicensed carrier.
4 Conclusion

Based on the discussion in section 2 we propose the following:
Proposal 1
Adopt the changes in section 3 to clarify how the existing IDC solution should be used in the context of LAA.
Proposal 2
If the UE shares hardware components (e.g. RF, …) between Wi-Fi and LAA it shall not declare an RRC Reconfiguration failure when the received RRC Connection Reconfiguration leads to concurrent use of the shared hardware components.
Proposal 3
Discuss whether the UE may consider hardware contention issues (e.g. concurrent use of shared hardware components for LAA and WiFi) as IDC issue and report by means of the IDC indication.
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