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1 Introduction

In order to allow users to access various networks and services ubiquitously, an increasing number of UEs are equipped with multiple radio transceivers. For example, a UE may be equipped with LTE, WiFi, and Bluetooth transceivers, and GNSS receivers. Due to extreme proximity of multiple radio transceivers within the same UE operating on adjacent frequencies or sub-harmonic frequencies, the interference power coming from a transmitter of the collocated radio may be much higher than the actual received power level of the desired signal for a receiver. This situation causes In-Device Coexistence (IDC) interference.
Over a course of one year, good progress has been made in RAN2 and most work related to stage-2 and stage-3 specifications has been completed. This contribution tries to summarise the IDC solutions and analyze potential RAN4 impacts based on signalling and procedure specified so far.
2 IDC solutions and potential RAN4 impacts
Three kinds of solutions, i.e. Frequency Division Multiplexing (FDM) solution, Time Division Multiplexing (TDM) solution and LTE autonomous denial have been introduced to solve the IDC problem [2]. The basic concept of an FDM solution is to move the LTE signal away from the ISM band by performing inter-frequency handover within E-UTRAN. The basic concept of a TDM solution is to ensure that transmission of a radio signal does not coincide with reception of another radio signal. LTE DRX mechanism is used to provide TDM patterns (i.e. periods during which the LTE UE may be scheduled or is not scheduled) to resolve the IDC issues. Autonomous denial is to deny LTE transmission to protect ISM in rare cases if other solutions cannot be used. An example of whole procedure of solving IDC issue is shown in Figure 1 [2] [3], based on which we will analyze potential RAN4 impacts.
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Figure 1: Main procedure of interference avoidance for IDC
2.1 IDC capability indication
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.
2.2 IDC indication with assistance information
2.2.1 Indication triggering

When a UE experiences a level of IDC interference that cannot be solved by the UE itself and a network intervention is required, the UE sends an IDC indication via dedicated RRC signalling to report the problems. 
The details of the IDC indication trigger are left up to UE implementation: it may rely on existing LTE measurements and/or UE internal coordination. The IDC indication should be triggered based on ongoing IDC interference on the serving or non-serving frequencies, instead of assumptions or predictions of potential interference. The UE may only send an IDC indication for E-UTRA UL/DL carriers for which a Measurement Object is configured.
Potential RAN4 impact:

Since the details of the IDC indication trigger are left up to UE implementation, no impact is expected.
2.2.2 Indication content
To assist the eNB in selecting an appropriate solution, all necessary/available assistance information for both FDM and TDM solutions is sent together in the IDC indication to the eNB. 
The IDC assistance information contains the list of E-UTRA carriers suffering from ongoing interference, the direction of the interference and, depending on the scenario (see 3GPP TR 36.816 [4]), it also contains TDM patterns or parameters to enable appropriate DRX configuration for TDM solutions on the serving E-UTRA carrier. 
Potential RAN4 impact: 
No impact is expected.
2.2.3 Procedure related to indication update and handover
The IDC indication is also used to update the IDC assistance information, including for the cases when the UE no longer suffers from IDC interference. 
A prohibit mechanism is used to restrict the interval at which the UE sends the IDC indication. 
In case of inter-eNB handover, the IDC assistance information is transferred from the source eNB to the target eNB.
Potential RAN4 impact: 
To test the prohibit mechanism, it is required that a control module triggers the LTE module to send out IDC indications during a given period to verify whether the UE follows the prohibit mechanism. However, since how to trigger the IDC indication is left up to UE implementation, it seems difficult for RAN4 to define the test case for such prohibit mechanism.
2.3 IDC solution decision 
When notified of IDC problems through an IDC indication from the UE, the eNB can choose to apply a FDM solution or a TDM solution.
LTE DRX mechanism is used to provide TDM patterns to resolve the IDC issues. The following new DRX parameters were introduced to enable required TDM patterns to solve the IDC interference: drx-RetransmissionTimer = 0 psf, shortDRXCycle = 4 sf and LongDRXCycleStartOffset = 60 sf. 
Potential RAN4 impact:
Since these two new DRX cycle configurations (shortDRXCycle = 4 sf and LongDRXCycleStartOffset = 60 sf) are in-between the original value range of DRX cycle, RAN4 could reuse the existing RRM requirements when DRX is used. No impact is expected.
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2.4 LTE UL autonomous denial
In addition, the UE can autonomously deny LTE UL transmission (i.e. LTE UL autonomous denial) to protect ISM in rare cases if other solutions cannot be used. Conversely, it is assumed that the UE also autonomously denies ISM transmission (i.e. ISM autonomous denial) in order to ensure connectivity with the eNB to perform necessary procedures to resolve IDC problems. Since it seems uneasy to exhaustively list all the ISM important and rare events that autonomous denial should be performed in LTE specification, especially considering that possibly new ISM events will appear in the future. Therefore, RAN2 agreed that it is up to UE implementation for which event LTE UL autonomous denials could be used. 
The network may configure a long-term denial rate by dedicated RRC signalling to limit the amount of LTE UL autonomous denials. Otherwise, the UE shall not perform any LTE UL autonomous denials.
Potential RAN4 impact:
The LTE UL autonomous denial for protecting ISM in rare cases may have impact on PDCCH link adaptation accuracy and PDCCH capacity. To evaluate the potential impacts on UL demodulation performance, two things need to be considered. 

· How to identify the autonomous denial?

· The base station can not distinguish the behaviour of LTE UL autonomous denial from missing detection (due to bad channel condition). It can be solved by configuring good channel condition to avoid the missing detection during the test. 

· How to trigger the autonomous denial for test? 

· RAN5 needs to know the detailed test configurations for RF conformance test. Since the details of the IDC indication trigger are left up to UE implementation, RAN4 can not give a generic indication on how to configure a number of trigger events in a certain measurement period. Different chip vendors may have different implementations. 

Therefore, RAN4 could not evaluate the potential impacts of LTE UL autonomous denial based on current RAN2’s decision. If RAN2 can give a set of specific trigger events of LTE UL autonomous denial in further release, RAN4 could define corresponding test cases.

3 RRM, RLM, and CSI measurements related to IDC interference
As discussed in section 2, IDC interference situation can be divided into following three phases as shown in Figure 2:

· Phase 1: The UE detects start of IDC interference but does not send an IDC indication to the eNB yet. 
· Phase 2: The UE has successfully sent an 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 that solved the IDC interference to the UE.
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Figure 2: Different phases of IDC interference related operations by UE
In different phases, UE’s behaviours related to RRM, RLM, and CSI measurements are shown in Table 1.

Table 1: RRM/RLM/CSI measurements in different phases of IDC interference

	Phases of IDC Interference
	RRM Measurements
	RLM Measurements
	CSI Measurements

	Phase 1
	Up to UE implementation and RRM measurement requirements (see 3GPP TS 36.133 [5]) apply
	Up to UE implementation and RLM measurement requirements (see 3GPP TS 36.133 [5]) apply
	CSI measurement requirements (see 3GPP TS 36.101 [xx]) apply

	Phase 2
	UE shall ensure the measurements are free of IDC interference

	Up to UE implementation and RLM measurement requirements (see 3GPP TS 36.133 [5) apply
(NOTE)

	

	Phase 3
	UE shall ensure the measurements are free of IDC interference

	UE shall ensure the measurements are free of IDC interference and RLM measurement requirements (see 3GPP TS 36.133 [5]) apply

	

	NOTE: 
The UE should attempt to maintain connectivity to LTE in this phase. If no solution is provided within a time pre-configured by the network, the UE may need to declare RLF or it may continue to deny the ISM transmission.


3.1 Potential RAN4 impacts on RRM/RLM measurements

In this section, impacts of IDC solutions on RRM/RLM measurements are further analyzed based on characteristics of different phases respectively. The necessity of developing new test cases for RRM/RLM measurements and related requirements are also discussed.
For phase 1
Since the IDC indication has not been sent yet, the UE should follow normal procedure for RRM/RLM measurements although there may exist ISM interference. It would be no problem to keep UE’s ordinary behaviours based on the measurement results, which could reflect the realistic situation of phase 1. Thus, no additional test cases and requirements are needed for RRM/RLM measurements in phase 1.
For phase 2
The UE has successfully sent an IDC indication to the eNB while no solution is configured yet to solve the IDC issue. In order to ensure that UE maintain connection to the serving cell and wait for the solution configured by eNB, RRM measurements should be guaranteed free of IDC interference to avoid any possible undesirable ‘handover’. In this phase, UE may perform ISM autonomous denial so that sufficient ‘clean’ LTE subframes could be available for RRM measurements. To verify this capability, it will be beneficial to introduce new test cases in presence of ISM interference while reusing current RRM measurement requirements in TS36.133.
Taking the impact of ISM interference into account, RRM measurement testing could be performed with some assumptions. Preliminary considerations are focused on the following two aspects:
· RRM measurement performance is verified while keeping a minimum percentage of ISM transmission required for correct operation. There is a typical scenario that UE may use bluetooth headset during a call. Thus, to deny all the ISM transmission is also unacceptable.
· RRM measurement performance is verified based on a minimum percentage of LTE ‘clean’ subframes or time duration that meets measurement requirements.

For RLM measurement in phase 2, although it may not be as sensitive as RRM measurement in presence of ISM interference, the UE should still attempt to maintain connectivity to LTE. Thus, it is preferred to take similar testing model and assumptions to that for RRM measurements while reusing current RLM measurement requirements in TS36.133.
For the test cases in presence of ISM interference, an interference model might need to be defined. Whether it is feasible to define a reasonable ISM interference model in 3GPP RAN4 and how to define it may need further discussions.
For phase 3
In this phase, the UE has received a solution from the eNB that solved the IDC issue. No matter which kind of scheme (FDM or TDM) is performed, the UE has clearly known about the ‘IDC strategy’ of the eNB and will follow its guidance. The ISM interference could be significantly reduced by either moving LTE signal to another carrier or defining specific ‘ON/OFF’ pattern for LTE transmission. Based on the smart IDC solutions, it is assumed that LTE transmission is on ‘clean’ resource blocks with negligible ISM interference and normal RRM/RLM measurement requirements could be expected. Thus, no additional test cases and requirements are needed for phase 3 RRM/RLM measurements.
According to the above analysis, we have the following observations:

Observations:
1) For IDC phase 1, there is no impact on RRM/RLM measurements and no additional test case or requirement is needed.
2) For IDC phase 2, it seems beneficial to introduce new test cases with ISM interference for RRM/RLM measurements. An ISM interference model to reflect typical ISM traffic needs to be further discussed. To reuse existing RRM/RLM measurement requirements in TS36.133 as much as possible,  the following two options for testing can be considered:
Option 1: RRM measurement performance is verified while keeping a minimum percentage of ISM transmission required for correct operation.
Option 2: RRM measurement performance is verified based on a minimum percentage of LTE ‘clean’ subframes or time duration that meets measurement requirements.
3) For IDC phase 3, there is no impact on RRM/RLM measurements and no additional test case or requirement is needed.

3.2 Potential RAN4 impacts on CSI measurements

For phase 1 and phase 2, UE performs CSI measurements in presence of possible ISM interference to reflect actual channel quality of ongoing transmission. For phase 3, UE has received the IDC solution from eNB and could follow the ‘strategy’ to coordinate LTE and ISM in order to avoid mutual interference. Thus, there is no impact on CSI measurements for all the three phases.
4 Conclusions

In this contribution, the main RAN2 agreements related to IDC solutions are introduced and corresponding potential RAN4 impacts are analyzed. Except for RRM/RLM measurements in phase 2, there is no impacts expected or no test cases could be defined based on current RAN2 agreements.

Considering the limited timeline of IDC WI for Rel-11, which is expected to be finished by the end of this year, we propose:

RAN4 analyzes the potential impacts of IDC feature and if any, evaluates whether it is feasible to address it in Rel-11 timeframe.
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