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1 Introduction

RAN2 has studied the in-device coexistence and several solutions are discussed for interference avoidance [1]. In RAN plenary meeting #57, a CR related to in-device coexistence was approved [2]. In this contribution we will look at the impact of the solutions presented in the CR on the RRM requirements.  
2 Background
Due to extreme proximity of multiple radio transceivers within the same UE, the transmit power of one transmitter may be much higher than the received power level of another receiver. This can cause interference on the victim radio receiver. Figure 1 shows the 3GPP frequency bands around 2.4GHz ISM bands [1].
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Figure 1 3GPP frequency bands around ISM band

Some example interference scenarios are:

· LTE Band 40 radio TX causing interference to ISM radio RX
· ISM radio TX causing interference to LTE Band 40 radio RX
· LTE Band 7 radio TX causing interference to ISM radio RX
· LTE Band 7/13/14 radio TX causing interference to GNSS radio RX
The IDC WI deals with in-device coexistence of LTE with other radio technologies such as BT/WLAN or GNSS in adjacent or sub-harmonic bands.
3 Interference avoidance solutions and the RAN4 impact
3.1 Network-controlled UE-assisted solutions

When a UE experiences a level of IDC interference that cannot be solved by the UE itself, the UE sends an IDC indication via dedicated RRC signaling to report the problem. 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. Indications can be sent by the UE whenever it has problem in ISM DL reception. Indications can also be sent by the UE whenever it has problem in LTE DL reception. 
When notified of IDC problems through an IDC indication from the UE, the eNB can choose to apply one of the following solutions

· FDM solution

· TDM solutions

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 indication is also used to update the IDC assistance information, including for the cases when the UE no longer suffers from IDC interference.
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Figure 2 IDC interference avoidance phases
3.1.1 FDM solution

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. This process is already supported in current RRM requirements, so no changes related to this is foreseen.
Observation:
· FDM solution for IDC interference avoidance has no impact on RRM requirements
3.1.2 TDM solutions

The basic concept of a TDM solution is to ensure that transmission time of a radio signal does not coincide with reception time of another radio signal. 
LTE DRX mechanism is to provide TDM patterns to resolve the IDC issues. The UE provides the eNB with a desired TDM pattern consist of periodicity of the DRX cycle length, DRX offset, and DRX active time [1]. All other DRX definitions are according to [4].
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Figure 3 DRX pattern for IDC interference avoidance
RAN2 has agreed the following regarding the DRX cycle length, DRX active time and DRX offset [6].

- Values and/or range of drx-CycleLength-r11: 40, 64, 80, 128, 160, 256 subframes.


- Values and/or range of drx-Offset-r11: 0-255.


- Values and/or range of drx-ActiveTime-r11: [20, 30, 40, 60, 80, 100]psf.

Note that RRM requirements when DRX is used in 36.133 are defined as a function of the DRX cycle. These measurement requirements are defined for DRX cycles up to 2.56s [5]. Since the new set of DRX cycles are less than 2.56s, therefore no new requirement due to this solution is needed.
Observation:
· Since DRX cycle used in IDC interference solution is within the already adopted DRX cycle range, there will is no impact on RRM due to DRX method in IDC.
3.2 UE autonomous solution

3.2.1 TDM solution

To protect some critical signaling (e.g. connection-setup events) on the other systems (e.g. WLAN or Bluetooth), autonomous denial can be used so that the UE denies LTE subframes. The amount of denials will be limited using a maximum allowed denial subframes over a long time period which will be configured by the eNB. It is left up to eNB implementation to configure a proper denial rate. It is left up to UE implementation which subframes are denied. No further feedback is required from the UE. If the eNB does not configure any denial rate, the UE shall not perform any autonomous denials. 
According to [2] the allowed numbers for autonomous denial subframes are 2, 5, 10, 15, 20, and 30, and the allowed numbers for autonomous denial validity are 200, 500, 1000, and 2000 subframes. This means that in the worst case within a period 200 ms the UE denies 30 subframes. In the worst case 30 UL subframes within a 200ms interval maybe denied. 

3.2.1.1 Impact on measurement reporting
The IDC denial subframes will impact the periodic reporting if the denial subframes overlap with the periodic reporting instances. But since UE reports measurements periodically, so occasional missing of the reports will have less impact on the system performance. However, when aperiodic event triggered reporting instance overlaps with denial subframes then the UE may not report the event at all. This will have an adverse affect on the mobility performance. It is therefore important to clarify that the UE reports the triggered event soon after the denial subframes are over. This will lead to bit longer reporting delay. However this will ensure that the UE does not miss the reporting of the event due to overlapping denial subframes.
Observation:

· When UE autonomous denial is activated, and when denial subframes overlap with a measurement reporting event, the UE shall also report the event. In this case the UE may delay the reporting of the event.
3.2.1.2 Impact on UE Rx-Tx time difference measurements
The IDC denial subframes will also affect those measurements which are performed over uplink signals e.g. UE Rx-Tx time difference measurement. The UE typically performs measurement over a period of 200 ms or longer (depending whether DRX is used not) as specified in [2]. When IDC autonomous denial is used, the UE may deny UL transmission of 2, 5, 10, 15, 20, and 30 ms over a denial validity time of 200, 500, 1000, or 2000 ms. The worst case scenario is when a maximum denial time of 30ms is used within a validity time of 200ms, which leaves 170ms for measurement. This period should be enough to do the measurement and the UE still has to make sure that the requirements are still met. 
Observation:

· If IDC autonomous denial is configured then the UE shall also meet the Rx-Tx time difference measurement requirements, provided not more than 30 IDC autonomous denial subframes are configured over an IDC autonomous denial validity period of at least 200 ms.
3.2.1.3 Impact on CSI measurements
Another impact of UE autonomous denial can be on CSI reporting. Unlike RRM measurements, the CSI measurement is performed over a very short period. The UE is not expected to report CSI measurement during other types of gaps e.g. autonomous gaps and measurement gaps. The autonomous denial subframes are a type gap in which UE does not transmit. According to Annex A of [4], when measurement gap is configured, the UE shall not perform transmission of HARQ feedback and CQI/PMI/RI/PTI reporting. Same can be applied to the case of gaps due to IDC autonomous denial. We therefore believe that no RRM requirements for CSI reporting are needed when UE autonomous denial is configured. 

Observation:
· No requirements specific to CSI reporting is needed.

4 Conclusions

In this contribution we discussed the RRM requirements for in-device coexistence. The following observations are made.
Observations: 

· FDM solution for IDC interference avoidance has no impact on RRM requirements

· Since DRX cycle used in IDC interference solution is within the already adopted DRX cycle range, there will be no impact on RRM due to DRX method in IDC.
· When UE autonomous denial is activated, and when denial subframes overlap with a measurement reporting event, the UE shall also report the event. In this case the UE may delay the reporting of the event. 
· If IDC autonomous denial is configured then the UE shall also meet the Rx-Tx time difference measurement requirements, provided not more than 30 IDC autonomous denial subframes are configured over an IDC autonomous denial validity period of at least 200 ms.
· No requirements specific to CSI reporting is needed.
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