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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. 
3.1.2.1 DRX-based solution

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 [3]. All other DRX definitions are according to [4].
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Figure 3 DRX pattern for IDC interference avoidance
Currently the values for DRX cycle length, DRX active time and DRX offset are FFS [3]. The RRM requirements are defined based on the DRX cycle, and the range of DRX cycles is up to 2.56s [5]. If the DRX cycle used in IDC is the same, there will be no impact on RRM due to DRX method in IDC. However, maybe larger DRX cycles will have impact on RAN4 requirements.
Observation:
· If the DRX cycle used in IDC interference solution is up to 2.56s, there will be no impact on RRM due to DRX method in IDC.
3.1.2.2 HARQ process reservation based solution

In this TDM solution, a number of LTE HARQ processes or subframes are reserved for LTE operation, and the remaining subframes are used to accommodate ISM/GNSS traffic. Figure 4[1] shows as an example the HARQ reservation process for LTE TDD with UL/DL configuration 1 .
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Figure 4 HARQ process reservation for TDD configuration 1
The subframe reservation pattern is sent to the UE in the form of a bitmap based on the assistance information reported by the UE. The provided bitmap is a list of one or more subframe patterns indicating which HARQ process E-UTRAN is requested to abstain from using. Value 0 indicates that E-UTRAN is requested to abstain from using the subframe. As an example the bit sequence 1111110100 means that subframes number 7, 9 and 10 must not be used. In a TDD configuration 2 which is DSUDDDSUDD, it means that the pattern will look like DSUDDD0U00. 
The size of bit string for FDD is 40, and for TDD is 70, 10, 60 for subframe configurations 0, 1-5, and 6, respectively [3]. The key point here is that the reserved subframes should comply with LTE release 8/9 UL and DL HARQ timing [1].
In case of HARQ process reservation, there is time domain restriction for radio link monitoring and E-UTRAN measurement. Therefore similar requirements to already existing RRM and RLM measurement requirements with time domain resource restriction as given in 7.6.1 and 8.1.2.8 in [2]
 must be applied. When HARQ process reservation is used, enough number of subframe per radio frames for performing radio link monitoring and the requirements for intra-frequency measurements under time domain restriction in [2] must be met.
Observation: 
· When HARQ process reservation is activated, at least [TBD] subframes every frame must be available for EUTRAN for RLM measurements and the requirements for E-UTRAN intra-frequency measurements under time domain measurement resource restriction must be met. 
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 [3] 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. There are certain requirements for measurement accuracy with autonomous gaps. When autonomous denial subframes are configured, the UE shall still be able to perform radio link monitoring. 
Observation:
· When UE autonomous denial is activated, no more than [TBD] autonomous denial subframes are configured over the autonomous denial validity duration for RLM measurement purpose and the UE shall meet the requirements for E-UTRAN intra frequency measurements 
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

· If the DRX cycle used in IDC interference solution is up to 2.56s, there will be no impact on RRM due to DRX method in IDC
· When HARQ process reservation is activated, at least [TBD] subframes every frame must be available for EUTRAN for RLM measurements and the requirements for E-UTRAN intra-frequency measurements under time domain measurement resource restriction must be met. 

· When UE autonomous denial is activated, no more than [TBD] autonomous denial subframes are configured over the autonomous denial validity duration for RLM measurement purpose and the UE shall meet the requirements for E-UTRAN intra frequency measurements. 
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