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1	Introduction
A work item on In-Device Co-existence (IDC) enhancements for NR and MR-DC has been approved [1]. For IDC, it is assumed that first the UE detects an internal issue, or the possibility of an internal issue caused by coexistence, and then provides information to the gNB to solve the issue.
An FDM solution has already been specified in NR but is believed to not report the affected frequencies adequately. Furthermore, it was also claimed that introducing a TDM solution would make it possible to handle scenarios for which alternative non-interfered frequencies are not available, for instance to avoid the interference caused by simultaneous uplink transmission on the UL frequencies to non-3GPP RAT.
The first objective contained in the WID is: enhancements to FDM solution, to allow more granular indication of affected frequencies (e.g. granularity of BWP or PRB level). Then if time allows, a second objective aims at the Introduction of TDM solution (e.g. indication of UE preferred TDM pattern for UL/DL).
In addition to FDM solution also TDM solution was defined for LTE. 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. And as indicated earlier as a secondary objective this work item aims to define TDM solution as well for NR. If such a solution is deemed possible to be done in the WI it would need to be adapted to 5G numerology, bands and spectrum usage. 
So this WI should aim to define better suited FDM solution to assess new spectrum, bands, markets and applications as envisioned for 5G/NR as well as TDM solution could be introduced if seen possible but focus should be to make FDM solution to work in NR environment.
2	Problems
2.1	Motivation for work
For coexistence use cases like multi-SIM and coexistence to systems that make use of unlicensed spectrum (Wi-Fi) may the aggressor power level in some cases be so strong that more than 60 dB degradation of sensitivity is likely to occur. 
[bookmark: _Hlk106017072]For In Device Coexistence use cases between Wi-Fi, NR & 4G may the antenna isolation be as low as 10 dB in many cases; although means to increase it to more than 25 dB has been developed. Guard band between the used spectrum for the two systems is so narrow that providing RF isolation by RF front end filtering is not possible in many cases and other means therefore need to be envisioned. 
Victim reception can therefore not be assumed to be possible at all. Means to detect and communicate the nature of the problem to the network is not obviously inherent in the system. Metrics to measure and detect the severity of the problem seem also to be missing, since reception may not be possible at all. 
Interference cancellation of signals caused by nonlinear effects from active circuitry like amplifiers (LNA/PA) is believed to be very difficult to implement. This is due to the nonlinear nature of the problem which make precise deterministic behavioural modelling very difficult. Dependency of parameters like temperature, battery voltage, device spread and need for different RF output power levels complicates the problem as well. 
Introduction of MIMO complicates it further as the number of cancellation paths that need to be dealt with increases by N*M if N is the number aggressors and M is the number of victims.    
The victim receive system may not have any apriori knowledge about the aggressor Tx signal at all since it may be inherent in a different device or different separate modem in the same device (Cellular vs Wi-Fi).  
The main problems: 
· Adjacent channel noise from aggressor causing in-channel or co-channel interference into victim receive band.
· Blocking – from aggressors wanted signal drive victim receive chain(s) into its nonlinear region causing gain and noise figure compression. 
· Intermodulation products from aggressor folds directly into the receive band. This can happen well below the victim RF front-end receive compression point and can cause severe degradation of sensitivity.  
Antenna isolation between aggressor and victim may be as low as 8 to 15 dB. This in turn result in aggressor power levels of +5 dBm to +12 dBm at victim receive antenna port. The frequency separation between aggressor and victim is in some cases so small that no added RF isolation can be obtained in the RF front end filters; however, in some cases can 20 dB isolation be obtained from such filters. This in turn implies that the aggressor signal level at the  LNA input may in best case be attenuated to -15 dBm to -8 dBm. Intermodulation tests [3GPP TS 38.101, 7.8] is performed using interfering signal levels of -46 dBm, while the wanted signal is at REFSENS +6 dB in some cases. The margin to this test case is expected to be relatively low due to compromises in the RF hardware design. Increasing the interferer level by 30 dB while testing intermodulation do result in more than 60 dB to 90 dB increased signal to IMD3 ratio which translates to similar levels of desensitizing.
Spatial processing in the digital domain at base band works well if the receiver is kept within its linear range. As implied above can linear reception not be ensured for the use cases listed above. Non linearities caused by high order intermodulation products (finite IIP3 performance) while signal reception at low input levels is maintained is problematic. The only solution is to suppress the interference before it reaches the active circuitry that limits the linearity, which is the LNA or the LNA/mixer combination in most cases. 
The RF channel properties at FR1 may in some cases be chaotic and unpredictable due to: Reflections, UE speed and change of the radiated coupling path between aggressor and victim.  Predicting and tuning means to control the spatial domain fast enough may for such reasons not be practical. The direction the interference may come from; as well as the antenna gain for the wanted signal is therefore expected to be random. This is a particular problem for URLLC use cases where combinations of high reliability and low latency is required. 
Antenna and analogue RF front end HW solutions that can enhance the RF isolation between aggressor and victim has been developed in various research teams. However reliable quality metrics to adapt to while the receive system is affected by non-linear effects do not seem to exist. 
2.2	FDM solution
In NR we have already currently a mechanism to indicate affected carriers in the IDC assistance information:
IDC-Assistance-r16 ::=                  SEQUENCE {
    affectedCarrierFreqList-r16             AffectedCarrierFreqList-r16               OPTIONAL,
    affectedCarrierFreqCombList-r16         AffectedCarrierFreqCombList-r16           OPTIONAL,
    ...
}

AffectedCarrierFreqList-r16 ::= SEQUENCE (SIZE (1.. maxFreqIDC-r16)) OF AffectedCarrierFreq-r16

AffectedCarrierFreq-r16 ::=     SEQUENCE {
    carrierFreq-r16                 ARFCN-ValueNR,
    interferenceDirection-r16       ENUMERATED {nr, other, both, spare}
}

AffectedCarrierFreqCombList-r16 ::= SEQUENCE (SIZE (1..maxCombIDC-r16)) OF AffectedCarrierFreqComb-r16

AffectedCarrierFreqComb-r16 ::=     SEQUENCE {
    affectedCarrierFreqComb-r16         SEQUENCE (SIZE (2..maxNrofServingCells)) OF  ARFCN-ValueNR    OPTIONAL,
    victimSystemType-r16                VictimSystemType-r16
}

VictimSystemType-r16 ::=    SEQUENCE {
    gps-r16                     ENUMERATED {true}        OPTIONAL,
    glonass-r16                 ENUMERATED {true}        OPTIONAL,
    bds-r16                     ENUMERATED {true}        OPTIONAL,
    galileo-r16                 ENUMERATED {true}        OPTIONAL,
    navIC-r16                   ENUMERATED {true}        OPTIONAL,
    wlan-r16                    ENUMERATED {true}        OPTIONAL,
    bluetooth-r16               ENUMERATED {true}        OPTIONAL,
    ...
}

So UE can indicate affected carrier or multiple carriers in case of CA for any candidate serving cell having center frequency as indicated by NW in the candidateServingFreqListNR in the IDC configuration. In the WI it was said that one would need to consider: “enhancements to FDM solution, to allow more granular indication of affected frequencies (e.g. granularity of BWP or PRB level”. It can be seen that it is possible due to BWP concept in NR that purely indicating center frequency of affected serving cell might not always be optimal as it can be that only part of the bandwidth of the serving cell is affected but one could solve the issue in the NW by not always changing completely serving cell frequency but just adjusting bandwidth usage of the cell:
Observation 1: It would be possible by abstaining of using part of the band instead of changing serving cell to solve IDC problem
In order to enable this, one would need to be able to indicate affected part of the serving cell to the NW. From NW point of view, it would be good to get as granular view as possible about affected parts of serving cells in order to optimize PRB/BWP usage. Using a BWP as indication as proposed by one example in the WI seems to be bit difficult to realize in the real life as it would require NW to configure multiple possible BWPs for which UE would indicate which one(s) are affected or not but it would not be possible to get information which actual part of the BWP is affected. Thus from our point of view it would be desirasble to get more granular indication on affected part of bandwidth of the serving cell.
Proposal 1: To enhance FDM IDC indication one should be able to provide indication which parts of the bandwidth of serving cell are affected 
We made agreement in RAN2#119:
Granular indications of the affected NR frequency reported for IDC issue needs to consider both serving and non-serving frequency as in the legacy FDM solution.
Using BWP based approach seems quite impossible to work with non-serving cells unless NW configures “candidate” BWPs for non-serving cells as well. And it seems by far easiest if we have same solution done for serving and non-serving cells it seems BWP based approach is not applicable. Thus we propose
Proposal 2: Use same solution for both serving and non-serving cells i.e. do not consider solutions that would require different solutions for serving and non-serving cells
As discussed above in motivation section also intermodulation products within UE could be great cause for IDC issues and we consider that it would be worthwhile to consider how to prevent intermodulation product caused issues. One way would be enable IDC to indicate which frequencies are impacted by IMD products – this would be beneficial in situations where 3GPP controlled radios cause these IMD issues. Then network could try to make assessments and make modifications to 3GPP radios to remove IMD problem:
Proposal 3: Study how intermodulation product inflicted issues could be resolved by IDC WI
3	Conclusion
Observation 1: It would be possible by abstaining of using part of the band instead of changing serving cell to solve IDC problem
Proposal 1: To enhance FDM IDC indication one should be able to provide indication which parts of the bandwidth of serving cell are affected 
Proposal 2: Use same solution for both serving and non-serving cells i.e. do not consider solutions that would require different solutions for serving and non-serving cells
Proposal 3: Study how intermodulation product inflicted issues could be resolved by IDC WI






