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1 Introduction

Currently RAN2 is discussing the necessary information that has to be provided in the IDC problem indication message, referred to as InDeviceCoexIndication message. For this purpose RAN2 had the email discussion [77b#29] after RAN2#77bis [1] and [78#49] after RAN2#78 [2].
The purpose of this contribution is to clarify the signalling content of the IDC problem indication messages and the related UE behaviour based on the agreements reached in RAN2 up to the email discussion [78#49]. 

2 Discussion

In RAN2#77bis the following decisions were made:
Agreements
1
All necessary/available assistant information for FDM and TDM solutions is sent together (details FFS)

2
The IDC indication is a new UL-DCCH (RRC) Message. (FFS: whether we introduce a general message that could host also other indications (e.g. MBMSInterestIndication)

3
The IDC indication can also be reused to send the updated assistant information (including the case that there is no longer an IDC problem).

4
In case of inter-eNB handover, the assistant information is transferred from the source to the target eNB.

5
A prohibit mechanism is used to restrict the interval at which the UE may send IDC indications

6
FSS whether the network indicates via dedicated signaling whether the UE may trigger and send an IDC indication. (It is FFS whether the network indicates for which frequencies the UE may trigger an IDC indication and if so, how this information is provided). 

When referring to agreements 2 and 3, it is clear that UE will send the following IDC indications to the network:

1. IDC indication with assistant information

2. IDC indication with updated assistant information

3. IDC indication in case that the IDC problem is no longer existing
While the messages for 1 and 2 are clearly indicating that UE is providing assistant information for FDM and TDM solution in order to solve the IDC problem (the network might eventually reconfigure the UE based on the assistant information), it was confirmed in email discussion [78#49] that the UE shall indicate to eNB that the In-device interference is no longer existing and hence no solution, i.e. TDM/FDM solution to the IDC problem from eNB side, is required anymore.
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Figure 1 - Example for IDC indication

In the above figure an example of an IDC problem and UE’s signalling behaviour is given.

· In the example UE indicates the IDC problem to the network with the IDC indication (step 1) after the IDC problem starts to exist.
· The IDC indication is repeated to the network after the IDC indication prohibit timer allows for such a repetition as long as UE is experiencing IDC problems that it cannot solve by itself (step 2).
· At one point in time eNB reconfigures UE, i.e. applies FDM or TDM solution (step 3). This reconfiguration solves the IDC problem. From here on UE refrains from indicating an IDC problem as long as the configuration solves the IDC problem.
· A while later the IDC problem stops to exist (i.e. because ISM activity stopped or moved to a non-interfering frequency) and UE indicates “IDC problem no longer existing” to eNB (step 4).
· After eNB receives the latter indication it is safe to revoke the configuration that solved the IDC problem and return UE to a previous or different configuration (step 5).
The example above shows how important it is for eNB being able to distinguish between the two states “IDC problem solved (by eNB solution)” and “IDC problem no longer existing”  

Only upon reception of the “IDC problem no longer existing” message, eNB knows that it is safe to revert or modify UE’s configuration, e.g. remove restriction due to TDM DRX pattern.
As the reconfiguration due to the IDC problem might be impacting negatively on the throughput of the UE and constraining network scheduling freedom, it will be beneficial for the network to know when the UE can be reverted to the old configuration.

Also, if the network continues to receive an IDC problem indication message after it has reconfigured the UE, it should conclude that the last reconfiguration is not solving the IDC problem and it should try a different solution (TDM/ FDM). This is especially important and feasible since the network is already provided with all the necessary (and updated) assistant information from the UE.
For the above reasons we see it necessary to clearly distinguish between the two states given above. In order to do so we propose the following.

Proposal: RAN2 should confirm the signalling and UE behaviour for IDC problem indication and resolution

1. When UE detects an IDC problem it starts sending the IDC problem indication message, aka  InDeviceCoexIndication message,  and repeats this message considering the prohibit mechanism  as long as UE is experiencing IDC problems that it cannot solve by itself.
2. When eNB reconfigures the UE, i.e. FDM/TDM solution, and the reconfiguration solves the IDC problem the UE stops reporting an IDC problem.
When UE detects that there is no longer an in-device interference issue, e.g. ISM activity stopped, UE sends an “IDC problem no longer existing” indication to the network.
In the annex we provide text proposals how to capture the above in TS 36.300 and TS 36.331.

3 Conclusions

This contribution discusses the signalling and UE behaviour for IDC indication and resolution and proposes the following:
Proposal: RAN2 should confirm the signalling and UE behaviour for IDC problem indication and resolution

1. When UE detects an IDC problem it starts sending the IDC problem indication message, aka  InDeviceCoexIndication message,  and repeats this message considering the prohibit mechanism  as long as UE is experiencing IDC problems that it cannot solve by itself.

2. When eNB reconfigures the UE, i.e. FDM/TDM solution, and the reconfiguration solves the IDC problem the UE stops reporting an IDC problem.

3. When UE detects that there is no longer an in-device interference issue, e.g. ISM activity stopped, UE sends an “IDC problem no longer existing” indication to the network.

In the annex we provide text proposals how to capture the above in TS 36.300 and TS 36.331.

4 Annex
TS 36.300

----------------------------------------------------Start of the Change------------------------------------------------------
5 23.4
Interference avoidance for in-device coexistence

6 23.4.1
Problems

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. The challenge lies in avoiding or minimizing IDC interference between those collocated radio transceivers, as current state-of-the-art filter technology might not provide sufficient rejection for certain scenarios (see 3GPP TR 36.816 [50]).

7 23.4.2
Solutions

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. 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 UE may only send an IDC indication for E-UTRA UL/DL carriers for which a Measurement Object is configured.

NOTE:
The term ongoing IDC interference should be treated as a general guideline by the UE. For the serving frequency, ongoing interference consists of interference caused by aggressor radio to victim radio during either active data exchange or upcoming data activity which is expected in up to a few hundred milliseconds. For the non-serving frequency, ongoing interference is an anticipation that the LTE radio will either become aggressor or victim if it is handed over to the non-serving frequency. Ongoing interference is applicable over several subframes/slots where not necessarily all the subframes/slots are affected.

When notified of IDC problems through an IDC indication from the UE, the eNB can choose to apply a Frequency Division Multiplexing (FDM) solution or a Time Division Multiplexing (TDM) 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.

-
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 considered as a baseline to provide TDM patterns (i.e. periods during which the LTE UE may be scheduled or is not scheduled) to resolve the IDC issues. DRX based TDM solution should be used in a predictable way, i.e. the eNB should ensure a predictable pattern of unscheduled periods by means of DRX mechanism.

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 interference and, depending on the scenario (see 3GPP TR 36.816 [50]), it also contains TDM patterns or parameters to enable appropriate DRX configuration for TDM solutions on the serving E-UTRA carrier. The UE repeats the IDC indication as long as it suffers from IDC interference which it cannot solve by itself. 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.
NOTE:
The UE should only indicate “IDC over” when there is no IDC issues; therefore IDC solutions are not needed.
The available RRM measurement results can also be contained in the IDC indication. From the start of IDC interference detection to the delivery of the corresponding IDC indication to the network, it is up to the UE whether RRM measurements reflect IDC interference. After the successful transmission of the IDC indication though, the UE shall ensure that RRM measurements are free of IDC interference.

NOTE:
It is FFS whether the same principles apply to RLM and CQI measurements.

In addition, the UE can autonomously deny LTE transmission to protect ISM in rare cases if other solutions cannot be used. Conversely, it is assumed that the UE also autonomously denies ISM transmission in order to ensure connectivity with the eNB to perform necessary procedures to resolve IDC problems.

NOTE:
Additional restriction and methods to reduce the impact of LTE autonomous denial on the LTE network are FFS. The definition of "rare cases" is also FFS.
----------------------------------------------------End of the Change------------------------------------------------------
TS 36.331
Next Modified Subclause

<Cut until the next modification>
· 5.6.X
In-device coexistence indication

· 5.6.X.1
General
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Figure 5.6.X.1-1: In-device coexistence indication

The purpose of this procedure is to inform E-UTRAN about (a change of) the In-Device Coexistence (IDC) problems experienced by the UE in RRC_CONNECTED and to provide the E-UTRAN with information in order to resolve them.
· 5.6.X.2
Initiation

A UE capable of reporting IDC problems in RRC_CONNECTED may initiate the procedure if:

1>
the UE is configured to report IDC problems by inDeviceCoexInd within OtherConfig; and

1> the IDC prohibit timer is not running; and

1>
for one or more frequencies for which a measObjectEUTRA is configured:

2>
the frequency is experiencing IDC problems that the UE cannot solve by itself; or
2>No frequency is any longer experiencing IDC problems as reported in the last InDeviceCoexIndication message;
When the procedure is initiated, the UE shall:

1>
initiate transmission of the InDeviceCoexIndication message in accordance with 5.6.X.3;
1>
start the IDC prohibit timer.
· 5.6.X.3
Actions related to transmission of InDeviceCoexIndication message

The UE shall set the contents of the InDeviceCoexIndication message as follows:

1>
if only E-UTRA suffers from IDC problems:

2>
include interferedSide and set it to eutra;
1>
else if only other radio side suffers from IDC problems:

2>
include interferedSide and set it to other;
1>
else if both E-UTRA and other radio side suffer from IDC problems:

2>
include interferedSide and set it to both;
1>
else if for both E-UTRA and other radio side the previously reported IDC problems have stopped:

2>
include interferedSide and set it to IDC-over;
NOTE 1:
The other radio refers to either the ISM radio or GNSS (see 3GPP TR 36.816 [xx]).
1>
include the E-UTRA carrier frequencies affected by the IDC problems in affectedCarrierFreqList;

1>
if there are available measurement results associated with one or more measObject in VarMeasConfig, include availableMeasurementResults and set its fields as follows;

2>
if there are available measurement results associated with one or more measObject concerning E-UTRA, include measResultListEUTRA and set it to include the frequencies of all cells for which there are available measurement results associated with a measObject concerning E-UTRA in order of decreasing RSRP within each frequency, i.e. the best cell is included first;

2>
if there are available measurement results associated with one or more measObject concerning UTRA, include measResultListUTRA and set it to include the frequencies of all cells for which there are available measurement results associated with a measObject concerning UTRA in order of decreasing C-PICH RSCP for FDD carriers and of decreasing P-CCPCH RSCP for TDD carriers within each frequency, i.e. the best cell is included first;

2>
if there are available measurement results associated with one or more measObject concerning GERAN, include measResultListGERAN and set it to include all cells for which there are available measurement results associated with a measObject concerning GERAN in order of decreasing RSSI within each frequency, i.e. the best cell is included first;

2>
if there are available measurement results associated with one or more measObject concerning CDMA2000, include measResultListCDMA2000 and set it to include all cells for which there are available measurement results associated with a measObject concerning CDMA2000  in order of increasing pilot strength within each frequency, i.e. the best cell is included first;
NOTE 2:
The measured quantities are filtered by the L3 filter as configured in the mobility measurement 1configuration. Blacklisted cells are not required to be reported.

1>
include Time Domain Multiplexing (TDM) based assistance information:

2>
if the UE has DRX related assistance information that could be used to resolve the IDC problems:

3>
include drx-CycleLength, drx-Offset and drx-ActiveTime;

2>
else if the UE has desired subframe reservation patterns related assistance information that could be used to resolve the IDC problems:

3>
include idc-SubframePatternList;
The UE shall submit the InDeviceCoexIndication message to lower layers for transmission;
Unmodified Part Skipped
Next Modified Subclause

· 6.2.2
Message definitions

<Cut until the next modification>
· –
InDeviceCoexIndication

The InDeviceCoexIndication message is used to inform E-UTRAN about (a change of) the IDC problems experienced by the UE and to provide the E-UTRAN with information in order to resolve them.
Signalling radio bearer: SRB1

RLC-SAP: AM

Logical channel: DCCH

Direction: UE to E‑UTRAN

InDeviceCoexIndication message
-- ASN1START

InDeviceCoexIndication-r11 ::=

SEQUENCE {


criticalExtensions




CHOICE {



c1








CHOICE {



inDeviceCoexIndication-r11



InDeviceCoexIndication-r11-IEs,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}
InDeviceCoexIndication-r11-IEs ::=
SEQUENCE {


interferedSide-r11




ENUMERATED {eutra, other, both, IDC-over},

affectedCarrierFreqList-r11


CarrierFreqList-r11


OPTIONAL,

availableMeasurementResults-r11 
AvailableMeasurementResults-r11 


OPTIONAL,

tdm-AssistanceInfo-r11



TDM-AssistanceInfo-r11





OPTIONAL,


lateNonCriticalExtension


OCTET STRING







OPTIONAL,


nonCriticalExtension



SEQUENCE {}








OPTIONAL

}

AvailableMeasurementResults-r11 ::=
SEQUENCE {


measResultListEUTRA-r9



MeasResultList2EUTRA-r9

OPTIONAL,


measResultListUTRA-r9



MeasResultList2UTRA-r9

OPTIONAL,


measResultListGERAN-r9



MeasResultListGERAN


OPTIONAL,


measResultsCDMA2000-r9



MeasResultList2CDMA2000-r9
OPTIONAL
}

TDM-AssistanceInfo-r11 ::=
CHOICE {


drx-AssistanceInfo-r11



SEQUENCE {



drx-CycleLength-r11




ENUMERATED {FFS},



drx-Offset-r11





ENUMERATED {FFS},


drx-ActiveTime-r11




ENUMBERATED {FFS}


},

idc-SubframePattern-r11



SEQUENCE {



idc-SubframePatternList-r11


IDC-SubframePatternList-r11


},


...

}

IDC-SubframePatternList-r11 ::=
SEQUENCE (SIZE (1..maxIDC-SubframePattern-r11)) OF IDC-SubframePattern-r11

IDC-SubframePattern-r11 ::= CHOICE {


subframePatternFDD-r11



BIT STRING (SIZE (40)),


subframePatternTDD-r11



CHOICE {



subframeConfig0-r11




BIT STRING (SIZE (70)),


subframeConfig1-5-r11



BIT STRING (SIZE (10)),



subframeConfig6-r11




BIT STRING (SIZE (60)),



...


},


...

}
-- ASN1STOP
	InDeviceCoexIndication field descriptions

	affectedCarrierFreqList

List of E-UTRA carrier frequencies affected by IDC problems.

	availableMeasurementResults

Available measurements for previously configured carrier frequencies.

	drx-CycleLength
Indicates the desired DRX ctcle length that the E-UTRAN is recommended to set the corresponding DRX parameters..

	drx-Offset
Indicates the desired DRX starting offset that the E-UTRAN is recommended to set the corresponding DRX parameters.

	drx-ActiveTime
Indicates the desired active time that the E-UTRAN is recommended to set the corresponding DRX parameters.

	idc-SubframePattern

A list of one or more subframe patterns indicating the desired subframe reservation patterns that the E-UTRAN is recommended to abstain from using. The desired subframe patters shall follow HARQ time line, i.e, HARQ assignments/grants, HARQ transmissions, HARQ retransmissions and HARQ feedbacks shall be possible for each HARQ process included in the pattern. The first/leftmost bit corresponds to the subframe #0 of the radio frame satisfying SFN mod x = 0, where SFN is that of PCell and x is the size of the bit string divided by 10. "0" denotes that the corresponding subframe is not used in LTE.

	interferedSide
Indicates which radio of the UE is interfered. Value eutra indicates that only E-UTRA side is interfered, value other indicates that only other radio is interfered, value both indicates that both E-UTRA and other radios are interfered, while value IDC-over indicates that there is no IDC problem.

	tdm-AssistanceInfo

The assistance information that the UE recommends the E-UTRAN to use for handling the IDC problems with a DRX configuration.


Unmodified Part Skipped
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