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1. Introduction
The problem related to in device co existence between ISM and LTE in a UE has been discussed extensively and solutions based on TDM and FDM are agreed to be promising. The kind of solution and the parameters used varies based on the use case, network condition, etc.
Here in this paper we try to analyse if there is a possibility of unified signalling for in-device co-existence reporting.
2. Discussion
To solve in device co existence basically there are two main approaches that were agreed with.
1. FDM

This approach is adopted when transmission/reception of LTE or other radio signal would benefit or no longer benefit from LTE not using certain carriers or frequency resources.

2. TDM

This approach is adopted when creating scheduling/unscheduled periods in LTE will suffice the requirements for LTE and ISM devices to work together.
The kind of solution adopted finally depends on various factors like 
1. The availability of second carrier in the locality where UE is operating to adopt FDM
2. The load conditions of the carriers to adopt FDM

3. The use case in which ISM and LTE are interfering for TDM
From the above it can be observed that there is no single solution that solves the IDC problem for all the scenarios.  eNB can implement smart mechanism to best utilise the resources so it is better that FDM solution related and TDM solution related information are provided to the eNB without any bias towards a particular solution. This can be achieved when assistance data for FDM and TDM are provided simultaneously.
Proposal 1: Assistance data related to FDM and TDM solution should be provided in one single message.

When FDM solution is used, UE need to communicate the set of frequencies that are (not) usable due to in-device co existence.
When TDM solution is used, the approach taken varies based on the use case as follows, like

1. TDM Type 1: HARQ process reservation based mechanism
- For LTE + BT use case

2. TDM Type 2: DRX based solution
- For LTE + WiFi use case

3. TDM Type 3: UL scheduling restriction based solution
- For LTE + GNSS use case

As observed above the type of TDM solution depends on the use case and the parameters varies accordingly.
Proposal 2: UE need to communicate the type of TDM solution based on the use case
From the above discussion the following can be summarized as the information that need to shared by UE to the network
1. FDM related assistance data (usable or not usable frequencies)
2. Type of TDM solution and the related assistance data for that particular TDM type 
FDM or TDM solution and the associated assistance data can be considered as recommendation by UE to the eNB and eNB may change them if there is a need according to its load for optimization of resources.
Proposal 3: eNB may select and inform to UE the solution for in-device co-existence i.e. FDM or TDM. In case TDM is selected then it can change the parameter. 
An example RRC message would look something like shown in Annex below.

NOTE: It is too early to discuss ASN however the intention of the provided ASN is just to realise that it is possible to have unified signalling.
3. Proposal

We analyse a possible unified signalling between UE and eNB for in-device co-existence. We propose:
Proposal 1: Assistance data related to FDM and TDM solution should be provided in one single message.

Proposal 2: UE need to communicate the type of TDM solution based on the use case

Proposal 3: eNB may select and inform to UE the solution for in-device co-existence i.e. FDM or TDM. In case TDM is selected then it can change the parameter.
4. Annex
IDCControlRequest message
-- ASN1START

IDCControlRequest-rxx    ::=
SEQUENCE {


rrc-TransactionIdentifier


RRC-TransactionIdentifier,


criticalExtensions




CHOICE {



c1








CHOICE{




idcControlRequest-rxx

IDCControlRequest-rxx-IEs,




spare7 NULL,




spare6 NULL, spare5 NULL, spare4 NULL,




spare3 NULL, spare2 NULL, spare1 NULL



},



criticalExtensionsFuture


SEQUENCE {}


}

}

IDCControlRequest-rxx-IEs  ::= SEQUENCE {


fdmAssistanceData-rxx



FDMAssistanceData-rxx,






tdmType-rxx         




TDMType-rxx,



tdmAssistanceData-rxx



TDMAssistanceData-rxx





}

FDMAssistanceData-rxx ::=

SEQUENCE (SIZE (1..maxFreq_FDM_IDC-rxx)) OF ARFCN-ValueEUTRA
TDMType-rxx ::= ENUMERATED {type-1, type-2, type-3}
TDMAssistanceData-rxx ::=



CHOICE {


Type1AssistanceData ::=




SEQUENCE {<TBD>},


Type2AssistanceData ::=




SEQUENCE {<TBD>},


Type3AssistanceData ::=




SEQUENCE {<TBD>}

}

-- ASN1STOP

	IDCControlRequest field descriptions

	fdmAssistanceData-rxx
Indicates the set of not usable frequencies so as to avoid IDC interference.

	tdmType-rxx 

Indicates the TDM choise by UE based on the application under use.
type-1 - HARQ process reservation based mechanism

type-2 - DRX based solution

type-3 - UL scheduling restriction based solution

	tdmAssistanceData-rxx
Indicates the set of parameters according to the TDM type chosen in “tdmType-rxx”.
Exact Parameters are TBD.
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