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1 Introduction
Some signalling procedures have been proposed but there have not been fully discussed about overall signalling procedures for IDC operation [1][2][3][4][5][6][7]. In this contribution we introduce and discuss some open issues from point of signalling procedures. 
2 Discussion
Figure 1 shows overall IDC signalling procedures including initial stage, IDC solution request and negotiation stage, and IDC completion stage. And also network signalling procedure between S-eNB and T-eNB is shown in the figure 1. Based on this figure we discuss and propose signalling procedures for IDC operation
Initial Stage 
The UE may pre-emptively avoid possible IDC interference if it reports its IDC configuration including possible interferable band based on equipped non-LTE component (e.g. ISM component) characteristics to the eNB [8]. 

· Step 1 ) The UE capability Request

The eNB may send an UE capability request message to the UE to see what kind of IDC components are equipped and configured in the UE
· Step 2) The UE capability with IDC configuration

The UE may send an UE capability response message corresponding to UE capability request message from the eNB. This message may include the configuration of non-LTE component, for example, Tx power and possible interferable frequency band etc. when non-LTE components are enabled)

When the eNB receives the UE capability response message, it may pre-emptively allocate the frequencies which are far away from possible interferable frequency band of when ISM component is enabled. 
Proposal 1: The eNB requests the UE capability message to see IDC configuration 

Proposal 2: The UE sends the UE capability message including IDC configuration related information (e.g. Tx power, possible interferable frequency band etc.)
IDC solution request and negotiation stage 

In this section, we discuss IDC interference detection and solution request operation based on the agreement below [9].

“The UE can send an indication to the network to report the in-device coexistence problem. The assumption is that existing LTE measurements and/or UE internal coordination can be used as a baseline to trigger the indication.”

· Step 4 ) IDC interference detection 
Based on the agreement above, (existing) measurement and/or the UE internal coordination method can be used for IDC indication triggering. Using either or both of them can be used for triggering an IDC indication to the eNB.
· Step 5) IDC indication 
There could be two issues in this step 

· Indication method: new or existing message for IDC indication

IDC indication message should transfer IDC related assistance information to the eNB. We can reuse existing RRC signalling message for IDC indication, but it would be simple and straightforward that we define IDC dedicated message to couple with IDC operation rather than re-using of existing message.
· Indication information: TDM and/or FDM assistance information on the IDC indication. 

Indicating of both TDM and FDM assistance information would have burden in terms of message contents efficiency because the only one solution will be allocated to resolve IDC interference problem. In addition, the eNB only can make a decision on what solution will be used for IDC solution. It means that the eNB wants to gather information as more as possible from the UE in order to find and allocate appropriate solution, FDM or TDM, to the UE. If the eNB allocates TDM (or FDM) solution while in the UE requests FDM (or TDM) solution, additional signalling procedure should be shook and that will be overhead in terms of signalling procedure optimization. Accordingly, TDM and FDM solution need to be reported to the eNB simultaneously using new IDC indication message in order to give a degree of freedom for the eNB and reduce signalling overhead. 

Proposal 3: A new RRC signalling message for IDC indication is defined for IDC solution.  

Proposal 4: Both FDM and TDM assistant information are reported to the eNB using an IDC indication message.
· Step 6) The eNB decides FDM as the solution 
After receiving assistant information, the eNB makes a decision what solution should be provided to the UE.  If the eNB intends to allocate FDM solution, it may need more frequency information and send a measurement configuration message to the UE at step 6-1. And then, the UE responds to the eNB with a measurement report message including unusable frequency information at step 6-2. However, this measurement would be up to the eNB implementation so that it could be an optional signalling.

· Step 7) The eNB decides TDM as the solution
After receiving assistant information, the eNB makes a decision what solution should be provided to the UE. If the eNB decides to allocate TDM solution, it may skip step 6-1 and 6-2 and sends an IDC response message to the UE at step 8. 

· Step 8) IDC response with a solution or reject
After receiving assistant information at step 5 or optional measurement configuration and report at step 6-1 and step 6-2, respectively, the eNB sends an IDC response message including information of specific solution, FDM or TDM. At this step, there could be issues
· Indication method: new or existing message for IDC response

In FDM solution, an IDC response would be inter-frequency HO command and DRX operation related message for TDM solution. But for further extension of solutions and a pairing of message with an IDC indication message assuming new RRC message is defined for IDC indication, new IDC response message needs to be defined.

· IDC request rejection

It may be possible that the eNB does not accept the IDC request from the UE due to scheduling, load balancing or available frequency problem etc. If the eNB does not indicate such unavailable situation to the UE, the UE might send an IDC indication message again because it has not received any response from the eNB. It would be signalling overhead and resources waist. Accordingly, an IDC rejection message needs to be defined to reduce undesirable singling operation and resource waste. Thus, it needs to allow that the eNB possibly sends a rejection message after receiving IDC indication message (after step 5) or after receiving measurement message (after step 6-2). An IDC response message may be used for the purpose of rejection.
Proposal 5: A new RRC message for IDC response is defined for IDC solution.  

Proposal 6: IDC indication from the UE can be rejected by the eNB
IDC Completion Stage 

· Step 9 and 10) The UE in normal state
After receiving a solution, the UE can work in safe mode with TDM or FDM solution. In TDM solution, the LTE and ISM component can share the resources (e.g. DRX operation), In FDM solution, the UE may try to do inter-eNB/frequency HO. In case of inter-eNB HO, the current eNB as S-eNB prepares inter-eNB HO with T-eNB at step 10-1). When the eNB allocates FDM solution with inter-eNB HO, the (S-)eNB transfers IDC related information to the (T-)eNB. Particularly, the reason that why this HO is performed needs to be indicated to the T-eNB, thus, IDC indication as a HO reasoning needs to be added on the message HO-IND message between S-eNB and T-eNB. After receiving an IDC indication and assistant information from the S-eNB, T-eNB updates the UE’s information for further FDM solution. When the T-eNB receives an IDC indication through inter-network message(e.g. HO-IND), it may request a measurement configuration and report from the UE after the inter-eNB HO completion.
Proposal 7: IDC indication and assistant information are transferred from the S-eNB to the T-eNB in case of inter-eNB HO  
· Step 10-4) The UE sends an IDC indication message if update needed
After the inter-eNB HO, the UE may send an IDC indication message which is used to send an IDC indication in the initial stage in order to indicate any update. If no any update or situation changed, the UE may not need to send an IDC indication message to the (T-)eNB.
Proposal 8: An IDC indication message can be reused as an IDC update indication message after the inter-eNB HO completion
Proposal 9: An IDC indication message does not need to be sent if no any update or situation changes after the inter-eNB HO
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Figure 1. Overall signalling procedures for IDC operation

3 Conclusion
In this paper, we have discussed some issues related with signalling procedures for FDM and TDM solution. RAN2 is kindly requested to consider and adopt the following proposals.        
Proposal 1: The eNB requests the UE capability message to see IDC configuration 

Proposal 2: The UE sends the UE capability message including IDC configuration related information (e.g. Tx power, possible interferable frequency band etc.)

Proposal 3: A new RRC signalling message for IDC indication is defined for IDC solution.  

Proposal 4: Both FDM and TDM assistant information are reported to the eNB using an IDC indication message.
Proposal 5: A new RRC message for IDC response is defined for IDC solution.  

Proposal 6: IDC indication from the UE can be rejected by the eNB
Proposal 7: IDC indication and assistant information are transferred from the S-eNB to the T-eNB in case of inter-eNB HO  
Proposal 8: An IDC indication message can be reused as an IDC update indication message after the inter-eNB HO completion
Proposal 9: An IDC indication message does not need to be sent if no any update or situation changes after the inter-eNB HO
Proposal 10: Adopt Signalling procedures to handle IDC interference as shown in figure 1 as a base line
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