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1      Introduction 
In-Device coexistence is discussed for band 40, band 7, band 13/14 for coexistence of LTE with ISM (WiFi, BT) and GNSS. In RAN2#79 IDC issue handling is divided into 3 phases based on detection of IDC problem by UE, then UE indicates IDC issue to eNB and eNB then providing solution to solve the IDC issue. In this document Phase 2 is discussed so that appropriate UE behaviour can be defined. 
2      Discussion 

In RAN2 #79 IDC issue handling is divided into 3 phases:

Agreement in RAN2#79
	IDC interference situation can be divided into following three phases as shown in Figure 23.4.2-1:

· Phase 1: The UE detects start of IDC interference but does not send an IDC indication to the eNB yet. 
· Phase 2: The UE has successfully sent an IDC indication to the eNB and no solution is yet configured by the eNB to solve the IDC issue.
· Phase 3: The eNB has provided a solution that solved the IDC interference to the UE.
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Figure 23.4.2-1: Different phases of IDC interference related operations by UE
In different phases, UE behaviours related to RRM, RLM, and CSI measurements are shown in Table 23.4.2-1.

Table 23.4.2-1: RRM/RLM/CSI measurements in different phases of IDC interference

Phases of IDC Interference

RRM Measurements

RLM Measurements

CSI Measurements
Phase 1

Up to UE implementation and RRM measurement requirements (see 3GPP TS 36.133 [21]) apply
Up to UE implementaton and RLM measurement requirements (see 3GPP TS 36.133 [21]) apply
CSI measurement requirements (see 3GPP TS 36.101 [xx]) apply
Phase 2

UE shall ensure the measurements are free of IDC interference

Up to UE implementaton and RLM measurement requirements (see 3GPP TS 36.133 [21]) apply
(NOTE)
Phase 3

UE shall ensure the measurements are free of IDC interference

UE shall ensure the measurements are free of IDC interference and RLM measurement requirements (see 3GPP TS 36.133 [21]) apply
NOTE: 
The UE should attempt to maintain connectivity to LTE in this phase. If no solution is provided within a time pre-configured by the network, the UE may need to declare RLF or it may continue to deny the ISM transmission.



After sending IDC indication UE enters into phase 2; and waits for some solution from eNB to solve the issue. It is in the interest of UE to maintain connectivity with eNB so that if eNB sends any message targeting a solution to solve IDC issue, then UE can receive the message and enters into phase 3. While trying to maintain the LTE link UE will be required to deny all or at-least some of the transmissions by ISM for certain duration. This ISM denial will lead to performance degradation into ISM. It is also possible that eventually LTE performance can also gets degraded because for some of the IDC use case voice/data are common in the LTE and ISM link. Depending upon severity user may or may not be able to detect degradation in the service. 

UE is in the best position to know the severity level, user experience, user preference in the form of how user wants to use the device? However due to current agreement as captured in [1] in the note it suggest that eNB configures time duration, during which UE is required to maintain the LTE link with eNB in phase 2. Only after completion of this time UE is allowed to take a call that either to keep on denying ISM or let the RLF happen in LTE. Since eNB might not be aware of user preference/experience it is not efficient that eNB force the UE to maintain the LTE link for a time decided by eNB (possibly only taking eNB situation into consideration). 
There are cases where the time duration can be different for different scenarios e.g.

1. WiFi offload is different than WiFi Router. As for WiFi offload it is possible to deny ISM more because it's anyway low priority data. Whereas WiFi router it is not possible to deny much because the data to/from this WiFi link is the one which actually will be exchanged in LTE link as well. 

2. BT case it is possible that audio is routed to BT headset using quite different codec in different implementation. As well as even if most comolnly used codec (SBC) is used then also there are various options of bit rate. Some user can be very selective about the bit rate and would not like reduced bit rate. As reduced bit rate can be achieved with at the same time lesser amount of ISM denial is required compared to higher bit rate. 

3. In different phases of GNSS receiver (i.e. depending on fix, number of visible satellite etc) GNSS receiver can cope with different amount of time domain interferece (LTE is seen as pulse jammer by receiver).
Therefore it is more appropriate that UE suggest time duration to eNB in the IDC indication. So that UE ensures it maintains the LTE link during the UE suggested time duration by either partial or full ISM transmission denial.
Proposal 1: UE suggest time duration to eNB in the IDC indication. So that UE ensures it maintains the LTE link during the UE suggested time duration by either partial or full ISM transmission denial.

If a solution is provided by eNB during that time then it is fine and UE enters phase 3. If solution is not provided even after the completion of the UE suggested time duration. The UE is free to take a call of either keep on denying partial/full ISM transmission, switch of ISM, let RLF happen in LTE depending on packet loss, or disconnect the LTE call if user has selected to do so. It is up to UE implementation to seek the user attention and get user input in the form of some UI pop-up.

Proposal 2: If solution is not provided even after the completion of the UE suggested time duration. The UE is free to take a call of either keep on denying partial/full ISM transmission, switch of ISM, let RLF happen in LTE depending on packet loss, or disconnect the call LTE call if user has selected to do so.
Proposal 3: based on proposal 1 a text proposal is provided in stage 2 CR [2].
UE can suggest the time duration during which it maintains the LTE link in phase 2 in two possible approaches:

Approach 1: Provide this value in IDC indication

Approach 2: Provide this value one time in IDC UE capability.

Approach 1 has little more flexibility without much complexity. So Approach 1 is preferable.

 Proposal 4: Approach 1 (i.e. UE suggest time duration to indicate for how long it can maintain LTE link in phase 2 in IDC indication) has little more flexibility without much complexity. So Approach 1 is preferable.
There are some questions also need to be answered to clarify the behaviour during phase 2. 

Question 1: When UE send IDC indication then is it required for eNB to respond back the UE with some accept/reject kind of message prior to the message containing the IDC solution?

If eNB provides IDC solution and it solves the IDC issue then UE will not send IDC indication. If eNB is not planning to provide any (or partial) solution then any way after the completion of time duration suggested by UE in phase 2; UE is free to take action based on implementation considering user preference/experience into account.  So in this case as well there is no need for eNB to inform the IDC indication is rejected.
Proposal 5: There is no need for eNB informing accept/reject of IDC indication to UE.

Question 2: Is it required to distinguish RRC reconfiguration message is to solve IDC issue or is it sent for normal operation?

eNB can solve IDC issue by FDM or TDM. In both the cases it sends RRC reconfiguration message. However it is also possible eNB can send RRC reconfiguration message for normal operation containing say DRX parameters which are not for solving IDC issue but are provided for UE power saving. It is not required to distinguish the eNB response for IDC indication in the form of RRC reconfiguration message (or also deactivation for CA scenario) is to solve IDC issue or normal operation as UE itself can find out that the configuration provided in the reconfiguration message has solved the IDC issue or not?
Proposal 6: It is not required to distinguish the eNB response for IDC indication in the form of RRC reconfiguration message (or also deactivation for CA scenario) is to solve IDC issue or normal operation.
3      Proposals

Based on above discussion some proposals for clarity in UE behavior during phase 2 are:

Proposal 1: UE suggest time duration to eNB in the IDC indication. So that UE ensures it maintains the LTE link during the UE suggested time duration by either partial or full ISM transmission denial.

Proposal 2: If solution is not provided even after the completion of the UE suggested time duration. The UE is free to take a call of either keep on denying partial/full ISM transmission, switch of ISM, let RLF happen in LTE depending on packet loss, or disconnect the call LTE call if user has selected to do so.

Proposal 3: based on proposal 1 a text proposal is provided in stage 2 CR [2].

Proposal 4: Approach 1 (i.e. UE suggest time duration to indicate for how long it can maintain LTE link in phase 2 in IDC indication) has little more flexibility without much complexity. So Approach 1 is preferable.
Proposal 5: There is no need for eNB informing accept/reject of IDC indication to UE.

Proposal 6: It is not required to distinguish the eNB response for IDC indication in the form of RRC reconfiguration message (or also deactivation for CA scenario) is to solve IDC issue or normal operation.
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