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1. Introduction
RAN2 has sent an LS [1] to RAN4 asking whether the existing RRM and CSI requirement needs to be modified in the presence of the IDC problem caused by the hardware sharing between LAA and WiFi. Companies have been discussing this issue in the last few meetings in RAN4, but no agreement has been made yet.
In this paper, we highlight the key limitations in IDC handling when the IDC problem is caused by the hardware sharing, and present our view on its impact to the RRM/CSI measurement requirement.
2. Discussion
As shown below, RAN2’s questions [1] is whether RRM and CSI requirement is affected in phase 2 and 3 of IDC procedure. 

“RAN2 respectfully requests RAN4 to consider whether the RRM and CSI measurement requirements need to be modified in Phases 2 and 3 for the affected LAA frequencies/component carriers when IDC problems are caused due to the hardware sharing between LAA and WLAN (with unknown WiFi traffic pattern), and provide feedback to RAN2.”
To answer this question, it is important to understand how the IDC is handled in the phase 2 and 3 in case of the hardware sharing problem. According to [2], IDC interference situation can be divided into following three phases as shown in Figure 1.

-
Phase 1: The UE detects start of IDC interference but does not initiate the transmission of the IDC indication to the eNB yet.
-
Phase 2: The UE has initiated the transmission of the 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 1: Different phases of IDC interference related operations by UE
For LAA/WiFi hardware sharing problem, the phase 2 starts when UE transmits the IDC indication to the eNB including hardwareSharingProblem IE. However, as specified in [3], UE sets such hardwareSharingProblem IE only when it is experiencing the IDC interference caused by the hardware sharing problem that it cannot resolve by itself, e.g., when the shared hardware resource is occupied by WiFi, and LAA cannot take over. Furthermore, since the IDC problem is coming from the shared hardware, e.g., RF/antenna, LAA operation may keep affected throughout the entire WiFi session regardless of whether it is transmitting or receiving. Therefore, in the presence of unknown WiFi traffic pattern, our view is that there is no way for UE to guarantee an IDC-free measurement or to meet the existing RRM/CSI requirement in the phase 2.
Observation 1. In case of LAA/WiFi hardware sharing problem, UE enters the phase 2 of IDC procedure only when it experiences the hardware sharing problem it cannot resolve by itself.
Observation 2. Due to the shared hardware, UE may not be able to receive any signal from the affected LAA Scell when WiFi is either transmiting or receiving. Therefore, under unknown WiFi traffic pattern, there is no way for UE to guarantee IDC-free LAA operation/measurement or meet the existing RRM/CSI requirement in phase 2.
Proposal 1. Existing RRM requirement or CSI requirement does not apply in the phase 2 of IDC procedure when the IDC problem is caused by the hardware sharing.

Next, the phase 3 is defined as the period after the eNB has provided a solution that solves the IDC problem. In the Rel.11 IDC, such solution is based on the Time Domain Multiplexing (TDM) based assistance information that UE has provided as a part of the IDC indication, and the two contending RATs coexists in the phase 3 by orthogonalizing them across time to avoid the IDC. However, in case of the hardware sharing problem, UE may not have any TDM-based assistance information that could be used to resolve the IDC problem due to the shared hardware occupied by WiFi, and therefore, as specified in [3], UE may not include any TDM-based assistance information. Under this condition, eNB has no way to provide a solution that can guarantee the coexistence of active WiFi and active LAA Scell without any IDC problem. Therefore, in case of the hardware sharing problem under unknown WiFi traffic pattern, our view is that the only possible IDC resolution that eNB can provide in the phase 3 is one of the following:
· Option 1: Stop downlink scheduling on the affected LAA Scell
· Option 2: Deactivate the affected LAA Scell
· Option 3: Deconfigure the affected LAA Scell.
In option 1 and option 2, eNB does not transmit any PDSCH data through the affected LAA Scell, hence the IDC problem on the data traffic is trivially resolved, i.e., there is no data traffic to be affected by the hardware sharing. However, for the measurement, stopping downlink scheduling or deactivating the affected LAA Scell does not provide any guarantee that UE’s LAA Scell measurement is free from the hardware sharing problem, and UE still has no way to secure the IDC-free measurement or to meet the exisitng RRM/CSI measurement requirement in the phase 3 when WiFi occupies the shared hardware. Option 3, on the other hand, means the LAA Scell of interest no longer exists, and therefore apparently no requirement would apply. Considering the above discussed scenarios, our view is that existing RRM measurement or CSI measurement requirement cannot apply in the phase 3 of the IDC as well when the IDC problem is caused by the hardware sharing between LAA and WiFi. 
Observation 3. In case of LAA/WiFi hardware sharing problem, UE may not have any TDM-based assistance information that could be used to resolve the IDC problem, and therefore the IDC indication sent to the eNB at the beginning of the phase 2 may not include any such TDM-based assistance information.

Observation 4. eNB in the phase 3 of the IDC problem caused by hardware sharing does not have reliable way, such as TDM pattern, to guarantee the coexistence of active WiFi and active LAA Scell without any IDC problem.  

Observation 5. eNB in the phase 3 of the IDC problem caused by hardware sharing may stop DL scheduling on the affected LAA Scell or deactivate the affected LAA SCell to prevent the PDSCH data traffic from being affected by IDC problem. However, such solution still does not secure any means for UE to perform the IDC-free measurement (either in connected mode or deactivated state) when WiFi is occupying the shared hardware.
Proposal 2. Existing RRM requirement or CSI requirement does not apply in the phase 3 of IDC procedure when the IDC problem is caused by the hardware sharing.
3. Conclusions

In this paper, we analyzed the implication of the IDC problem caused by the hardware sharing between LAA and WiFi, and its impact to the UE/eNB operation in the phase 2 and 3 of the IDC situation. Based on the analysis, we proposed that the existing RRM requirement and CSI measurement cannot apply in the phase 2 and 3 of the IDC situation when the IDC problem is caused by the hardware sharing. A list of observations and proposals made in this paper is summarized as follows:

Observation 1. In case of LAA/WiFi hardware sharing problem, UE enters the phase 2 of IDC procedure only when it experiences the hardware sharing problem it cannot resolve by itself.
Observation 2. Due to the shared hardware, UE may not be able to receive any signal from the affected LAA Scell when WiFi is either transmiting or receiving. Therefore, under unknown WiFi traffic pattern, there is no way for UE to guarantee IDC-free LAA operation/measurement or meet the existing RRM/CSI requirement in phase 2.
Proposal 1. Existing RRM requirement or CSI requirement does not apply in the phase 2 of IDC procedure when the IDC problem is caused by the hardware sharing.
Observation 3. In case of LAA/WiFi hardware sharing problem, UE does not have any TDM-based assistance information that could be used to resolve the IDC problem, and therefore the IDC indication sent to the eNB at the beginning of the phase 2 does not include any such TDM-based assistance information.

Observation 4. eNB in the phase 3 of the IDC problem caused by hardware sharing does not have reliable way, such as TDM pattern, to guarantee the coexistence of active WiFi and active LAA Scell without any IDC problem.  

Observation 5. eNB in the phase 3 of the IDC problem caused by hardware sharing may stop DL scheduling on the affected LAA Scell or deactivate the affected LAA SCell to prevent the PDSCH data traffic from being affected by IDC problem. However, such solution still does not secure any means for UE to perform the IDC-free measurement (either in connected mode or deactivated state) when WiFi is occupying the shared hardware.
Proposal 2. Existing RRM requirement or CSI requirement does not apply in the phase 3 of IDC procedure when the IDC problem is caused by the hardware sharing.
Based on the proposals in this paper, the companion paper [4] is submitted with the draft LS response to RAN2.
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