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1 Introduction
In 3GPP RAN2#98, it was discussed whether measurement requirements (such as RLM, RRM, CSI) need to be modified when an LAA/WiFi hardware sharing problem occurs. To this end, an LS to RAN4 was sent to ask about the need of relaxations to measurement requirements [1]. 

In this contribution, we analyse the answer received from RAN4 [2] and discuss a way forward. In [3], we provide a CR to TS 36.300 and in [4] the LS reply to RAN4.  
2 Discussion

The IDC mechanism in LTE consists of three phases, as captured in TS 36.300: 

	From TS 36.300:

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 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 23.4.2-1: Different phases of IDC interference related operations by UE



In different phases, the UE may behave differently and it may attain to different RRM/RLM/CSI requirements, as shown in the below table illustrated in TS 36.300.

	From TS 36.300:

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 TS 36.133 [21]) apply

Up to UE implementation and RLM measurement requirements (see TS 36.133 [21]) apply
Up to UE implementation and CSI measurement requirements (see TS 36.101 [52]) apply
Phase 2

UE shall ensure the measurements are free of IDC interference and RRM measurement requirements (see TS 36.133 [21]) apply

UE shall ensure the measurements are free of IDC interference and RLM measurement requirements (see TS 36.133 [21]) apply

(NOTE 1)

Phase 3

UE shall ensure the measurements are free of IDC interference and RRM measurement requirements (see TS 36.133 [21]) apply

UE shall ensure the measurements are free of IDC interference and RLM measurement requirements (see TS 36.133 [21]) apply

NOTE 1:
The UE should attempt to maintain connectivity to LTE in this phase meaning that RLM measurements are not impacted by IDC interference. If no solution is provided within a time which is up to UE implementation, the UE may need to declare RLF or it may continue to deny the ISM transmission. In DC, when the UE experiences IDC problems in SCG, if no solution is provided within a time which is up to UE implementation, the UE may need to declare RLF in SCG or it may continue to deny the ISM transmission in SCG.

NOTE 2:
If the UE determines in Phase 2 that the network does not provide a solution that resolves its IDC problems, it performs measurements as defined for Phase 1.
NOTE 3:
If the IDC indication message reports the IDC interference on a neighbour frequency, it performs RRM measurements for that frequency as defined for Phase 2.




RAN2 has agreed that the IDC framework will be used to solve the LAA/WiFi sharing issue. However, RAN2 has not yet agreed on whether any changes to the above IDC phases and measurement requirements are needed when the UE needs to signal the LAA/WiFi hardware sharing problem.

In phase 1, the UE has detected the IDC issue, but it has not reported yet this issue to the eNB. In this phase, the UE may for example need some time to figure out how to solve the issue and what type of information to report to the eNB, e.g. TDM-based assistance information. Therefore, in this phase measurement requirements may be subject to IDC issue e.g. due to ISM interference, or LAA/WiFi hardware sharing. In this phase, how efficiently measurements are performed strictly depend on UE implementation, e.g. on quickly the UE is able to detect the IDC issue and the related characteristics. No changes compared to legacy IDC framework are foreseen for phase 1.

Proposal 1 For LAA/WiFi hardware sharing, no changes to the legacy IDC phase 1 are needed.

Regarding phase 2, the following feedback has been provided by RAN4 [2]:
	From RAN4 LS reply [2]:

· When experiencing IDC problem caused by the hardware sharing between LAA and WLAN the UE shall be allowed to relax the existing RRM/RLM/CSI measurement requirement during phase 2.


In the legacy IDC framework, during phase 2, the UE is supposed to have identified the pattern of the IDC interference, and it is required to protect LTE connectivity, e.g. by denying ISM transmission in order to ensure that measurement requirements are fulfilled. However, by looking at RAN4 reply, it seems that for the LAA/WiFi hardware sharing problem, some relaxations of the RRM/RLM/CSI measurement requirement need to be allowed during phase 2. This is because the LAA/WiFi hardware sharing problem may be less predictable than the ISM interference, and it might not be possible to identify a TDM pattern in the WiFi activity which would allow the UE to solve the problem and fulfil the measurement requirements in phase 2. For this reason, unlike the legacy IDC framework, the UE may report to the eNB just the hardwareSharingProblem indication without any additional TDM assistance information. 
Given the above analysis, it should be captured in TS 36.300 that for the case of LAA/WiFi hardware sharing problem, the UE is allowed to relax measurement requirements in case no TDM traffic pattern can be identified by the UE.
Proposal 2 Capture in TS 36.300 that the UE is allowed to relax the existing RRM/RLM/CSI measurement requirement during phase 2, if it is not possible to identify any TDM pattern in WLAN traffic. A CR is provided in [3].
Regarding phase 3, the following has been highlight in the RAN4 LS reply: 

	From RAN4 LS reply [2]:

· In order to assess the impact on RRM/RLM/CSI measurement requirement during phase 3, RAN4 would like to know the details of the IDC solutions which can be provided by the network to the UE to resolve LAA/WiFi hardware sharing problem during phase 3. E.g., if RAN2 can provide some possible eNB/UE behaviours during phase 3, it will help RAN4 discussion.


In our understanding, during phase 3, as clearly described in TS 36.300, the eNB has already provided a solution that solves the IDC problem for the UE. Therefore, it is assumed that in this phase, the IDC issue (either due to ISM interference or LAA/WiFi hardware sharing problem) has disappeared. To solve the IDC issue the eNB can for example deconfigure (or deactivate) the problematic LAA cell, or configure a DRX pattern to get around the problematic TTIs. And it is obviously the UE which determines whether the solution provided by the eNB is helpful or not.
If, for any reason, the solution provided by the eNB does not solve the IDC problem, the UE does not enter phase 3, but it goes back to phase 1 measurement as already captured in a note, in the legacy TS 36.300 (see NOTE 2 in Table 23.4.2-1 attached above). Therefore, no changes are foreseen for phase 3 handling:

Observation 1 In legacy TS 36.300, it is already captured that if the UE determines in phase 2 that the network does not provide a solution that resolves its IDC problems, it performs measurements as defined for phase 1, i.e. the UE does not enter phase 3 if the solution provided does not solve the IDC issue.
Proposal 3 No changes to RRM/RLM/CSI measurement requirements are needed for phase 3, i.e. in phase 3 it is assumed that the solution provided by the eNB solves the IDC issue, and the UE shall fulfill the ordinary measurement requirements.
3 Conclusion

In section 2 we made the following observations:
Observation 1
In legacy TS 36.300, it is already captured that if the UE determines in phase 2 that the network does not provide a solution that resolves its IDC problems, it performs measurements as defined for phase 1, i.e. the UE does not enter phase 3 if the solution provided does not solve the IDC issue.


Based on the discussion in section 2 we propose the following:
Proposal 1
For LAA/WiFi hardware sharing, no changes to the legacy IDC phase 1 are needed.
Proposal 2
Capture in TS 36.300 that the UE is allowed to relax the existing RRM/RLM/CSI measurement requirement during phase 2, if it is not possible to identify any TDM pattern in WLAN traffic. A CR is provided in [3].
Proposal 3
No changes to RRM/RLM/CSI measurement requirements are needed for phase 3, i.e. in phase 3 it is assumed that the solution provided by the eNB solves the IDC issue, and the UE shall fulfill the ordinary measurement requirements.
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