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1 Introduction
RAN4 has received LS from RAN2 in which RAN4 has been asked to assess the impact on RRM and CSI requirements in a scenario where UE hardware components, such as antennas, are shared between LAA SCells and other radio technologies such as Wi-Fi [1]. More specifically RAN2 has asked the following question [1]: 
RAN 2 respectfully requests RAN 4 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 RAN 2.

In the last RAN4 meeting this issue was briefly discussed in [3-4]. But there was no consensus and the decision was deferred to the future meetings. In this paper we further analyse the impact of sharing hardware between LAA and WiFi on LAA measurement and CSI requirements.  
2 IDC Background
RAN4 extensively discussed in-device coexistence (IDC) related problem, corresponding solutions and impact on measurement requirements in Rel-11. 
According to stage 2 specification, TS 36.300, the 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
3 Impact on LAA SCell RRM Requirements
As described in section 2 that in phase 2 the UE sends request for IDC indication to the eNB but does not have any IDC solution. In phase 3 the UE has received an IDC solution from eNB.
In different phases, UE behaviours related to RRM, RLM, and CSI measurements are shown in Table 1, which is reproduced from stage 2 specification TS 36.300.

Table 1: RRM/RLM/CSI measurements in different phases of IDC interference [TS 36.300]
	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.


It was proposed in [4] that in phase 2 the UE thardware is used by WiFi therefore the UE may not be able to fulfil the RRM measurement requirement in this phase. It should also be noted that WiFi traffic/activity is scenario dependent and cannot be quantified. Furthermore such UE behaviour (i.e. not meeting RRM requirements in phase 2) defies the rules defined in TS 36.300. For example during phase 2, according to table 1 (TS 36.300) it is clear that the UE should ensure that the measurements are free of IDC interference. Furthermore the UE should meet the existing RRM and RLM requirements. To achieve this objective in practice the UE should not start WiFi otherwise the RRM performance will be degraded. There are no RLM requirements in LAA since RLM is defined for PCell/PSCell while LAA applies only to SCell.
It is important to note that the current specification (TS 36.300) requires the UE to fulfil the RRM requirements regardless of whether any of the TDM solutions specified in TS 36.331 is used or not. 

During phase 3, the UE has been provided with an IDC solution. Therefore the UE shall use the allocated resources (e.g. IDC denial subframes for TDM based solution) for WiFi operation. During these allocated resources the UE does not perform any LAA related operation. Therefore we don’t see any reason to relax any measurement requirements during phase 3. The impact of IDC solution on RRM requirements is already covered in TS 36.133 since release 11. For example when IDC denial subframes are configured then UE is allowed to delay measurement reports. 
· Proposal #1: In phase 2 the UE is required to meet the existing LAA measurement requirements in TS 36.133. Therefore the existing LAA measurement requirements shall be unaffected during phase 2 due to LAA/WiFi hardware sharing.
· Proposal #2: In phase 3 the existing LAA measurement requirements in TS 36.133 shall be met by the UE also under LAA/WiFi hardware sharing because in phase 3 the UE has been provided with an IDC solution in response to a UE request in phase 2. 
4 Impact on LAA SCell CSI Requirements
The CSI requirements defined in TS 36.101 for LAA were specified without considering any impact of in-device coexistence. This means the CSI requirements in TS 36.101 are derived without enabling any type of in-device operation. Therefore the CSI requirements in TS 36.101 shall also be verified or tested in the same situation under which they are derived i.e. when WiFi is not enabled. We therefore don’t see any need to modify the CSI requirements under LAA/WiFi hardware sharing in any of the IDC operational phases. 
· Proposal #3: The existing LAA CSI requirements in TS 36.101 are unaffected during phases 2 and 3 due to LAA/WiFi hardware sharing because CSI requirements are derived without enabling any in-device operation.

5 Summary
In this paper we have analysed the impact of sharing hardware between LAA and WiFi on LAA measurement and CSI requirements.  The following are the main proposals:
· Proposal #1: In phase 2 the UE is required to meet the existing LAA measurement requirements in TS 36.133. Therefore the existing LAA measurement requirements shall be unaffected during phase 2 due to LAA/WiFi hardware sharing.

· Proposal #2: In phase 3 the existing LAA measurement requirements in TS 36.133 shall be met by the UE also under LAA/WiFi hardware sharing because in phase 3 the UE has been provided with an IDC solution in response to a UE request in phase 2. 
· Proposal #3: The existing LAA CSI requirements in TS 36.101 are unaffected during phases 2 and 3 due to LAA/WiFi hardware sharing because CSI requirements are derived without enabling any in-device operation.
An LS response to RAN2 is provided in [5].
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