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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 was divided into 3 phases where phase1 represents detection of IDC problem by UE, phase2 starts with UE indication of IDC issue to eNB and phase3 corresponds with eNB providing solution to resolve the IDC issue. It was also agreed how different types of measurements are performed in different phases of IDC. In this document we re-evaluate and propose small correction to the CSI measurements.
2      Discussion 

In RAN2#79bis there was further discussion on measurements during different phases of IDC based on [1]. The stage-2 36.300 CR [2] captured the agreements of RAN2#79bis for RRM/RLM measurements in different IDC phases as follows:
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 implementation and RLM measurement requirements (see 3GPP TS 36.133 [21]) apply
	Up to UE implementation and CSI measurement requirements (see 3GPP TS 36.101 [52]) apply

	Phase 2
	UE shall ensure the measurements are free of IDC interference and RRM measurement requirements (see 3GPP TS 36.133 [21]) apply
	UE shall ensure the measurements are free of IDC interference and RLM measurement requirements (see 3GPP TS 36.133 [21]) apply
(NOTE 1)
	

	Phase 3
	UE shall ensure the measurements are free of IDC interference and RRM measurement requirements (see 3GPP TS 36.133 [21]) apply
	UE shall ensure the measurements are free of IDC interference and RLM measurement requirements (see 3GPP 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. 
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.


From the above it can be observed how the UE should perform CSI measurements during phase2 and phase3 is not clear. CQI definition as given in [3] is pasted below:
	7.2.3
Channel quality indicator (CQI) definition

The CQI indices and their interpretations are given in Table 7.2.3-1.

Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the condition:
· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1. 


The CSI reference resource definition as given in [3] is pasted below:  
	The CSI reference resource is defined as follows:

· In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CQI value relates.

· In the time domain, the CSI reference resource is defined by a single downlink subframe n-nCQI_ref,
· where for periodic CSI reporting nCQI_ref  is the smallest value greater than or equal to 4, such that it corresponds to a valid downlink subframe;

· where for aperiodic CSI reporting nCQI_ref  is such that the reference resource is in the same valid downlink subframe as the corresponding CSI request in an uplink DCI format.

· where for aperiodic CSI reporting nCQI_ref  is equal to 4 and downlink subframe n-nCQI_ref corresponds to a valid downlink subframe, where downlink subframe n-nCQI_ref is received after the subframe with the corresponding CSI request in a Random Access Response Grant.

A downlink subframe in a serving cell shall be considered to be valid if:

· it is configured as a downlink subframe for that UE, and

· except for transmission mode 9, it is not an MBSFN subframe, and

· it does not contain a DwPTS field in case the length of DwPTS is 
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 and less, and

· it does not fall within a configured measurement gap for that UE, and

· for periodic CSI reporting, it is an element of the CSI subframe set linked to the periodic CSI report when that UE is configured with CSI subframe sets.

If there is no valid downlink subframe for the CSI reference resource in a serving cell, CSI reporting is omitted for the serving cell in uplink subframe n.


When DRX based TDM solution is configured by network to resolve IDC issue then network cannot ensure that the CSI reference subframe is always in the LTE active period. So, how the UE handles the CSI reference subframe which falls within the LTE inactive period is not defined anywhere in specification. When the CSI reference subframe falls in LTE active time then the reported CQI is not IDC affected as depicted in Figure 1. 
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Figure 1: Reported CQI value reflecting LTE channel condition in reference subframe not affected by IDC.
When the CSI reference subframe falls in LTE inactive time then there is possibility of ISM activity and therefore the CSI reference subframe may be IDC affected as shown in Figure 2. 
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Figure 2: Reported CQI value reflecting LTE channel condition in reference subframe affected by IDC.
If the CSI reference subframe is affected by IDC then the whole subframe will be corrupted and it will not be possible for UE to decode it. In this situation UE may not be able to satisfy the condition highlighted in blue above and it is possible that UE may report CQI index as 0. This reflects only the situation of CSI reference subframe where as the subsequent subframes which falls in LTE active time might be having perfect condition for data transmission. So reporting CQI value 0 will be misleading and reduces the scheduling opportunity.

Now the question is Should the UE provide CQI value based on IDC interference free measurement or based on measurement on any subframe irrespective of the fact that it is IDC affected or not? As mentioned above that it is possible that non-IDC affected subframes might have good condition so it is better that UE perform CQI measurement on IDC interference free subframes. This will help in scheduling with better modulation and coding / transport block size compared to the case if CQI value also include effect from IDC.
In phase 2 since UE has already informed the TDM assistance information to eNB so it is known to eNB which subframes are IDC interfered. Therefore there is no need for UE to report CQI value 0 in case CSI reference subframe is IDC interfered. 

Proposal 1: In IDC phase 2 and phase 3 for CQI; UE shall ensure the measurements are free of IDC interference and CSI measurement requirements (see 3GPP TS 36.101 [52]) apply.
The above proposal is in line with the way forward adopted in RAN4 [4]. The updated table is given below:

	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 implementation and RLM measurement requirements (see 3GPP TS 36.133 [21]) apply
	Up to UE implementation and CSI measurement requirements (see 3GPP TS 36.101 [52]) apply

	Phase 2
	UE shall ensure the measurements are free of IDC interference and RRM measurement requirements (see 3GPP TS 36.133 [21]) apply
	UE shall ensure the measurements are free of IDC interference and RLM measurement requirements (see 3GPP TS 36.133 [21]) apply
(NOTE 1)
	UE shall ensure the measurements are free of IDC interference and CSI measurement requirements (see 3GPP TS 36.101 [52]) apply.

	Phase 3
	UE shall ensure the measurements are free of IDC interference and RRM measurement requirements (see 3GPP TS 36.133 [21]) apply
	UE shall ensure the measurements are free of IDC interference and RLM measurement requirements (see 3GPP 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. 
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.
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