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1 Introduction
In RAN1 #77 meeting, several CSI enhancement methods for NAICS were proposed. However, among the proposals, consensus on the benefits of CSI enhancement had not been yet reached. Companies were encouraged to investigate only UE reporting behavior under the current CQI definition and possible clarification/modification if needed as CSI enhancement [1].
In this contribution we will investigate the feasibility of current CQI definition for NAICS receiver, including the UE reporting behavior and whether the CQI definition needs to be modified for NAICS.
2 UE reporting behaviour investigation under the current CQI definition
The current CQI definition in [2] requires the UE to derive for each CQI value the highest CQI index satisfying the following 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.”
When NAICS is applied at the receiver, following the current CQI definition without any clarification /modification, in principle the UE should report enhanced CQI which could reflect NAICS performance gain and meet the 0.1 BLER condition. In [3] we observed some difficulties for UE to derive the enhanced CQI due to e.g. the inaccuracy of interference channel estimation (e.g. based on non-colliding CRS) and blind detection, and the unpredictable interference in the scheduled subframes utilizing reported CQI. Considering these difficulties, various CSI enhancement methods were proposed in the last meeting and there was no consensus on the benefits of CSI enhancement. So it seems hard to specify a CSI enhancement method during Rel-12 timeline. 
As an alternative way, the CSI enhancement method could be applied depending on UE implementation. If there is no RAN4 performance requirement to ensure that the reported CQI index is the highest CQI index satisfying 0.1 BLER condition for NAICS capable UE, UE could report CSI in a traditional way without considering NAICS functionality or report enhanced CSI deriving from a CSI enhancement method. To overcome the mismatch between the reported CQI and the receiver performance, it depends on eNB to carry out some adjustment, for example, adjusting the CQI by outer loop link adaption (olla). In the following, we consider the effectiveness of olla procedure which is one of the ways for eNB to deal with the mismatch.
To investigate the appropriate UE CSI reporting behavior, we take into account CSI reporting behaviors in different CSI reporting subframes based on whether the receiver type actually used by the UE in corresponding scheduled subframes utilizing the reported CQI is fixed or not.
2.1 Actual receiver type is fixed in all scheduled subframes
Table 1 UE CSI reporting behaviors when the receiver type UE actually uses in different scheduled subframes is fixed
	UE CSI reporting behavior in different CSI reporting subframes
	The receiver type in scheduled subframes utilizing the reported CQI*
	Analysis
	Appropriate behavior or not

	Always report enhanced CSI
	NAICS receiver
	CSI reporting could reflect the performance of the receiver
	yes

	
	LMMSE-IRC receiver
	CQI may be overestimated, eNB could adjust MCS by olla with downward steps
	Could be yes

	Always report CSI in a traditional way
	NAICS receiver
	CQI may be underestimated, eNB could adjust MCS by olla with upward steps
	Could be yes

	
	LMMSE-IRC receiver
	CSI reporting could reflect the performance of the receiver, the same behavior as legacy UE
	yes

	Report enhanced CSI in some subframes and report CSI in a traditional way in other subframes
	NAICS receiver
	Will confuse eNB for the olla procedure because eNB does not know whether the cause for the different reported CSI  is UE reporting behavior or changed channel conditions
	No

	
	LMMSE-IRC receiver
	Will confuse eNB for the olla procedure because eNB does not know whether the cause for the different reported CSI  is UE reporting behavior or changed channel conditions
	No


* Note that NAICS capable UE would only perform NAICS receiver when interference meets the condition for NAICS (e.g. when interference is present at the cell edge, the total layer of serving and interference signal is up to 3), and may operate in a fallback mode (e.g. LMMSE-IRC) in other interference condition.

Table 1 analyzes the situation when UE uses a fixed receiver type in different scheduled subframes. According to the analysis, we observe that the inconsistent UE reporting behavior in different CSI reporting subframes will confuse the eNB for adjusting MCS by olla. As an example, when UE reports CSI in a traditional way in some subframes resulting in underestimated CQI, eNB will adjust with upward olla steps. Then UE reports enhanced CSI in subsequent reporting subframes which could reflect the receiver performance, but the eNB will add a positive olla offset determined by the upward olla steps to the SINR of enhanced CQI and select an optimistic CQI. And then the olla offset will be turned to either a smaller positive value or a negative value. However, actually the channel condition may remain the same when UE changes to report enhanced CSI, eNB olla procedure should still be based on the previous reported traditional CSI to select CQI and further calculate the olla offset value. 
2.2 Actual receiver type changes from NAICS to LMMSE-IRC in different scheduled subframes 
In Table 2 we analyze the UE CSI reporting behavior in different CSI reporting subframes when the receiver actually used by UE in the scheduled subframes utilizing the reported CQI changes from NAICS to LMMSE-IRC. Actually, as the interference cells transmission may be switched on/off and of different structure, the interference condition may change dynamically. The mobility of UE would also result in the changing interference condition. As a consequence, the receiver type actually used by UE may not be fixed in different scheduled subframes. As an example of the changing interference, we consider the interference condition meets the condition for NAICS under which UE performs NAICS receiver at the beginning, then the condition changes and UE performs LMMSE-IRC receiver consequently.
Table 2 UE CSI reporting behaviors when the receiver actually used by UE in different scheduled subframes changes from NAICS to LMMSE-IRC
	UE CSI reporting behavior in different CSI reporting subframes
	Analysis
	Appropriate behavior or not

	Always report enhanced CSI
	CQI may be overestimated when UE performs LMMSE-IRC, eNB could adjust MCS by olla
	Could be yes

	Always report CSI in a traditional way
	CQI may be underestimated when UE performs NAICS, eNB could adjust MCS by olla
	Could be yes

	Report CSI in a traditional way firstly , then report enhanced CSI and the receiver type changes to LMMSE-IRC
	Totally incapable of reflecting the performance of the receiver
	No

	Report enhanced CSI firstly, then report CSI in a traditional way and the receiver type changes to LMMSE-IRC
	Although the reported CSI could reflect the performance of the receiver, there would be not exactly for the change of reporting behavior to match the change of receiver type actually used. On the other hand, the olla offset value derived based on a UE reporting behavior may not be suitable for the changed reporting behavior. Thus, large CQI fluctuation would be caused by olla which may result in even worse CQI selection.
	No


From Table 2, UE needs to report CSI in a consistent way in different reporting subframes even if the receiver type actually used by UE is not fixed. 
Based on the analysis in the above tables, the UE reporting behavior should be consistent in different CSI reporting subframes. And it is up to RAN4 to determine the tests to ensure the consistent UE reporting behavior.
Proposal 1: The UE reporting behavior should be consistent in different CSI reporting subframes.
It is suggested in [4], that it could benefit the network to be aware of the type of CSI the UE is reporting and that the UE is performing NAICS utilizing the NA information, as with that knowledge, the network could try to compensate for the potential mismatches or to adjust olla operation. However, because the interference condition may change dynamically, knowing the receiver type at UE side by the network might be difficult and consume much signaling overhead. Without knowing the receiver type, the knowledge of UE reporting behavior at the network is worthless for mismatch compensation. 
Proposal 2: The UE reporting behavior should be transparent to the network.

3 Feasibility analysis of current CQI definition
The current CQI definition does not need to be modified or clarified for NAICS receivers.

One motivation to modify the CQI definition is that reporting the CSI in a traditional way would be regarded as violating the current CQI definition for NAICS receiver because it does not report the highest CQI index to reach 0.1 BLER. However, even in normal (non-NAICS) operation, when CRS is colliding between serving and neighboring cells in non-ABS subframes, the CQI reporting is also considered not to comply with the current CQI definition in some sense. In such case UE has no visibility of the PDSCH structure of interference due to collided CRS so that the calculated interference covariance does not match the actual PDSCH interference when deriving CQI. The case exists in Rel-11 and even earlier releases, and is not considered a problematic impact on system performance. Since the CQI definition violating problem caused by colliding CRS is not introduced by NAICS, we don’t see the evident needs or obvious benefits to change the current CQI definition.
On the other hand, the benefit of keeping the current CQI definition is that it does not preclude the possibility of UE implementations with either CSI enhancement in the future or traditional CSI reporting which gives more options for UE reporting behavior. 
We propose that:
Proposal 3: The current CQI definition is feasible for NAICS receiver without modification or clarification.
4 Conclusion 
In this contribution, we discuss the UE reporting behaviour under the current CQI definition and the feasibility of current CQI definition for NAICS receiver, the proposals include:
Proposal 1: The UE reporting behavior should be consistent in different CSI reporting subframes.
Proposal 2: The UE reporting behavior should be transparent to the network.
Proposal 3: The current CQI definition is feasible for NAICS receiver without modification or clarification.
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