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1. Introduction
In RAN1 #77, it had been agreed that there is no RAN2 impact by NAICS CSI enhancement [1]. However there is still no conclusion on 
1) enhancement for UE reporting behavior under the current CQI definition; 

2) if current CQI definition should be further clarified for Rel-12 NAICS receivers. 

As stated in [2], possible solutions for CSI enhancement include: 

· Extending CSI reference resource definition to the resource allocation of the scheduled PDSCH

· Additional feedback to assist the network with assessing the benefit of network assistance signaling and making reconfigurations to NAICS UE
· NAICS CQI with a fixed modulation assumption of interference signal

· Aperiodic CSI-IMR configuration 

· Configuration of interference averaging interval for CSI calculation by network side

· NAICS CSI calculated based on interference observed over a CSI-IM

· Multiple CSI feedback assuming different receiver type

· Modification of CQI definition
In this contribution, we provide our views and analysis on these CSI issues.
2. CQI definition
The key idea for CQI requirement in LTE is that the UE provides the “best” CQI for a hypothetical PDSCH on a past subframe where the UE should reflect its receiver performance when processing the hypothetical PDSCH. There are a few specifics in the current CQI definition in section 7.2.3 of TS36.213:
1) CQI report at subframe-n (SF #n) correspond to a PDSCH transport block occupying the CSI reference resources
a. The CSI reference resource is in SF #n-4 (or the earliest valid downlink subframe no earlier than n-4), for periodic reporting
b. The CSI reference resources is in the same valid downlink subframe as the corresponding CSI request, for aperiodic reporting 
2) CQI derivation is based on an unrestricted observation interval in time and frequency, but the UE reports the highest CQI for a hypothetical PDSCH on the CSI reference resources with a corresponding predicted BLER not exceeding 0.1 
3) For TM1-8 and TM9 where pmi-RI-Report is not configured by higher layers, the UE shall derive the channel measurements for computing the CQI value reported in uplink subframe n based on CRS. For TM9 with pmi-RI-Report configured by higher layers, the UE shall derive the channel measurements for computing the CQI value based on only CSI-RS. 
4) For TM10, the UE shall derive the channel and interference measurement for computing the CQI values based on only non-zero-power CSI-RS and only zero power CSI-RS within the configured CSI-IM resource associated with the CSI process, respectively.
Observation: 
Current CQI definition is not suitable to reflect UE’s performance with NAICS functionality.

Under the current CQI definition, the UE should assume NAICS is applied on the hypothetical PDSCH. The “interference measurement” as mentioned in the spec should include any necessary interference parameter detection and channel estimation. However, relying on the interference measurement resource, it seems impossible to know the impact of interference detection and channel estimation using either interference cell DMRS, or interference CRS plus interference data REs in the interference PDSCH, with or without using the desired cell CRS/DMRS or PDSCH depending on the receiver algorithm. Another alternative is to measure interference on an “actual” PDSCH for NAICS. However, if the referred PDSCH is currently occupied by another PDSCH intended for a different UE, the UE should not deem the current PDSCH as interference. Given the UE has no knowledge of the current PDSCH, it is very difficult for the UE to estimate the interference well. 
3. CSI enhancement 
Among the proposals listed in Section 1, consensus on the benefits of CSI enhancement has not been yet reached. In fact, none of the solutions can really solve the following difficulties:
1) Accurate prediction of non-linear NAICS receiver, even under known interference condition
2) Modeling of interference parameter detection error in NAICS receivers
3) Change of interference condition due to dynamic scheduling decisions in the desired and interference cells, from the time CSI is measured/reported to the time a new PDSCH is sent
In our previous contribution [3], we considered to feedback post-NAICS CQI to reflect UE’s IC capability. The “post-NAICS CQI” is derived based on the assumption that the transmission parameters, including PMI/RI, MOD, and TM are detected correctly for CSI computing. The UE derives the highest CQI based on the interference condition learned from the resource allocation of the scheduled PDSCH in previous subframe. 
	CSI feedback type
	Ave. cell throughput (bps/Hz)
	5%-tile user throughput (bps/Hz)

	IRC-based CSI
	1.94
	-
	0.0498
	-

	Post-NAICS CSI
	1.86
	-4.1%
	0.0459
	-7.8%


Table 1 Performance under full-buffer-traffic (10 users per cell)
	CSI feedback type
	Ave. user throughput (bps/Hz)
	5%-tile user throughput (bps/Hz)

	IRC-based CSI
	2.079
	-
	0.427
	-

	Post-NAICS CSI
	1.948
	-6.3%
	0.435
	+1.8%


Table 2 Performance under FTP traffic (RU~=40%)
Here we present the simulation results again as the above two tables. Details on parameter setting and analysis can be found in [3]. In fact we observed around 4~6% performance degradation for average throughput. Based on the results, we think it is difficult to make the feedback very accurate unless the interference is well controlled. The impact of blind detection error, which was not considered in our simulation, would also make it more challenging to derive a suitable post-NAICS CQI. Multiple CSI feedback may be also not useful for the same reasons while eNB also does not know the change/stability of interference condition. To conclude, the best strategy for CSI report is to derive CSI without considering Rel-12 NAICS functionality in our view.
Proposal:
Clarify in TS36.213 that CQI is derived without considering Rel-12 NAICS functionality.
4.  Conclusion
In this contribution, we provide some simulation results and analysis on the CSI issue, especially for the interference measurement for NAICS. Based on the study so far, we think it is not useful to make the feedback very accurate unless the interference is well controlled. Only if eNB has some predictability of interference, it is hard to know if the post-NAICS used is too optimistic or not. At current stage the best strategy for CSI report is to derive CSI without considering Rel-12 NAICS functionality in our view.
Proposal:
Clarify in TS36.213 that CQI is derived without considering Rel-12 NAICS functionality.
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