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Discussion 

1 Introduction

The WI on NAICS [2] was approved in [1] containing following objective:
· (RAN1) Investigate CSI enhancements for NAICS receivers; if necessary specify the identified enhancements.
In this contribution, we discuss one possible CSI reporting enhancement in R-ML receiver perspective.
2 CSI reporting
The CSI feedback should reflect the UE performance in the channel conditions and in the NAICS case the CSI feedback should also reflect the UEs interference mitigation gain in order to achieve good system performance. However, the structure of the interfering transmission may have impact on the CQI values that should be reported but the interfering cell transmission is not targeted to be controlled by the CQI report. One approach is that the CQI report just adapts to the mainstream interference conditions. 
Considering the linear interference suppression receiver assumed as a baseline for the Type A enhanced receiver, the receiver performance mainly depends on the covariance of the interference which should not change too fast excluding the possible impact of precoding and scheduling. One CQI report has been considered sufficient. On the other hand, multiple CSI reports have been defined for CoMP in order to better evaluate the coordination impact of transmissions.
The performance of the more advanced non-linear receivers in NAICS like the R-ML depends at least on the precoding, modulation order and number of layers in the interfering cell. The performance may be different depending whether QPSK or 64QAM is scheduled in the interfering cell. As an alternative, it could be beneficial to investigate the potential of using multiple CSI reports extended from CoMP framework in order to achieve more information for scheduling and coordination. This approach increases the UE complexity and benefits should be evaluated.
Observation: CSI reporting extended from CoMP framework could be studied as an alternative but multiple reports and hypothesis also increase complexity of a UE.
Observation: Any new reporting scheme should demonstrate potential improvement.
As an example, two new CSI reporting methods extended from CoMP are studied in the following simulations:
· 1 CSI report: UE reports periodically one CSI report. 

· UE is configured with 1 CSI-RS from serving and 1 CSI-RS from interfering cell
· UE will emulate the impact of the interference assumed from the interfering cell by using channel estimate from interfering cell
· 1 IMR resource to measure interference outside the serving and coordinated cell.
· multiple CSI reports: 

· UE reports periodically a CSI report where specific modulation order and number of layers is assumed to be scheduled in the interfering cell. Multiple different CSI reports may be fed back.
· UE is configured with 1 CSI-RS from serving and 1 CSI-RS from interfering cell
· UE will emulate the impact of the interference assumed from the interfering cell by using channel estimate from interfering cell but conditioned on assumed modulation and number of layers. 

· 1 IMR resource to measure interference outside the serving and coordinated cell.
Simulations were conducted assuming following setup:

· The 5~25%-tile geometry factor region is investigate at the 80th and 50th percentile dominant interferer power (DIP) ratio levels for I1/Noc and I2/Noc as defined for the NAICS scenario 1 in [5].

· Interfering cell always transmits a subframe using random MCS. IID decisions are made from subframe to subframe.

· EPA 5 km/h channel profile is used.

· Serving cell schedules full band transmission using link adaptation. Only single layer transmission is used and there is no OLLA compensation.

· One dominant interfering cell is to be detected by the R-ML algorithm and cell is selected based on the path loss.

· TM10 is used in all cells and the transmission mode of both cells is known by the UE.

In Figure 1 and Figure 2 pairwise comparisons are made where the UE calculate either 1 or 2 CSI reports. In the 2 CSI report case the CQI reports cover the same modulation orders as are actually transmitted from the interfering cell. In Figure 1 the interfering cell transmits a subframe using either single layer QPSK modulation or single layer 64QAM modulation with equal probability. In Figure 2 either 16QAM or 64QAM is transmitted with equal probability.

The achieved packet error rate without outer loop link adaptation is shown in Figure 1. Both schemes achieve similar overall average error rate but when looking the error rates during the subframes where only the QPSK or 64QAM has been scheduled, the differences can be observed. Larger drift from the average error rate is observed if only 1 report is used. Hence, differentiating CQI report between QPSK and 64QAM might be beneficial. There is no OLLA compensation and average error rates increase into slightly too high value at the 50th percentile case. Further tuning of CQI selection might be needed in order to reduce error rates. On the other hand, the differences in Figure 2 are very small leading to conclusion that differentiating between 16QAM and 64QAM is not necessary even in single layer case.

The Figure 3 provides additional comparison results. It can be seen from Figure 3 comparing QPSK and 64QAM CQI reports that use of 2 CSI reports widens the CQI distribution. If single CQI report is calculated UE needs to target into average performance conditioned on the distribution of MCSs in the interfering cell. The two different reports may more specifically target the hypothesis on the interference.
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Figure 1. Achieved packet error rate QPSK and 64QAM single stream interference. (50th and 80th percentile DIP)
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Figure 2. Achieved packet error rate 16QAM and 64QAM single stream interference. (50th and 80th percentile DIP)
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Figure 3. Histogram of CQI reports at geometry factor equal to 0 dB.
In order to maintain reasonable reporting latency and UE complexity in the CoMP style reporting only a few reports should be required. In complexity sense, if there would be a configurable list of hypothesis to be assumed by the UE, this list should be kept as compact as possible in order to limit different implementations required in the UE. At the same time, computational complexity should be limited by keeping the number of UE reported CSI reports as compact as possible. Only the hypothesis that lead to significantly different CSI reports should be considered.
Observation: Possible configurable list of hypothesis assumed by the UE should be kept as compact as possible in order to limit different implementations required in the UE.

Observation: Computational complexity should be limited by keeping the number of UE reported CSI reports as compact as possible.

An example is shown in Table 1 where two different CSI reporting hypothesis are listed. In other words, UE would feedback 2 different CSI reports each having different assumption on interfering cell transmission. The need for differentiating between the single and the multilayer cases in the hypothesis index 2 could be further studied but it can be expected that R-ML mitigation capability over e.g IRC receiver is reduced in these cases anyway. It has also been agreed in WID [2] that handling up to 3 layers is enough. One further problem is assumed handling of interfering cell PMI. In these studies we have assumed random PMI in the CQI calculation but further study could be conducted whether modulation order or PMI information has more significant impact on the CSI report quality. The random PMI assumption also makes the one or multilayer cases look more similar in terms of expected SINR and differentiation becomes more difficult. If quality is already masked by assumed PMI information, the NAICS related improvements become irrelevant.
Table 1. Example CSI report pair corresponding to different NAICS interference hypothesis.

	CSI report hypothesis index
	Assumed number of layers in interfering cell
	Assumed modulation in interfering cell

	1
	1
	QPSK

	2
	1 or more
	1 layer: 16QAM or 64QAM
2 or more layers: any modulation


The use of CSI reporting set provides also means to compress related downlink signaling of interference information. The hypothesis set on interference structure could be the same both in the CSI reporting phase and in the actual data scheduling and transmission phase. In CQI calculation perspective these are hypothesis on interference structure but in downlink data transmission perspective these would represent the scheduled interference structure. The hypothesis index would equal the downlink assistance signalling since network could just signal which configuration is used in the actual data transmission.

3 Conclusion

The CSI reporting alternatives in NAICS mainly has two possible paths forward. Either extend a single report mechanism used for example for IRC or to extend CoMP framework:
Observation: CSI reporting extended from CoMP framework could be studied as an alternative but multiple reports and hypothesis also increase complexity of a UE.
Hence:

Observation: Any new reporting scheme should demonstrate potential improvement.

Considering that the CoMP like reporting of multiple CSI reports may lead to significant implementation and computational complexity, following guideline could be considered:

Observation: Possible configurable list of hypothesis assumed by the UE should be kept as compact as possible in order to limit different implementations required in the UE.

Observation: Computational complexity should be limited by keeping the number of UE reported CSI reports as compact as possible.
Further study is still needed on potential benefits of modified CSI reporting.
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