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1. Introduction 
At the RAN#63 meeting, the LTE Release 12 work item on Network-Assisted Interference Cancellation and Suppression (NAICS) was approved [1]. Over the past few RAN1 meetings, CSI enhancement for Rel-12 NAICS was discussed. At the RAN1#77 meeting, based on [2], the following conclusion and agreement were reached.

Conclusion:

· In RAN1 #78 meeting, all companies are encouraged to investigate only UE reporting behavior under the current CQI definition and possible clarification/modification if needed as CSI enhancement

Agreement:
No RAN2 impact by NAICS CSI enhancement
In this contribution, we show the system evaluation results of symbol-level IC (SLIC) for different CQI definitions and present our views on the necessity of CSI enhancement for Rel-12 NAICS.
2. Discussion
At RAN1#76bis meeting, CSI enhancement for Rel.12 NAICS was discussed and the following was observed.

· CSI enhancements for Rel-12 NAICS receiver should be further studied until RAN1 #77 meeting, focusing on the following options 

· Option 1: A single CSI feedback for NAICS

· Option 1-1: CSI is derived after canceling/suppressing interference

· Cancelation/suppression is assumed to use Rel-12 NAICS functionality, including interference channel estimation

· CSI calculation can be derived based on CRS, IMR, CSI-RS, and PDSCH

· Option 1-2: CSI is derived after canceling/suppressing interference

· Cancelation/suppression is assumed to use Rel-12 NAICS functionality, including interference channel estimation and blind detection

· CSI calculation can be derived based on CRS, IMR, CSI-RS, and PDSCH

· Option 1-3: CSI is derived without considering  Rel-12 NAICS functionality (e.g. CSI after MMSE-IRC)

· Option 2: Multiple CSI feedback for NAICS

Each CSI is derived based on different interference hypothesis
In [3], we showed the system evaluation results of SLIC with Option 1-1 and 1-3, and clarified that Option 1-1 does not provide a reasonable gain compared to Option 1-3. For example, Table I gives the performance evaluation results when assuming NAICS scenario 1 and FTP traffic model with 60% resource utilization (RU). Note that the simulation assumptions are summarized in the Appendix.
Table I. Throughput performance with NAICS scenario 1 (FTP@RU = 60%)
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Throughput (Mbps) Gain from IRC

5%ile 50%ile 95%ile 5%ile 50%ile 95%ile

IRC

1.92  9.30  45.45  - - -

SLIC w/ Option 1-3

2.15  10.00  45.69  12.07% 7.50% 0.52%

SLIC w/ Option 1-1

2.18  10.08  45.98  13.61% 8.31% 1.15%


From the results, we observed that SLIC with Option 1-1 achieves a system performance gain of 13.61% in terms of the 5 percentile user throughput in this case. However, we also observed that the differences in the performance of SLIC with Option 1-1 and 1-3 are very small.

In order to investigate the reason for this phenomenon, the probabilities of each CQI/MCS being selected are shown in Fig. 1 and Fig. 2, respectively. 
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Figure 1. CQI selection probability with NAICS scenario 1 (FTP@RU = 60%)
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Figure 2. MCS selection probability with NAICS scenario 1 (FTP@RU = 60%)
Regarding the CQI selection probability in Fig. 1, we observe that SLIC with Option 1-1 reports higher CQI compared to SLIC with Option 1-3 since the effect of the interference cancellation is included in the CQI. As for MCS selection probability in Fig. 2, however, we observe that the probabilities for SLIC with Option 1-1 and Option 1-3 are almost the same although SLIC with Option 1-1 reports a higher CQI compared to Option 1-3. A possible reason for this phenomenon would results from an inappropriate MCS selection. The CQI values reflecting the effect of interference cancelation are greatly affected by the modulation order for the interfering cell. However, since the serving eNB does not know which modulation order is actually selected at the interfering eNB, the MCS selection based on such CQI values is not always correct. Namely, if the modulation order for the interfering eNB is different when selecting the MCS at the serving eNB from that for calculating CQI values, the resultant MCS level is not optimum as shown in Fig. 3. 
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Figure 3. Mismatch of modulation order for the interfering eNB between CQI calculation and MCS selection 
For example, the UE supporting SLIC with Option 1-1 reports “aggressive” CQI assuming lower order modulation, e.g. QPSK, for the interfering cell. After the CQI report, the serving eNB selects the MCS based on this CQI and transmits the signal to the UE supporting SLIC. However, if higher order modulation, e.g. 16QAM or 64QAM, is selected at the interfering eNB, the selected MCS would be too high since the performance for SLIC is worse for higher order modulation than that for lower order modulation. As a result, SLIC may report a NACK, and the eNB selects a lower MCS afterward. On the other hand, when the UE reports “defensive” CQI assuming higher order modulation for the interfering eNB, the MCS selection may be conservative.
In order to confirm further the above phenomenon, we evaluate the probability that the modulation order for the interfering eNB in the CQI calculation part differs from that for the demodulation part. The results are shown in Table II.
Table II. Mismatch probability of modulation order for interfering eNB
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Note that “down (up)” in Table II means that the interference modulation order becomes high (low) in the demodulation part. For example, “2 down” means that the modulation order for the interfering eNB is QPSK in the CQI calculation part, but it changes to 64QAM in the demodulation part. From Table II, we find a non-negligible probability of mismatch, about 27%. For the above reasons, we consider that the system performance for SLIC with Option 1-1 is not improved due to an inappropriate MCS selection. 
Although SLIC with Option 1-1 does not exhibit the substantial gain compared to Option 1-3, one can consider that option 1-3 may be inconsistent with the current CQI definition, i.e., UE shall report the highest CQI index satisfying that the block error rate is below 0.1. Therefore, in order to maintain the current CQI definition, Option 1-1 should be considered, i.e., NAICS receiver gain should be included in the CQI when specifying CQI requirement for Rel-12 NAICS in RAN4. 

3. Conclusion

In this contribution, we showed system evaluation results of SLIC with Option 1-1 and 1-3 and its analysis. We also found that there is the case when the performance of SLIC with Option 1-1 is degraded due to an inappropriate MCS selection caused by the mismatch of the modulation order for the interfering eNB between CQI calculation and MCS selection. Although Option 1-1 does not provide a noticeable gain over Option 1-3, only the choice for RAN1 is to take Option 1-1 in order not to violate the current CQI definition. 

Proposal: The current CQI definition in RAN1 specification does not need to be changed. How to include NAICS receiver gain in the CQI requirement in RAN4 is left to the discretion of RAN4.
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Appendix 
· Simulation assumptions
The following points are assumed in this contribution.

· Receiver type assumption

· Baseline receiver: Rel. 11 MMSE-IRC receiver

· SLIC: Realistic cancellation for dominant interference signal based on soft-decision replica

· CSI feedback

The following two CSI calculation schemes are compared for SLIC.

· Option 1-3: CSI for the baseline receiver, i.e. Rel. 11 MMSE-IRC receiver
· Option 1-1: CSI including the effect of interference cancellation by SLIC calculated using the scheme described in Section 2 of [3]

Note that we assume that the above CSI is calculated using instantaneous interference and noise power, i.e., the power is not averaged over some subframes.
· System-level modeling methodologies applied in this contribution

· Baseline receiver: Modeling methodology described in [5], i.e., based on the complex Wishart distribution

· SLIC: Alternative 1 among the modeling methodologies for SLIC described in [4]. 

· Number of cancelling interfering cells

We assume that SLIC cancels the signal transmitted from the most dominant interfering cell, i.e., a 1-cell interference canceller is assumed. Note that the most dominant interfering cell is defined as the cell with the highest RSRP among the interference cells where there is data traffic.

· Scheduling restriction and coordination between eNBs

It is highly desired from the NW perspective that scheduling restrictions or coordination not be mandated in order to apply these receiver types. Accordingly, scheduling restrictions and coordination between the severing cell and interfering cells are not applied in this evaluation.

· Restriction of interference cancellation

To reduce the signaling overhead and/or blind detection complexity, we assume that application of SLIC is restricted to the RBs where Rank-1 is applied to the serving and interfering signals. In other RBs, the baseline receiver, i.e., Rel. 11 MMSE-IRC, is applied. 

· Parameters for interfering signals required at UE

In this contribution, genie-aided SLIC is assumed, i.e., the interference parameters are ideally known at the UE. Note that the DM-RS-based transmission mode (TM9) is assumed in all cells. More specifically, based on RAN4 discussion [4], we assume that the following parameters are available to cancel the PDSCH, CRS, and CSI-RS of the most dominant interfering signal.

· Semi-static parameters:

· Cell ID, CRS antenna port, Data to RS EPRE (PB), MBSFN configuration, and CSI-RS configuration

· Dynamic parameters:

CFI, Modulation order, PDSCH bandwidth for DM-RS, DM-RS antenna port, RI, and nSCID
The other simulation assumptions are given in Table A1.
Table A1. System Level Simulation Assumption
[image: image6.emf]Carrier frequency 2 GHz

Transmission bandwidth  10 MHz

Subband bandwidth 1.08 MHz (6 RBs)

Antenna configuration  2x2, cross-polarized antenna

Deployment scenario NAICS Scenario 1

UE inddor/outdoor distribution 80% indoor , 20% outdoor

Traffic model FTP traffic model @60% RU

UE moving speed 3 km/h

MIMO scheme SU-MIMO 

Scheduling algorithm Proportional fair

Control delay (scheduling, AMC) 6 ms

HARQ  Chase combining 

CQI/PMI feedback interval 10 ms 

Granularity of PMI and CQI feedback PUSCH Mode 3-1

Channel estimation Non-ideal  

IRC receiver covariance estimation Non-ideal covariance matrix modeled by Wishart distribution

TM of PDSCH  TM9 

Overhead of RS and PDCCH

PDCCH (2 symbols per subframe)

DM-RS (12 REs per PRB)

Modeling of interference outside the area

Realistic interference assuming precoding and scheduling at 

other TPs

Handover margin 3 dB

Number of MBSFN subframes 0
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