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1. Introduction

In RAN #63 meeting, a work item on network assistance interference cancellation and suppression (NAICS) for LTE was approved [1]. One of the objectives of the WI is to investigate CSI enhancement as follow: 

·  Investigate CSI enhancements for NAICS receivers; if necessary specify the identified enhancements.
In this contribution, we discuss the need of CSI enhancement and present system level simulation results to show the performance gain of NAICS after CSI enhancement.
______________________________________________________________________
2. Discussion
IMR was introduced in Rel-11 for CoMP CQI calculation in various interference scenarios. One simple way for NAICS UE to calculate CQI is to use IMR as CoMP UEs do. In other words, the UE just measures interference power at IMR without any compensation to capture its IC capability so that it probably reports lower CQI than it can actually achieve. Due to this conservative CQI, it is hard to fully harvest NAICS throughput gain although OLLA may help to compensate the reported CQI in some degree.
Therefore, it is desirable that the UE measures interference at IMR with proper compensation to capture its IC capability and reports enhanced CQI based on it. In [2], we discussed several ways to derive this enhanced CQI, and in this contribution we focus on method 2; the UE removes the cancelable amount of dominant interference power from the measured interference at IMR, based on interference condition at the RB including IMR. Based on this SINR reflecting the IC effect, UE determines CQI.
 Furthermore, the UE also should choose PMI, taking into account its IC capability. Because IRC rx-beamforming is determined based on not only desired effective channel but also interfering channel, PMI maximizing received SINR is also determined by the both. However, the SLIC UE can cancel a full or part of interference in symbol-level, resulting in different PMI selection than other types of UE select. 
As CQI and PMI are selected in a different way as described above, RI selection naturally takes into account its IC capability. If SLIC is not possible in high rank, it depends on RI whether the UE determines CQI and PMI in the enhanced way or not.
Regarding the enhanced CSI discussed above, we should carefully look at how the UE can figure out interference conditions at the RB including IMR. Even if blind detection for some interference conditions is feasible at demodulation stage, it is hard to expect the same level of BD performance at CSI calculation stage. That is because, at CSI calculation stage, the UE tries to blindly detect them under strong interference from its serving TP as described in Figure 1. In other words, at demodulation stage, UE can take advantage of its scheduling information that its DCI contains for better BD performance but it cannot when calculating CSI since it cannot access other UEs’ DCI that its serving TP transmits. Alternatively, it is possible that UE performs BD by only using IMR RE where the serving TP mutes, but it will degrade BD performance significantly due to lack of sample REs for BD.
Therefore, we need further study on BD feasibility at CSI calculation stage, separately from BD feasibility at demodulation stage, and the impact of wrong detection of interference condition when calculating enhanced CSI.
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Figure 1. The difference of BD condition between CSI calculation stage and demodulation stage
In the following section, we present simulation results to compare NAICS gain of conventional CSI and the enhanced CSI capturing the NAICS effect.
3. Simulation results

In Table 1, performance evaluation results for SLIC with CSI enhancement in NAICS scenario 1 is presented. In our evaluation, alternative 1 of the system-level modeling methodologies in [3] is used and a single interfering layer from a dominant interfering cell is cancelled at the SLIC receiver when desired signal is transmitted with rank 1. The dominant interfering cell is the one having the highest RSRP among neighbor cells. It is assumed that NAICS UE is smart enough to decide not to run SLIC receiver in non-preferred condition. Thus, interference cancellation is applied when SNR and INR are in the range of having NAICS gain. It results in more performance gain compared to those in [4].
Moreover, CSI feedback enhancement is applied based on the interference condition at the subframe where CSI-IM is configured. Specifically, for its selected RI and PMI, UE calculates CQI which is achievable after applying SLIC under interference condition (e.g., # of layers and modulation order) at the CSI-IM. After calculating CQIs for all possible combinations of RI and PMI, the UE reports the best CSI. The other simulation parameters are described in Appendix.
Table 1. Evaluation results of SLIC in NAICS scenario 1

(a) RU 40%
	Receiver type
	RU
	Avg. UPT (bps/Hz)
	5%-tile UPT (bps/Hz)

	
	
	
	

	MMSE-IRC
	0.39
	1.9097 
	0.2782 

	
	
	0.0 %
	0.0 %

	SLIC w/o CSI enhancement
	0.38
	1.9435
	0.3070

	
	
	1.8 %
	10.4 %

	SLIC w/ CSI enhancement
	0.36
	1.9871
	0.3268

	
	
	4.1 %
	17.5 %


(b) RU 60%
	Receiver type
	RU
	Avg. UPT (bps/Hz)
	5%-tile UPT (bps/Hz)

	
	
	
	

	MMSE-IRC
	0.59
	1.4431 
	0.1474 

	
	
	0.0 %
	0.0 %

	SLIC w/o CSI enhancement
	0.56
	1.5123
	0.1665

	
	
	4.8 %
	13.0 %

	SLIC w/ CSI enhancement
	0.54
	1.5854
	0.1895

	
	
	9.9 %
	28.6 %


In the evaluation results, it can be seen that the performance gain for average UPT and 5%-tile UPT increases as RU increase. It can also be seen that CSI enhancement can provide significant performance gain of the 5%-tile UPT in the case where UE perfectly knows interference condition at the subframe where CSI-IM is configured.

Observation 1:

- CSI enhancement can provide significant performance gain under the assumption that UE perfectly knows interference condition at CSI calculation stage.

Proposal 1: 

- CSI enhancement should be considered to harvest NAICS gain.

In this simulation, we assume interference condition at CSI calculation stage is given to the UE in a genie-aided manner. However, as we discussed in section 2, it is hard to guarantee BD performance for interference condition at CSI calculation stage. Thus, further study is needed on the impact of wrong detection of interference condition when calculating enhanced CSI and BD feasibility at CSI calculation stage.
Proposal 2: 
- Further study is needed on BD feasibility at CSI calculation stage, separately from BD feasibility at demodulation stage, and the impact of wrong detection of interference condition when calculating enhanced CSI.
______________________________________________________________________
4. Conclusion
In this contribution, we discussed the CSI enhancement to capture the effect canceling dominant interference. Based on the discussion and evaluation results, we have the following observation and proposals.
Observation 1:

- CSI enhancement can provide significant performance gain under the assumption that UE perfectly knows interference condition at CSI calculation stage.

Proposal 1: 
- CSI enhancement should be considered to harvest NAICS gain.

Proposal 2: 
- Further study is needed on BD feasibility at CSI calculation stage, separately from BD feasibility at demodulation stage, and the impact of wrong detection of interference condition when calculating enhanced CSI.
______________________________________________________________________
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Appendix A: Simulation Parameters and Assumptions
	Parameter
	Value

	Cellular layout
	3-sectorized Hexagonal grid with 19 cells wrap-around

	System frequency
	2 GHz carrier, 10 MHz bandwidth

	Indoor/outdoor UE ratio
	80% indoor UE, 20% outdoor UE

	Traffic model
	FTP model 1, 0.5 Mbyte file size

	Scheduling algorithm
	Proportional Fair

	Transmission mode
	Transmission mode 10 with SU -MIMO

	Channel quality report
	Mode 1-1: Wideband PMI per 50 RBs, Wideband CQI per 50 RBs
5ms CSI reports periodicity,
5ms delay total (measurement in subframe n is used in subframe n+5)
MCSs based on LTE transport formats [36.213]
Rel-8 2-tx codebook

	Antenna configuration
	2x2 antenna 

(# of Tx Ant. at eNB) x (# of Rx Ant. at UE)

eNB: Cross-polarized antennas, 0.5 wavelengths separation
UE: Cross-polarized antennas

	Control channel and
 reference signal overhead 
	4 OFDM symbols per RB
- PDCCH overhead: 20RE/RB

- DM-RS overhead: 12RE/RB
- CRS overhead: 16RE/RB

	Downlink transmitter/receiver type
	MMSE-IRC / SLIC

	Hybrid ARQ
	Incremental Redundancy (IR), Maximum four transmissions,

Initial transmission target FER: 10%

	Hybrid ARQ round trip delay for UE
	8 subframes (8 ms)

	Channel Estimation
	Non Ideal

	Feedback and control channel errors
	Ideal
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