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1 Introduction
CSI enhancement for NAICS was discussed in the last RAN1 meeting for the sake of enabling CSI reporting to accurately reflect NAICS performance gain. Several options for NAICS CSI feedback were observed to be further studied until RAN1 #77 meeting as following [1]:
· 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



Ex ) CSI1 is derived after canceling/suppressing interference. CSI2 is derived after MMSE-IRC
In this contribution, we will analyze the issues of these options and provide the system level simulation results to compare the performance. Based on the analysis, we give the proposal for the necessity of the CSI enhancement.
2 Discussion on a single CSI feedback for NAICS
2.1 Interference estimation and blind detection
In order to derive CSI after canceling/suppressing interference using Rel-12 NAICS functionality, NAICS UE needs to estimate interference channel in both option 1-1 and option 1-2. Interference channel estimation based on CRS or CSI-RS of the interference cells would have the following issues to be considered: 
·     Estimation based on non-colliding CRS: The quality of the interference channel estimation would be worse due to the interference of the serving cell PDSCH.
·    Estimation based on colliding CRS: CRS-IC is needed to improve channel estimation towards both the serving and interfering cell, which is not a common processing for non-colliding CRS based estimation. This may increase UE complexity.
·    Estimation based on non ZP CSI-RS of the interfering cell, where the corresponding REs of the non ZP CSI-RS in the serving cell is configured as ZP CSI-RS: This may enhance channel estimation accuracy but the CSI-RS configuration of serving cell and interfering cell needs to be coordinated. 
IMR was introduced in Rel-11 CoMP CQI calculation to estimate interference. To reflect NAICS performance after canceling/suppressing the most dominant interference, one method is to configure the most dominant interference cell as the coordinated cell which has the same IMR configuration as the serving cell. Then the interference after cancellation could be measured at IMR to derive CSI. However, the most dominant interference cell may be changing as the interference cells transmission may be switched on or off which will complicate the coordination. Besides, the interference measurements at IMR cannot reflect residual interference caused by imperfect NAICS. Alternatively, the mixed interference of all the interfering cells is measured at IMR with only serving cell muted. NAICS UE also needs to rely on RS to get the most dominant interference channel.
Blind detection is required in option 1-2 because NAICS UE still has some problems to accurately reflect NAICS performance gain for CSI calculation after interference channel is estimated. Firstly, NAICS UE cannot know whether the interference cell is sending data or not in addition to the interference channel estimation. CSI may be derived assuming the estimated most dominant interference is cancelled or suppressed, but actually the cancelled interference may not be present. Secondly, as shown in [2], the performance of NAICS receivers, e.g., by using SLIC, is sensitive to the interference parameters (including modulation order, PMI, rank, etc), so that the interference parameters need to be taken into account for the CSI calculation to reflect the gain of NAICS receiver. The blind detection of the presence of the interference and the related parameters need to be conducted at CSI calculation stage in option 1-2. However, the blind detection at CSI calculation stage is more challenging than in demodulation stage, due to:
·   The PDSCH region in the serving cell may be scheduled for other UEs within the cell, which could not be utilized and will impact the blind detection of interference parameters at CSI calculation stage. Although it might be possible that UE performs blind detection using RS REs or IMR REs where the serving TP is muted, but it will degrade the performance significantly due to lack of available REs for blind detection.
·   The blind detection of interference parameters would be complicated, especially when it needs to blindly detect the interference across all the subbands for subband CSI measurement even if there is no data from the serving cell in some subbands. 
Observation 1: The accuracy of interference channel estimation (e.g. based on non-colliding CRS) and blind detection would be not guaranteed when CSI calculation is enhanced considering NAICS functionality. 
Considering the delay between CSI measurement and the utilization of CSI for scheduling, the estimated interference channel and parameters at CSI calculation stage would not match the interference in the scheduling subframe. Both UE and eNB do not know exactly the interference in the subframe where the reported CSI is actually used. To some extent, even if the calculation of CSI is based on perfect interference knowledge in the CSI measurement subframe(s), there would also be performance degradation when using CSI in the scheduling subframe due to the mismatched interference.
Observation 2: There is a mismatch between the interference at the CSI calculation stage and the CSI utilization subframe, i.e, scheduling subframe. The enhanced CSI calculation may not reflect the performance gain of NAICS in the scheduling subframe using the reported CSI.
2.2 System level simulation
To verify the performance of CSI enhancement, the performance gain of enhanced CSI feedback is evaluated by system level simulation. SLIC is assumed as the NAICS receiver and the proposed system level modeling methodology for SLIC in [3] is applied in the simulator. The signal transmitted from the most dominant interfering cell is assumed to be cancelled when the serving signal is rank 1.
For SILC receiver, we compare the performance of traditional CSI feedback and enhanced CSI feedback:
·    CSI after LMMSE-IRC: The traditional CSI calculation which is based on the post-processed SINR of LMMSE-IRC.
·    CSI after SLIC: The enhanced CSI calculation including the effect of the interference cancellation by SLIC. Considering the residual interference after SLIC, the post-processed SINR of the desired signal is modeled according to the methodology described in [3]. 
Note that the presence of the interference and the interference parameter including modulation order, PMI, rank are assumed to be ideally known at the SLIC receiver and CSI calculation after SLIC. For the enhanced CSI calculation, the perfect knowledge of the interference information (i.e. the presence of the interference, the interference parameter) could be obtained by ideal blind detection, which represents the upper bound performance in option 1-2. 
The CSI is calculated in one measurement subframe at the reference resource defined without CSI filtering. OLLA is applied and BLER target is 10% and colliding CRS is assumed. Simulation results corresponding to Scenario 1 with 40% and 60% RU levels are shown in Table 1 and Table 2. The detailed system simulation assumptions are provided in the Appendix.
Table 1. Simulation results for Scenario 1, 40% RU

	Receiver type
	CSI calculation
	Average UPT [Mbps]
	Average UPT gain [%]
	5% UPT [Mbps]
	5% UPT gain [%]

	SLIC
	CSI after LMMSE-IRC
	16.9416
	---
	4.6893
	---

	SLIC
	CSI after SLIC
	16.4836
	-2.70
	4.6152
	-1.58


Table 2. Simulation results for Scenario 1, 60% RU

	Receiver type
	CSI calculation
	Average UPT [Mbps]
	Average UPT gain [%]
	5% UPT [Mbps]
	5% UPT gain [%]

	SLIC
	CSI after LMMSE-IRC
	12.7388
	---
	2.9049
	---

	SLIC
	CSI after SLIC
	12.6705
	-0.54
	2.9240
	+0.66


From the results above, we observe that the enhanced CSI feedback for SLIC receiver does not provide performance gain even the interference information in the measurement subframe could be ideally known at the receiver side. The degradation of the performance or non-significant gain of enhanced CSI feedback is also observed in [4]

 REF _Ref386276046 \n \h 
[5]

 REF _Ref386276049 \n \h 
[6] when OLLA is applied. The main reason could be the mismatch between the interference at CSI calculation stage and the actual interference in the scheduling subframe. 

Observation 3: The enhanced CSI feedback including the effect of the interference cancellation by SLIC does not provide further performance gain compared to the traditional CSI feedback even the interference information is perfectly known at CSI calculation stage.
3 Discussion on Multiple CSI feedback for NAICS
Another solution is option 2 to configure multiple CSI feedback for NAICS, and for each CSI reporting different interference hypothesis is assumed. 
An alternative is NAICS UE reports multiple CSI corresponding to different advanced receivers. For example CSI1 is derived after canceling/suppressing interference. CSI2 is derived after MMSE-IRC. It is up to the eNB to determine the appropriate CSI used for scheduling corresponding to the current supported NAICS receiver. However, the CSI feedback after canceling/suppressing interference may also face the problem because of the CSI feedback delay. Due to the mismatch of the interference, the reported CSI may not reflect the actual NAICS performance gain. On the other hand, it might be difficult for eNB to know the receiver type at UE side.
Another alternative is NAICS UE reports multiple CSI assuming different modulation orders are used by the interfering signal. For example QPSK or 64QAM is assumed in each CSI process. But it might be difficult for eNB to determine which CSI would be better, given that eNB would also have no knowledge about the parameter of interference that will be transmitted by the interference cells and when the signals will be transmitted for each interference cell.

Another drawback is that multiple CSI feedback for NAICS consumes more CSI feedback overhead.

Observation 4: For multiple CSI feedback, it is difficult for eNB to determine which one among the multiple CSI reports should be used and the signaling overhead will be increased.
Based on the analysis and observations, we propose:

Proposal: Considering the limited benefit, there is no need to enhance CSI for NAICS receivers in Rel-12.
4 Conclusion 
In this contribution, the issues for the options of CSI enhancement considering NAICS functionality are discussed. System level simulation is performed to investigate the potential gain by CSI enhancement. We have the following observations:
Observation 1: The accuracy of interference channel estimation (e.g. based on non-colliding CRS) and blind detection would be not guaranteed when CSI calculation is enhanced considering NAICS functionality.
Observation 2: There is a mismatch between the interference at the CSI calculation stage and the CSI utilization subframe, i.e, scheduling subframe. The enhanced CSI calculation may not reflect the performance gain of NAICS in the scheduling subframe using the reported CSI.

Observation 3: The enhanced CSI feedback including the effect of the interference cancellation by SLIC does not provide further performance gain compared to  the traditional CSI feedback even the interference information is perfectly known at CSI calculation stage.
Observation 4: For multiple CSI feedback, it is difficult for eNB to determine which one among the multiple CSI reports should be used and the signaling overhead will be increased.
Based on the observations, we propose:
Proposal: Considering the limited benefit, there is no need to enhance CSI for NAICS receivers in Rel-12.
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Appendix
Table 3. System level simulation assumptions for SLIC

	Deployment scenario
	Scenario 1: Homogeneous network with ITU UMa

	Carrier frequency
	2 GHz

	Transmission bandwidth 
	10 MHz

	Subband bandwidth
	1.08 MHz (6 RBs)

	Antenna configuration 
	eNB: XP with 0.5 wavelength spacing; 2 Tx antennas

	
	UE: XP with 0.5 wavelength spacing; 2 Rx antennas

	UE indoor/outdoor distribution
	20% UEs are outdoor and 80% UEs are indoor

	Traffic model
	FTP traffic model with 0.5Mbyte packet size

	UE moving speed
	3 km/h

	MIMO scheme
	SU-MIMO 

	Scheduling algorithm
	Proportional fair

	Control delay (scheduling, AMC)
	5 ms

	HARQ 
	IR

	CQI/PMI feedback interval
	5 ms

	Granularity of PMI and CQI feedback
	PUSCH Mode 3-1

	Channel estimation
	Non-ideal

	TM of PDSCH 
	TM9 

	Overhead of RS and PDCCH
	PDCCH (3 symbols per subframe)

	
	DM-RS (12 REs per PRB)

	Modeling of interference outside the area
	Realistic interference assuming precoding and scheduling at other TPs

















































































































































































































































































































