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1Introduction
In RAN#63, an LTE Release 12 work item on Network-Assisted Interference Cancellation and Suppression (NAICS) was approved [1]. One of the objectives of the NAICS WI is to identify CSI enhancements required to support NAICS receivers such as ML/R-ML and SLIC:

· Investigate CSI enhancements for NAICS receivers; if necessary specify the identified enhancements

In RAN1#77 meeting the following agreement has been made for CSI enhancements of NAICS receivers:

· No RAN2 impact by NAICS CSI enhancement
In this contribution we provide our views on the possible enhancement for CQI.

2 Discussion
Most of the evaluation results provided during NAICS study item phase assume CQI feedback based on the MMSE‑IRC receiver [2]. In this case the CQI reports provided by the UE doesn’t reflect the NAICS receiver capability and, therefore, lead to more pessimistic selection of the MCS at the NB than UE can actually handle. In spite of such CQI mismatch, the system-level gains for NAICS receiver were observed and have been mainly achieved due outer-loop link adaptation at the eNB. It should be noted that outer-loop link adaptation implies relatively slow convergence of the selected MCS to the target value and, hence, may not guarantee the NAICS performance gains for all cases (e.g., for the smaller packets sizes than currently assumed in the NAICS evaluations). Therefore, in order to ensure more robust NAICS performance, it is desirable to consider some enhancements to CQI reporting mechanisms for LTE-A specification. 
Overview of the CQI definition

In accordance to CQI definition in Section 7.2.3 of TS 36.213, UE is required to provide the highest CQI index that would result in PDSCH transport block transmission with BLER of 10%:
Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the condition:

· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1. 

The CQI definition above implies that the reported CQI index should include all UE receiver processing capabilities, including NAICS capability to cancel and suppress interference on the CSI reference resource. While for intra-cell interference (SU‑MIMO) the CQI requirements for NAICS can be easily fulfilled (due to knowledge of the interfering signal parameters), the accurate reporting of CQI for inter-cell interference NAICS receiver becomes more problematic. 
Issues for CQI for inter-cell interference NAICS receiver 
Issue#1 – number of available REs for interfering signal parameter estimation
In a typical UE implementation the inter-cell interference for CQI are measured on the serving cell CRS in TM1-9 or CSI-IM in TM10 REs of the CSI reference resource. In addition, for CRS based transmission modes the interference measurement on serving cell CRS are also used for PDSCH demodulation. In principle, CRS and CSI-IM based approach for interference measurements for CSI can be also considered for NAICS receivers. However, the lack of the available REs within a PRB pair could make reliable estimation of the inter-cell interfering signal parameters (e.g. interference presence, modulation order, PMI, Pa, etc.) required for NAICS receiver more problematic. More specifically, for NAICS receiver feasibility study, RAN4 assumes that receiver has a PRB pair, which roughly gives more than 100 REs for blind estimation of interfering signal parameters. At the same time for CQI feedback in TM 1-9 the REs available for parameter estimation would be limited to 12 REs per PRB pair when CRS are used and for TM10 to 4 REs per PRB pair when CSI-IM is used. Potentially the number of the REs for interference estimation in CSI could be increased; however such enhancements (without significant performance loss due to additional overhead) might be feasible for TM10 only and may require RAN2 specification changes. 
Issue#2 – interference measurements in the collided CRS scenario
For TM1-9 in collided CRS configuration for serving and interfering cells (which is the most preferable scenario for NAICS receiver operation) the interference measured on serving cell CRS captures interference from CRS of interfering cells instead of PDSCH. In this case, the interfering signal parameter estimation required for NAICS receiver is not feasible. 

CQI handling for NAICS receivers
Based on the discussion above CQI reporting for NAICS receiver using the conventional approaches for measuring interference on CRS and CSI-IM is challenging, except for the case when CSI reference resource fully overlaps with PDSCH resource allocation. More specifically, if overlap occurs during PDSCH reception, NAICS receiver would be able to estimate the parameters of interfering signals (e.g. interference presence, PMI, modulation, etc.) during PDSCH demodulation and calculate the effective SINR using estimated parameters more accurately than using interference on serving cell CRS and MMSE-IRC receiver. In other cases (e.g. when PDSCH is not available), effective SINR calculation should be fallback to conventional interference measurements using serving cell CRS and MMSE-IRC receiver, which doesn’t require NAICS higher layer signalling assistance. It should be noted that such approach is not applicable for TM10, where UE is required to conduct interference measurements on CSI-IM resources. Such relaxation in CQI calculation procedure for NAICS processing should be defined in TS 36.213 as follows:
Proposal: 

· UE is not required to use NAICS higher layer signaling to derive CQI, except in transmission modes 1-9, when CSI reference resource fully overlaps with the scheduled PDSCH. 

3 Evaluation results

System-level evaluation of ML/R-ML receiver in TM9 has been carried out for NAICS Scenario 1. In the evaluations the most interesting scenario of fully collided CRS from all cells was assumed. 
The following CSI calculation methodologies were considered in the evaluations:
· Interference measurements using serving cell CRS
· Interference measurements using serving cell CRS with CRS-IC from up to two the strongest interfering cells
· Interference measurements using PDSCH and serving cell CRS when PDSCH is not available
For PDSCH approach genie-aided knowledge of the parameters of the interfering signal is assumed for CQI calculation. For CRS based approaches MMSE-IRC assumption was used for CQI calculation. R-ML/ML processing including CRS-IC has been applied for up to 2 interfering cells which has RSRP difference not more than 9 dB comparing to the RSRP of the serving cell. The other simulation assumptions are provided in the Appendix.
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Figure 1. System-level user throughput of ML/R-ML receivers in TM9, NAICS scenario 1 
(different colours corresponds to different traffic loads) 

System-level results of user throughput for the considered ML/R-ML receiver are presented in Figure 1 with different traffic loadings of the cells and different interference measurements approaches for CSI. The cell-edge and average user throughput results are provided in Table 1. Based on the simulation results, it can be observed that PDSCH-based approach for CSI calculation provides the best performance comparing to CRS-based approaches. The performance gap, however, reduces when the loading of the cells increases. This can be explained by the fact that CRS-based interference measurements in the collided CRS scenario has less discrepancy to interference with fully loaded network. Obviously, such interference measurement becomes more accurate for higher loadings of the cells. We also note that for lower traffic loads CRS-based approach with CRS IC provides performance improvement comparing to CRS-based approach without CRS IC. However, for the most interesting scenario of high traffic loads CRS-based approach with CRS IC causes performance degradation comparing to CRS-based approach without CRS IC. This is due to different cancellation efficiencies of CRS IC receiver (which is used in CSI to approximate interference cancelation on PDSCH) and the actual cancellation efficiency of NAICS receivers for PDSCH. 

Table 1. User throughput for ML/R-ML receivers in TM9, NAICS scenario 1, PRB bundling

	Offered load, Mbps
	Interference measurements for CSI
	2 interfering cells processing

	
	
	Cell-edge UE SE, bps/Hz
	Average UE SE, bps/Hz

	4.2
	CRS based 
	0.246 (0.0%)
	1.390 (0.0%)

	
	CRS based, CRS-IC
	0.276 (12.2%)
	1.622 (16.7%)

	
	PDSCH based
	0.394 (60.2%)
	1.967 (41.5%)

	5.2
	CRS based 
	0.169 (0.0%)
	1.187 (0.0%)

	
	CRS based, CRS-IC
	0.171 (1.2%)
	1.251 (5.4%)

	
	PDSCH based
	0.251 (48.5%)
	1.646 (38.7%)

	6.3
	CRS based 
	0.125 (0.0%)
	1.035 (0.0%)

	
	CRS based, CRS-IC
	0.115 (-8.0%)
	1.062 (2.6%)

	
	PDSCH based
	0.175 (40.0%)
	1.369 (32.3%)

	7.3
	CRS based 
	0.099 (0.0%)
	0.894 (0.0%)

	
	CRS based, CRS-IC
	0.089 (-10.1%)
	0.910 (1.8%)

	
	PDSCH based
	0.127 (28.3%)
	1.143 (27.9%)

	8.4
	CRS based 
	0.074 (0.0%)
	0.772 (0.0%)

	
	CRS based, CRS-IC
	0.065 (-12.2%)
	0.763 (-1.2%)

	
	PDSCH based
	0.088 (18.9%)
	0.973 (26.0%)


4 Summary

In this contribution we have discussed possible enhancements for CQI reporting of the NAICS receiver. It has been observed that it is difficult to use the existing interference measurements to provide CQI report for NAICS receivers, except for transmission mode 1-9 when CSI reference resource fully overlaps with the scheduled PDSCH. By system-level simulations it has been shown that the proposed approach significantly outperforms CSI corresponding to MMSE-IRC receiver. Based on the discussion, the following proposal has been made: 
Proposal: 

· UE is not required to use NAICS higher layer signaling to derive CQI, except in transmission modes 1-9, when CSI reference resource fully overlaps with the scheduled PDSCH. 
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Appendix

Simulation assumptions

Table 2. System-level simulation parameters
	Parameter
	Assumption

	Scenarios
	NAICS 1, 20% outdoor, 80% indoor

	Cell layout
	19 macro sites, 3 macro cells per site

	Inter-site distance
	500m

	Propagation model
	ITU UMa channel model

	UE speed
	3 kmph

	Antenna pattern
	Macro 3D tilt = 12°

	Downlink transmit power
	Macro 41 dBm

	BS antenna configuration
	2 TX cross-polarized

	UE antenna configuration
	2 RX cross-polarized

	Carrier frequency
	2.4 GHz

	Scheduler
	Proportional fair in freq./time

	MIMO mode
	TM9 SU-MIMO, rank 1-2

	CRS planning
	Collided CRS

	Outer loop link adaptation
	Target BLER = 10%

	Channel and interference covariance matrix estimation
	Non ideal, UE-specific RS with PRB bundling and IC

	CQI feedabck delay
	10 msec

	Aver. CQI / PMI in frequency 
	5 PRBs

	Aver. CQI / PMI in time
	1 subframe

	Overhead
	2 CRS, 2 DM-RS, CFI = 3

	Traffic model
	FTP traffic model 1, S = 0.5Mbytes
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