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1Introduction
In RAN#59, an LTE Release 12 study item on Network-Assisted Interference Cancellation and Suppression was approved [1]. The first objective of this SI is identification of the advanced receiver structures that can be used for co-channel interference mitigation. The second objective of the SI is evaluation whether network signalling assistance about parameters of interfering signals is required for the identified receivers. In this contribution we provide our views on the second objective of the SI and compare the performance of ML/R-ML receivers with and without network dynamic signalling assistance for TM9.
2 Parameter estimation for interfering signals 

Various candidate receiver types (linear and non-linear), where identified by RAN4 for the link-level evaluations. In addition based on phase-1 simulation results some of the receivers were identified as the most promising in terms of the expected performance gains and feasibility for the practical implementation. More specifically recent RAN4 results show that nonlinear receivers such as ML/R-ML, SLIC, and CWIC can provide the performance benefits over the baseline LMMSE-IRC in some cases [2]. Since implementation of CWIC receiver for inter-cell interference mitigation is not feasible without network signaling assistance, in this contribution we focus on the comparison of ML/R-ML receivers in TM9 operating with and without network dynamic signalling assistance.
Channel estimation using UE-specific RS
In TM9 the channel estimation for PDSCH demodulation is based on UE-specific RS (AP {7-14}). Since the channel estimation processing gain for UE-specific RS is limited (due to per PRB pair channel estimation and non-orthogonal UE-specific RS between two cells) a reliable channel estimation of serving and interfering channels in TM9 might be not feasible, when conventional channel estimation procedures without IC is considered. Therefore, for efficient operation of NAICS receivers a more complex (but more efficient) iterative UE-specific RS IC channel estimation algorithm was used. As a part of channel estimation the residual interference covariance matrix for the remaining non dominant interfering cells (not part of NAICS receiver processing) is also obtained after subtraction of all reconstructed UE-specific RS from the received signal. It is used for the pre-whitening of the received signal, PDSCH interference detection and in the modulation classification algorithms. It should be noted that the performance of channel estimation for NAICS receiver is improved if PRB bundling assumption on scheduling and precoding at the interfering cell is considered.
Detection of PDSCH interference
Depending on the traffic conditions the interfering cell may or may not transmit PDSCH on a given PRB pair. Therefore PDSCH interference should be detected to assist NAICS receiver processing. Since UE-specific RS are transmitted only when PDSCH is present, the presence of UE-specific RS may be used for detection of TM9 PDSCH interference. The UE-specific RS detection can be accomplished by running UE-specific RS channel estimation algorithm with IC under different assumptions of interfering UE-specific antenna ports (e.g. AP {7,8} and nSCID = {0,1}). The interfering UE-specific RS is declared as detected; when the received power of UE-specific RS normalized by the residual noise power within a PRB pair exceed certain threshold. In the evaluations this threshold was set to 8 dB. The complexity of per PRB pair UE-specific RS detection becomes high, when two interfering cells is considered. Therefore, for practical implementation of blind ML/R-ML receiver without dynamic network signalling assistance, PDSCH interference detection for a limited number of cells was considered.
Note that similar to the channel estimation, the performance of UE-specific RS detection can be improved, when the scheduling granularity on in the interfering cell is reduced from a single PRB pair to RBG. However such scheduling restrictions could introduce the performance losses when traffic with small packet sizes is considered.
Modulation classification
ML/R-ML receiver requires knowledge of interfering modulations. The modulations can be classified by running the ML/R-ML receiver over several set REs under different assumptions about modulations on interfering links. The modulation combination, which minimizes the likelihood function, is selected as modulation on interfering layer(s)
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 are signals on serving and interfering links (for the sake of example we consider processing for three layers), 
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 is a received signal vector on the l-th RE,
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 is a joint channel transfer function for serving and interfering layers on the l-th RE, 
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 is joint signal for serving and interfering layers on the l-th RE, Nsc is a number of REs used for modulation classification, 
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 is noise plus interference power from non-dominant interfering links. The complexity of such modulation classification algorithm becomes high, when classification of two interfering layers is considered (9 modulation combinations). Therefore, for practical implementation of blind ML/R-ML receiver without dynamic network signalling assistance, modulation estimation on a single interfering layer may be considered.
It should be noted that the modulation classification algorithm above is based on the max-log approximation, where only dominant term in the ML expression is considered. In this case the modulation estimation is expected to be biased towards the low order modulation, since the ignored contribution from non-dominant terms in the ML expression becomes larger for higher order modulation. The impact can be reduced by considering modulation classification in the PRB pairs with high INRs. Alternatively some average de-biasing factor that can be dependent on long-term parameters (such as SNR, INR and modulation on interfering layer) can be added, however this approach was not considered in the evaluations.
3 Performance evaluation of ML/R-ML receivers
To compare the performance of ML/R-ML receiver with and without signalling assistance a system-level evaluations of NAICS scenario 1 was carried out in non-full buffer traffic model with different cell loadings. In the evaluations two types of semi-blind ML/R-ML receivers were considered: 
· ML/R-ML receiver with modulation classification and dynamic signalling of TM9 PDSCH interference presence
· ML/R-ML receiver with modulation classification and TM9 PDSCH interference detection using UE-specific RS (i.e. without dynamic signalling assistance)
The results of these ML/R-ML receivers were compared with performance of genie-aided ML/R-ML receiver with perfect knowledge of TM9 PDSCH interference presence on each bounded set of PRB pairs and modulation scheme on each interfering layer of up to two dominant interfering cells. For all considered receiver types it was assumed that PB (0dB), time/frequency offset (0 µs, 0 Hz), and PDSCH REs mapping on interfering cell is perfectly known at the UE. 
Due to potential high complexity of the receiver, the modulation classification and detection of TM9 PDSCH interference presence for blind ML/R-ML receiver was considered for single interfering layer and up to two interfering cells. However for non-blind ML/R-ML receiver with dynamic signalling assistance the presence of TM9 PDSCH interference and modulation was assumed to be known on two layers of up two dominant interfering cells. In UE-specific RS channel estimation and PDSCH interference detection, a PRB bundling for scheduling and precoding was assumed at both serving and interfering cells.
The summary of the system level gains of the considered ML/R-ML receivers is presented in Figure 1 for different loading of the cells. The more detailed cell-edge and average user throughput results are provided in Table 1 and Figure 2.
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Figure 1. System-level gains of ML/R-ML receivers in TM9, NAICS scenario 1 
It can be seen from Table 1 that under considered assumptions of interfering layer processing, perfect knowledge of PDSCH presence and modulation on all layers of two dominant interfering cells can provide performance improvement comparing to blind ML/R-ML receiver without dynamic signalling assistance. It should be noted that the knowledge of TM9 PDSCH interference presence not only improves interference suppression from PDSCH, but also enhance channel estimation efficiency due to UE-specific RS IC from larger number of layers/cells.
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Figure 2. System-level user throughput of ML/R-ML receivers in TM9, NAICS scenario 1 

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

	Offered load, Mbps
	Receivers
	1 interfering cell processing
	2 interfering cells processing

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

	4.2
	Baseline 
	0.372 (0.0%)
	1.93 (0.0%)
	0.372 (0.0%)
	1.93 (0.0%)

	
	Genie ML
	0.406 (9.1%)
	2.00 (3.9%)
	0.428 (15.1%)
	2.07 (7.3%)

	
	Mod. Detect ML
	0.395 (6.2%)
	1.98 (2.9%)
	0.416 (11.8%)
	2.02 (4.7%)

	
	Mod./DMRS Detect ML
	0.395 (6.2%)
	1.98 (2.6%)
	0.404 (8.6%)
	2.01 (4.0%)

	5.2
	Baseline
	0.245 (0.0%)
	1.61 (0.0%)
	0.245 (0.0%)
	1.61 (0.0%)

	
	Genie ML
	0.265 (8.2%)
	1.71 (5.9%)
	0.283 (15.5%)
	1.77 (9.7%)

	
	Mod. Detect ML
	0.259 (5.7%)
	1.68 (4.4%)
	0.272 (11.0%)
	1.73 (7.4%)

	
	Mod./DMRS Detect ML
	0.25 (2.0%)
	1.66 (3.3%)
	0.256 (4.5%)
	1.71 (6.1%)

	6.3
	Baseline
	0.175 (0.0%)
	1.31 (0.0%)
	0.175 (0.0%)
	1.31 (0.0%)

	
	Genie ML
	0.198 (13.1%)
	1.45 (10.2%)
	0.219 (25.1%)
	1.53 (16.2%)

	
	Mod. Detect ML
	0.195 (11.4%)
	1.42 (8.1%)
	0.206 (17.7%)
	1.47 (11.7%)

	
	Mod./DMRS Detect ML
	0.185 (5.7%)
	1.38 (5.5%)
	0.194 (10.9%)
	1.44 (9.9%)

	7.3
	Baseline
	0.12 (0.0%)
	1.09 (0.0%)
	0.12 (0.0%)
	1.09 (0.0%)

	
	Genie ML
	0.142 (18.3%)
	1.22 (11.7%)
	0.15 (25.0%)
	1.28 (17.1%)

	
	Mod. Detect ML
	0.136 (13.3%)
	1.18 (8.5%)
	0.145 (20.8%)
	1.22 (11.4%)

	
	Mod./DMRS Detect ML
	0.13 (8.3%)
	1.16 (6.0%)
	0.133 (10.8%)
	1.19 (8.9%)

	8.4
	Baseline
	0.082 (0.0%)
	0.91 (0.0%)
	0.082 (0.0%)
	0.91 (0.0%)

	
	Genie ML
	0.097 (18.3%)
	1.03 (13.5%)
	0.106 (29.3%)
	1.10 (21.3%)

	
	Mod. Detect ML
	0.097 (18.3%)
	1.01 (11.6%)
	0.1 (22.0%)
	1.06 (16.5%)

	
	Mod./DMRS Detect ML
	0.088 (7.3%)
	0.97 (6.8%)
	0.095 (15.9%)
	1.02 (12.1%)


4 Summary

In this contribution we have compared performance ML/R-ML receivers in TM9 with and without network signalling assistance. Two types of ML/R-ML receiver were evaluated with modulation classification only and modulation classification and detection of TM9 PDSCH interference. Due to potential high complexity of the receiver, the modulation classification and detection of TM9 PDSCH interference presence for blind ML/R-ML receiver was considered for single layer of one or two interfering cells. However for non-blind ML/R-ML receiver the presence of TM9 PDSCH interference and modulation was assumed to be known on two layers of two dominant cells. Under this assumptions, it has been found that dynamic network signalling of TM9 PDSCH interference presence and signalling of modulation on interfering layers can improve the performance and reduce complexity of ML/R-ML receiver without consideration of the signalling overhead.
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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
	Collidided 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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