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1 Introduction
In 3GPP RAN1#75 meeting, the following transmission parameters which can be considered for network assistance signalling or blind detection were agreed to be captured in TR 36.866 on NAICS [1]:
· Parameters that are higher-layer configured per the current specifications (e.g., TM, cell ID, MBSFN subframes, CRS antenna ports, PA, PB)
· Parameters that are dynamically signalled per the current specifications (e.g., CFI, PMI, RI, MCS, resource allocation, DMRS ports, VCID used in TM10)
· Other deployment related parameters (e.g., synchronization, CP, subframe/slot alignment)
It was further clarified in the TR that 

· Assistance signalling can be different from the above transmission parameters
· Such assistance signalling may use higher layers regardless of whether the associated transmission parameter is higher-layer configured or dynamic
In this contribution, we discuss how network assistance signalling of transmission parameters for symbol-level (SL) ML receiver impacts on the system performance.
2 Discussion on Network Assistance Signalling
In the Release 11 FeICIC work item, a non-linear interference cancellation receiver that mitigates strong CRS/PSS/SSS/PBCH interference was observed to provide significant gain over linear receivers. The specification support in this case was the introduction of downlink RRC signalling to notify the UE of the parameters related to the CRS of the dominant interferer. The RRC signalling includes the following information on the dominant CRS interferer:

· Number of CRS ports

· Frequency offset of CRS (v_shift)

· MBSFN configuration

Utilizing the information on the dominant CRS interferer, the UE would be able to effectively cancel out or suppress the indicated CRS interference. In concept, NAICS is quite similar to the above approach of CRS interference mitigation. The major difference for NAICS is that the interference mitigation is now targeted not only for interfering CRS but also for interfering PDSCH. In other words, in order to mitigate the PDSCH interference, the UE would require access to the parameters of such interfering PDSCHs. 
The interfering PDSCH parameters that need to be conveyed to the UE would be dependent on the type of receiver involved. For example, in case of SL ML receiver [2] where log-likelihood ration (LLR) is calculated assuming the existence of random interference having a discrete constellation (QPSK, 16QAM, 64QAM, etc), the following parameters in addition to those for FeICIC would be beneficial:
· Modulation order of the interfering PDSCH
· Information on estimating the interference channel
· For CRS based TMs
· PA, PB, RI, and PMI

· For DMRS based TMs

· PB, DMRS ports, nSCID, VCID (for TM10)
Evaluation results in [2] and [3] show that SM ML receiver based on the network assistance signalling can provide 15%-32% system performance gain in terms of 5%-tile and 50%-tile user perceived throughput (UPT) for medium-to-high RU and 10 ms backhaul latency. In these evaluations, the performance gains for SM ML receiver were obtained compared to the baseline receiver which was assumed to be MMSE-IRC.  
An alternative to providing signalling as described above would be to rely on blind detection. The benefit of such an approach would be that specification impact is minimized but the downfall would be that additional UE complexity is required and the performance of advanced receivers is subject to detection errors. Addressing the concern of how detection errors might impact the performance, Table 1 and Table 2 compares the performances of the following three types of SL ML receiver:

· Genie-aided SL ML receiver
· SL ML receiver with RI, PMI and MO (modulation order) blind detection with knowledge of PA and PB, to evaluate the performance loss caused by RI, PMI and MF blind detection
· R-ML receiver with RI, PMI and MO and EPRE Parameter PA and PB blind detection, to evaluate the additional performance loss caused by EPRE Parameter PA and PB blind detection
The performances are evaluated under the following assumptions:
· TM 4 for both serving cell and interference cell

· CRS information (FeICIC parameters) is provided via RRC signalling
· Interference profiles: (1) INR1 = 7.77dB, INR2 = 2.29dB; (2) INR1 = 13.91dB, INR2 = 3.34dB
The all throughput performance curves and detailed simulation assumptions corresponding to the results in Table 1 and 2 are provided in Annex.
Table 1: Performance Gain under INR1 = 7.77dB, INR2 = 2.29dB
	Interference cell RI
	Interference cell MCS
	Serving cell RI
	Serving cell MCS
	SNR Gain @ 70% Throughput [dB] v.s. MMSE-IRC Receiver

	
	
	
	
	SL ML with 
Full Network Information
	SL ML with RI/PMI/MO 
Blind Detection
	SL ML with RI/PMI/MF/PA/PB
Blind Detection

	1
	5
	1
	{5}
	4.9
	4.5
	3.3

	
	
	
	{14}
	3.7
	3.2
	1.7

	1
	14
	1
	{5}
	3.3
	2.6
	1.3

	
	
	
	{14}
	2.3
	1.3
	0.3

	2
	5
	1
	{5}
	3.1
	2.1
	0.7

	
	
	
	{14}
	1.5
	0.6
	-0.5

	2
	14
	1
	{5}
	1.2
	0.1
	-1.0

	
	
	
	{14}
	0.3
	-0.3
	-1.3

	Average Gain v.s. MMSE-IRC Receiver
	2.5 
	1.8 
	0.6


Table 2: Performance Gain under INR1 = 13.91dB, INR2 = 3.34dB
	Interference cell RI
	Interference cell MCS
	Serving cell RI
	Serving cell MCS
	SNR Gain @ 70% Throughput [dB] v.s. MMSE-IRC Receiver

	
	
	
	
	SL ML with 
Full Network Information
	SL ML with RI/PMI/MF 
Blind Detection
	SL ML with RI/PMI/MF/PA/PB
Blind Detection

	1
	5
	1
	{5}
	8.4
	8.2
	7.8

	
	
	
	{14}
	8.8
	8.5
	4.1

	1
	14
	1
	{5}
	7.3
	6.9
	6.1

	
	
	
	{14}
	6.6
	5.7
	2.8

	2
	5
	1
	{5}
	7.8
	7.4
	6.9

	
	
	
	{14}
	6.5
	5.4
	2.1

	2
	14
	1
	{5}
	3.6
	2.4
	1.2

	
	
	
	{14}
	0.9
	0.3
	-0.4

	Average Gain v.s. MMSE-IRC Receiver
	6.2 
	5.6 
	3.8


Based on the evaluation results in Table 1 and Table 2, it is observed that
· For SL ML receiver with RI/PMI/MO blind detection with knowledge of PA/PB
· Compared with genie-aided R-ML receiver, the performance loss is typically less than 1.0dB
· Compared with genie-aided R-ML receiver, the average performance loss is 0.7dB and 0.6dB for two interference level correspondingly. And the maximum performance loss is 1.2dB
· Compared with MMSE-IRC receiver, it still provides promising performance gain of 1.8 and 5.6 dB, respectively for two interference profiles
· For SL ML receiver with RI/PMI/MO/ PA/PB blind detection
· Compared with the case of network assistance, joint RI/PMI/MO/PA/PB blind detection causes a significant performance loss. The average performance loss is 1.9dB and 2.4dB for two interference level of Table 1 and Table 2, respectively. The maximum performance loss is 4.4dB
· Compared with MMSE-IRC receiver, there are some cases where joint RI/PMI/MO/PA/PB blind detection causes performance losses up to -1.3dB under low interference level cases.
Based on the above analysis, it is proposed that

Proposal: Network-assistance signaling for NAICS should be supported in Rel-12 to achieve system performance gains and to avoid additional UE complexity.

3 Conclusions
This contribution discussed how the network assistance signalling of transmission parameters for SL ML receiver impacts on the system performance. Based on the evaluation results, it is observed that
Observation:
· For SL ML receiver with RI/PMI/MO blind detection with knowledge of PA/PB
· Compared with genie-aided R-ML receiver, the performance loss is typically less than 1.0dB
· Compared with genie-aided R-ML receiver, the average performance loss is 0.7dB and 0.6dB for two interference level correspondingly. And the maximum performance loss is 1.2dB
· Compared with MMSE-IRC receiver, it still provides promising performance gain of 1.8 and 5.6 dB, respectively for two interference profiles
· For SL ML receiver with RI/PMI/MO/ PA/PB blind detection
· Compared with the case of network assistance, joint RI/PMI/MO/PA/PB blind detection causes a significant performance loss. The average performance loss is 1.9dB and 2.4dB for two interference level of Table 1 and Table 2, respectively. The maximum performance loss is 4.4dB
· Compared with MMSE-IRC receiver, there are some cases where joint RI/PMI/MO/PA/PB blind detection causes performance losses up to -1.3dB under low interference level cases.
Based on the observation, it is proposed that

Proposal: Network-assistance signaling for NAICS should be supported in Rel-12 to achieve system performance gains and to avoid additional UE complexity.
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Annex
The all throughput performance curves corresponding to the results in Table 1 and 2 are provided in Figure 1 to Figure 4.
· Figure 1: Performance under Rank 1 interference and INR1 = 7.77dB, INR2 = 2.29dB

· Figure 2: Performance under Rank 1 interference and INR1 = 7.77dB, INR2 = 2.29dB
· Figure 3: Performance under Rank 2 interference and INR1 = 13.91dB, INR2 = 3.34dB
· Figure 4: Performance under Rank 2 interference and INR1 = 13.91dB, INR2 = 3.34dB
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Figure 1: Performance under Rank 1 interference and INR1 = 7.77dB, INR2 = 2.29dB
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Figure 2: Performance under Rank 2 interference and INR1 = 7.77dB, INR2 = 2.29dB
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Figure 3: Performance under Rank 1 interference and INR1 = 13.91dB, INR2 = 3.34dB
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Figure 4: Performance under Rank 1 interference and INR1 = 13.91dB, INR2 = 3.34dB
Evaluation assumptions are given in Table 3.

Table 3: Simulation Assumptions
	Parameter
	Value

	System bandwidth
	10 MHz

	RB allocation
	6

	Cell ID
	[0, 6, 1]

	Transmission mode on Serving cell
	TM4

	Transmission mode on Interference cell
	TM4

	MIMO configuration
	2x2 and low correlation

	Channel model and Doppler frequency for target and interference cells
	EPA 5Hz 
Use different channel seed for between cells

	CRS configuration
	2 CRS ports. 
CRS is colliding between serving cell and interference cells

	PA
	-3dB

	PB
	0dB

	CSI-RS configuration
	None

	Channel Estimation
	CRS-IC

	PMI
	Random PMI

	H-ARQ
	8 HARQ processes

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered


