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Introduction
In order to increase the role of the receiver a study item for Network-Assisted Interference Cancellation and Suppression (NAICS) for LTE [1] was approved in which envisions further enhancement in system throughput by providing network assistance for interference reduction. The study item includes:
· Identify reference IS/IC receivers with and without network assistance, and evaluate their performance/complexity trade-off and implementation feasibility  
· Analyze complexity and feasibility of basic receiver structures 
· Receiver structures based on linear MMSE IRC, successive interference cancellation, and maximal likelihood detection are considered as a starting point for reference IS/IC receivers
· Work can be conducted in parallel to step-1

In this contribution, we evaluate the performance of the MMSE-IRC receiver for NAICS SI. We show that the performance of the MMSE-IRC receiver without any additional signalling can be improved when transmitters coordinate in their transmission. 
MMSE-IRC Receiver for NAICS
Specifying advanced receiver UE performance requirements in RAN4 is a first step towards increasing the receiver role in the system design. However, the Rel-11 advanced receiver has been envisioned to operate with no aid from network perspective. Hence, further enhancements to inter-cell interference mitigation at the receiver side could be achieved by increasing the degree of co-operation between the transmitter and the receiver. For example, the variations in interference structure due to per PRB scheduling decisions, transmission schemes etc., might require additional tools in order to enable more efficient interference estimation.

In [2], we elaborated on a new framework for NAICS. Based on that framework, in this section, we evaluate the performance of the MMSEI-IRC receiver which was extensively studied for Release 11. We show that even for the current MMSE-IRC receiver, the serving and interfering transmitters may collaborate in their scheduling and may optimize their transmission schemes for better interference cancellation and suppression. 

In many simulations for MMSE-IRC evaluations in [3], it has been shown that based on different interference conditions, with different network parameters, the performance gain of MMSE-IRC receiver over MMSE baseline receiver is ranging from slightly negative numbers to a few multiples of tens. Very few combinations of TMs of interfered and interfering users allow for meaningful interference suppression processing at the interfered user receiver. Applying interference suppression for undesired combination of TMs can lead to limited performance gains as compared to non-interference suppression processing (baseline receiver). Based on the simulation results in [3], it is apparent that the performance gains from interference suppression receiver at the UE are substantially larger for specific TM combinations with specific network parameters under different interference conditions.
Simulation Results
In the following, the performance of a UE in different interference scenarios is evaluated with MMSE-IRC receiver for NAICS. The simulation assumptions are listed in the Annex A. We have used the same simulation assumptions which were discussed for MMSEI-IRC evaluations. We have considered two scenarios in which serving base station is in modes TM2 and TM6. There are two interfering base stations but with different transmission modes according to Table 1 in Annex A.

In Figure 1, in two different MCS values, the performance of the MMSE-IRC receiver is evaluated compared to MMSE receiver. In scenario 1, the serving base station is transmitting TM2 with parameters specified in Table 1. The difference between two scenarios 1 is the transmission modes of the interfering base stations. In Scenario 1a, the interfering base stations are transmitting in TM8 with one layer. However, scenario 1b is the same as the scenario 1-1 in MMSE-IRC evaluations. In both scenarios, the performance of the MMSE decoding is the same, as expected. However, we can see that in scenario 1a the MMSE-IRC improvement is much bigger than MMSE-IRC improvement in scenario 1b. This suggests that with some coordination between transmitters, even the MMSE-IRC can benefit in NAICS. 

In Figure 2, we can see the same trend, in which in two different MCS values, the performance of the MMSE-IRC receiver is evaluated compared to MMSE receiver. In scenario 2, the serving base station is transmitting TM6 with parameters specified in Table 1. The difference between two scenarios 2 is the transmission modes of the interfering base stations. In Scenario 2a, the interfering base stations are transmitting in TM8 with one layer. However, scenario 2b is the same as the scenario 1-2 in MMSE-IRC evaluations. In both scenarios, the performance of the MMSE decoding is the same, as expected. However, we can see that in scenario 2a the MMSE-IRC improvement is much bigger than MMSE-IRC improvement in scenario 2b. This suggests that with some coordination between transmitters, even the MMSE-IRC can benefit in NAICS.

Proposal 1 - Release 12 network assisted interference mitigation methods should include more advanced network-oriented features to manage the interference, including transmitter to transmitter collaboration and transmitter to receiver collaboration.
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[bookmark: _Ref356222958][bookmark: _GoBack]Figure 2: MMSE-IRC performance with TM6 serving transmitter & different interfering signals
Network Assisted Interference Suppression Framework
In order to enable enhanced interference suppression capability for Release 12, this study item [1] proposes to provide additional assistance for the receiver, increase the collaboration between transmitters for providing assistance to UEs, and utilize more collaboration between transmitters and the receivers.

The current ABS framework in eICIC or reduced power ABS in FeICIC can be extended to enable an interference coordination (IC) time or frequency zone which can be coordinated within the transmitter cluster. The existing signalling of the ABS framework can be extended to enable, disable, and schedule the IC time/frequency zone, coordinate transmission parameters for the IC time/frequency zone, and signal the IC time/frequency zone to the UE. The coordination includes controlled transmission by transmitters (rather than ABS) to optimize interference reduction among different nodes. This may include power setting, parameter optimization, joint scheduling, and etc. The coordination can be enabled by efficient interference listening among transmitters or by feedback from users.
Proposal 2 – The release 10 and 11 eICIC and FeICIC framework can be extended to enable interference cancellation and suppression with advanced receivers.
Conclusion
Proposal 1 - Release 12 network assisted interference mitigation methods should include more advanced network-oriented features to manage the interference, including transmitter to transmitter collaboration and transmitter to receiver collaboration.
Proposal 4 – The release 10 and 11 eICIC and FeICIC framework can be extended to enable interference cancellation and suppression with advanced receivers.
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Annex A – Simulation Assumptions
[bookmark: _Ref356221749]Table 1: Simulation Assumptions
	Parameter
	Scenario 1a 
	Scenario 1b
	Scenario 2a             
	Scenario 2b

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode in serving cell
	TM2
	TM2
	TM6
	TM6

	Transmission mode in interfering cells
	TM3
	TM8 (one layer)
	TM4
	TM8 (one layer)

	MIMO configuration
	2x2, low correlation

	Channel model and Doppler frequency 
	EVA5 (also higher velocities can be considered in additions)
Use different channel seed for between cells

	Number of interfering cells
	2 

	Geometry
	[-6:2:6]

	DIP values
	At G=-2.5dB: DIP1= -1.73dB and DIP2=-8.66dB

	CRS configuration
	2 CRS ports with planning (non-colliding)

	MCS for target signal
	7 & 12

	PMI for target signal
	N/A
	N/A
	Follow wideband PMI
	Follow wideband PMI

	HARQ
	8 HARQ processes and max 4 transmissions

	Feedback periodicity for target signal
	Feedback periodicity: 5 msec
Feedback delay: 8 msec

	PMI granularity and rank of interfering signals (% of rank-1 and % of rank-2)
	Randomly changing per sub-band from subframe to subframe as baseline.
Frequency granularity is 6 PRBs

	
	80% rank-1,20% rank-2
	100% rank-1
	80% rank-1,20% rank-2
	100% rank-1

	Modulation in interfering cells
	Fixed modulation order: 16QAM

	PCFICH
	CFI = 2

	Resource allocation
	11 PRBs 

	Cyclic prefix
	Normal

	Simulation length
	1000 sub-frames at minimum
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