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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 an ML receiver in NAICS Scenario #1 which includes Homogeneous network of macro cells only. 
Network Assistance Mechanism for Interference Cancellation
One of the scenarios agreed for evaluation in NAICS is inter-cell interference [2]:
· NAICS Scenario 1:
· Homogeneous network, macro only, ISD = 500m
· ITU UMa channel model
· Non-ideal backhaul between sites (same assumptions as for SCE SI)
· Coordination assumptions:
· Intra-site information exchange is possible
· Inter-site information exchange is subject to the backhaul latency

If the UE is aware of the interfering transmission parameters like modulation order, RB allocation, … it can utilize the information in a better interference cancellation and a better decoding performance. In the following we evaluate the performance of an ML receiver for a NAICS in scenario 1.
Decoding in NAICS Scenario 1
The system model is expressed in [3]. We assume there is only one strong interferer for the UE. Therefore, the received signal can be represented by 

		







where  is the received vector,  is the channel matrix from the eNB i to the UE, is the number of transmit antennas,  is the transmit symbol  for UE and  is the interfering signal,  is the precoding matrix which might be used for transmission for user i (the precoding matrix can be identity matrix), and is the rest of interference plus noise vector.

If the UE uses an MMSE Receiver, the second term is considered as noise and its effect is added as noise power. Using Release 11 MMSE-IRC receiver, the second term can be considered as interference and the noise plus interference covariance matrix includes the effect of the second term by

		






However, if the UE knows the co-scheduled UE’s transmission parameter like modulation order, RB allocation, or precoder, it can use its advanced receiver to decode the interference caused by co-scheduled UE and remove its effect from its received signal for decoding. Let , , and be the transmit bits corresponding the transmit symbol vector , where is the number of bits for a two layer vector .  The ML detection scheme can be expressed as

		



where denotes the set of transmit vectors with , and is the noise covariance matrix. For simplification, the LLRs can be also represented by max-log approximation
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Simulation Results
In the following, the performance of a UE is evaluated in NAICS scenario 1. The simulation assumption is listed in the Annex A. For these simulations we have assumed that the interfering base station and the serving base station have the same transmit power. Also, for the ML receiver, we assume the UE has the full knowledge of the interfering signal. Both transmitters are using the same transmission mode TM4 or TM8.

In Figure 1, TM4 (CRS based transmission) is considered for comparison for two MCS values 7 and 12. It can be seen that compared to MMSE and MMSE-IRC based decoding the UE’s performance with the advanced receiver can still be improved as the UE is able to remove the interference causing by the other transmission.

In Figure 2, TM8 (DMRS based transmission) is considered for comparison for two MCS values 7 and 12. It can be seen that compared to MMSE and MMSE-IRC based decoding the UE’s performance with the advanced receiver is improved as the UE is able to remove the interference causing by the other transmission.
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[bookmark: _Ref356211550]Figure 1: Performance of ML decoder in NAICS Scenario 1 in TM4 with one interferer
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[bookmark: _Ref356211555]Figure 2: Performance of ML decoder in NAICS Scenario 1 in TM8 with one interferer

Observation 1 – If the UE has the knowledge of the interfering signal, its performance can be improved by NAICS advanced receivers in scenario 1.
Network Assisted Interference Suppression Framework
In order to provide the required information for the UE in NAICS scenario 1, there is a backhaul limitation between macro cells, as agreed in [2].

The current ABS framework in eICIC 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. 

When the UE is scheduled with the new zone, some transmission parameters can be sent to the UE or there can be some pre-defined values or states that the UE can assume. The transmission parameters may include power setting, modulation order, and etc.

Proposal 1 – The release 10 and 11 eICIC and FeICIC framework can be extended to enable interference cancellation and suppression with advanced receivers.
Conclusion
Observation 1 – If the UE has the knowledge of the interfering signal, its performance can be improved by NAICS advanced receivers in scenario 1.
Proposal 1 – 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

Table 1: Simulation assumptions for link-level evaluations (FDD)
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode in serving cell
	TM4 & TM8

	Transmission mode in interfering cells
	TM4 & TM8

	MIMO configuration
	2x2, low correlation

	Channel model and Doppler frequency for target and interfering cells
	EVA5

	
	Use different channel seed between cells

	Number of interfering cells
	1 interfering cells

	Receivers to be evaluated
	MMSE, MMSE-IRC, ML

	DIP values
	DIP1= 0

	CRS configuration
	2 CRS ports per cell with planning, non-colliding CRS between cells

	Resource allocation
	11 PRBs

	MSC and TBS options
	7 & 12

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

	PMI granularity and rank of interfering signals 
	Randomly changing rank per sub-band from subframe to subframe
Frequency granularity is 6 PRBs

	
	

	Channel and interference estimation at UE
	Practical and realizable channel and interference covariance estimates with no a-priori knowledge of the channel state information

	PCFICH
	CFI = 2

	Physical channels transmitted in interfering cells
	PDCCH (full load, in all subframes)
PDSCH (full load, in all subframes): 16QAM modulation is agreed to be used in interfering cells

	Cyclic prefix
	Normal
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