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1 Introduction
Codeword interference cancellation (CWIC) receiver types are among the primary candidate receiver types for use within the Downlink Multiuser Superposition Transmission study item [1].   As such, it is essential to have accurate characterizations of their behavior at the link level, as well accurate link to system mapping methods to determine the performance of MUST.  In this contribution, we compare the link level performance of CWIC receivers to ideal interference cancellation.  

2 Discussion 
A variety of superposition schemes are being considered within the MUST study item.  We first briefly introduce the NOMA scheme studied in this contribution, and the motivation to study its performance with a CWIC receiver.  The link level performance of the scheme is then discussed.
2.1 NOMA scheme and CWIC receivers
In this contribution, we consider a generic non-orthogonal multiple access (NOMA) approach based on [3]. Transmissions to a ‘near’ UE and a ‘far’ UE are multiplexed in the same resources, but at different power levels and MCSs.  The total transmit power is split between the two UEs, with more power allocated to the far UE.  The far UE MCS is also typically lower than the near UE.  Because the transmission to the far UE is at higher power and generally at lower MCS, the near UE can often cancel the far PDSCH, maintaining much of the throughput it would have had in the absence of interference.  Furthermore, the interference from the near UE to the far UE is reduced due to the lower power allocation of the near UE, limiting the throughput loss to the far UE, and generally avoiding the need for interference cancellation of the far PDSCH.  As a result, the total throughput with NOMA transmission can be higher than if the two UEs had been served in orthogonal resources, and only the near UE tends to benefit from interference cancelation.  
Figure 1
[image: image1.emf]Near UE

Far UE

SINR

S

IN

S

IN

S

IN

SINR

SINR

Decode

far data

Decode

near data

Decode

far data

Full TX

power


Because the far PDSCH generally strongly interferes with the near PDSCH, interference cancellation at the near UE is essential in this scheme.  Codeword interference cancelation generally provides the best interference suppression, since it can exploit the FEC of the interferer to better estimate and then cancel the interferer.  Because both the near and far PDSCH are transmitted from the same transmission point, the eNB will have transport format information for the near and far UEs, making the CWIC receiver a natural candidate for NOMA.

CWIC receivers are generally straightforward to simulate at the system level, and simple models such as that in [2] have been proposed for the MUST study.  Therefore it is of interest to determine if simple models of CWIC are representative of real performance.  We have therefore simulated NOMA at the link level, comparing the performance of an ideal CWIC with perfect interferer decoding to one that decodes the interference.  The relative behavior of the ideal and realistic CWIC reception can then be used to gauge the extent to which impairment modeling is needed in link to system mappings.
2.2 Ideal and realistic CWIC link simulations

Ideal and realistic CWIC simulations were performed with a variety of representative near/far power settings and MCS combination in order to see how closely the ideal CWIC tracks realistic CWIC in different operating conditions.  Three different power settings were used, with the near UE allocated 10%, 20%, or 30% of the power, and the remaining power allocated to the far UE.  Four different MCS combinations were used for the near and far UEs, respectively: (Rate ½ QPSK, Rate ½ QPSK), (Rate ½ 16QAM, Rate ½ QPSK), (Rate ¾, 64QAM, Rate ½ QPSK), and (Rate ½ 16QAM, Rate ½ 16QAM).  Note that practical channel estimation was used for both the ideal and realistic CWIC simulations.  The throughput results for the near UE are shown in Figure 2 and Figure 3 below.  Detailed simulation assumptions are in the Appendix.
Figure 2
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Figure 3
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Figure 4
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Examining Figure 2, the throughput of ideal CWIC performance tracks that of realistic CWIC pretty well, generally staying within a few tenths dB at 70% of the peak throughput and above.  The one exception in this figure is for the (Rate ½ QPSK, Rate ½ QPSK) combination where the near UE has 30% of the power.  Here, the far UE’s signal is sufficiently weak that it frequently can’t be decoded correctly by the near UE as the SNR decreases.  Therefore, 30% far UE power may be a bit high and toward the edge of the operating range for this MCS combination.
Examining Figure 3, the throughput of ideal CWIC performance is generally different from that of realistic CWIC, except for when the near UE has 10% power allocation.  At 10% power allocation, the ideal and realistic curves are roughly within a few tenths to a half dB at 70% of the peak throughput and above.  
· In the case of (Rate ¾, 64QAM, Rate ½ QPSK), 10% near UE power does not seem to be an appropriate operating point, since the throughputs for 20% and 30% near UE power are substantially higher.  The 30% near UE allocation seems the most reasonable operating point, and tends to be on the order of 2 dB worse than the ideal case.  This larger real-ideal gap is not surprising, since the near UE is operating at a very high MCS.  
· In the case of (Rate ½ 16QAM, Rate ½ 16QAM), 10% near UE power does seem to be the best power level, since the realistic curves have zero throughput for 20% and 30% power.  This is sensible for the (16QAM, 16QAM) case because the far UE power needs to be substantially higher in order for the near UE to be able to cancel it.
Considering Figure 4, we see that while ideal interference cancellation can allow the UE to reach peak throughput for high MCS state combinations such as (Rate ¾, 64QAM, Rate ½ 16QAM), (Rate ¾, 64QAM, Rate ¾, 64QAM), realistic CWIC is not able to have sufficiently accurate cancellation unless the near UE has very low (less than 10%) power allocation.  Unfortunately, this leaves insufficient power above the noise floor from EVM to receive the near PDSCH.  Therefore, it does not appear feasible to (Rate ¾, 64QAM, Rate ½ 16QAM), (Rate ¾, 64QAM, Rate ¾, 64QAM) combinations at this EVM setting.  (We should note that the simulations here use 6% Tx EVM, and so are optimistic compared to the 8% agreed for the MUST study.) 
Observations:

· Near ideal interference cancellation performance (within about 0.5 dB) is feasible for lower order (near, far) MCS combinations such as (Rate ½ QPSK, Rate ½ QPSK), (Rate ½ 16QAM, Rate ½ QPSK), and (Rate ½ 16QAM, Rate ½ 16QAM).

· However, this is only true if suitable power allocations are used.

· Realistic interference cancellation has substantially worse performance than ideal interference at higher MCSs for the near UE (e.g. Rate ¾, 64QAM), even when the far UE is QPSK.

· Realistic CWIC does not seem feasible for combinations of rate ¾ 64QAM with higher order MCSs such as rate ½ 16QAM or rate ¾ 64QAM

· Given the proximity of CWIC receivers to ideal cancellation over a relatively wide range of conditions, simple modeling techniques such as the hard SIC approach of [2], may at least serve as a reasonable upper bound of performance.

· Validation and/or enhancement of the model may be needed at high SINR or when parameters are near the edge of their operating range.
3 Conclusion
This contribution has studied the behavior of a generic non-orthogonal multiple access (NOMA) approach based on [3] when used with CWIC receivers. The link level performance of CWIC receivers to ideal interference cancellation was investigated, leading to the following observations.
Observations:

· Near ideal interference cancellation performance (within about 0.5 dB) is feasible for lower order (near, far) MCS combinations such as (Rate ½ QPSK, Rate ½ QPSK), (Rate ½ 16QAM, Rate ½ QPSK), and (Rate ½ 16QAM, Rate ½ 16QAM).

· However, this is only true if suitable power allocations are used.

· Realistic interference cancellation has substantially worse performance than ideal interference at higher MCSs for the near UE (e.g. Rate ¾, 64QAM), even when the far UE is QPSK.

· Realistic CWIC does not seem feasible for combinations of rate ¾ 64QAM with higher order MCSs such as rate ½ 16QAM or rate ¾, 64QAM

· Given the proximity of CWIC receivers to ideal cancellation over a relatively wide range of conditions, simple modeling techniques such as the hard SIC approach of [2], may at least serve as a reasonable upper bound of performance.

· Validation and/or enhancement of the model may be needed at high SINR or when parameters are near the edge of their operating range.
4 References
[1] RP-150496, “New SI Proposal: Study on Downlink Multiuser Superposition Transmissions for LTE”, MediaTek, 3GPP TSG RAN Meeting #67, Shanghai, China, March 9 - 12, 2015
[2] R1-151919, “Link to System Mapping for Superposition Transmission Study”, Ericsson, 3GPP TSG-RAN WG1#80bis, Belgrade, Serbia, 20th - 24th April 2015
[3] Y. Saito, Y. Kishiyama, A. Benjebbour, T. Nakamura, A. Li, K. Higuchi, "Non-Orthogonal Multiple Access (NOMA) for Future Radio Access”, VTC Spring 2013, June 2-5, 2013
Appendix: Simulation parameters
	Parameter
	Value

	Channel
	EVA-5Hz

	System bandwidth
	10 MHz

	Antenna configuration
	2x2, low correlation

	Receiver Types
	CWIC  
Ideal IC 

	Channel Estimation
	Practical channel estimation in all simulations

	Number of control OFDM symbols
	2

	HARQ modelling
	Maximum 4 HARQ retransmissions

	Transmission mode 
	TM4

	Resource allocation 
	50 PRB

	RI
	1

	Modulation and code rates
	MCS 5: QPSK, Rate 1/3
MCS 14: QAM16, Rate ½

MCS 25: QAM64, Rate ¾

	(Tx, Rx) EVM
	(6%, 4%)



