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1
Introduction

Currently RAN1 NAICS study focuses on the third objective of the SID whose primarily scope is to evaluate the system-level gains from candidate NAICS receivers. In RAN1#74bis it was agreed that the E-LMMSE-IRC, SLIC, and symbol level R-ML receivers are to be prioritized in the system simulations in RAN1. In this contribution we present system level simulation results from the E-LMMSE-IRC receiver based on the modelling methodology given in [1].
We compare the E-LMMSE-IRC performance to the LMMSE-IRC baseline in NAICS scenarios 1 and 2a/2b. As the traffic assumption is FTP1, we look at the mean and 5th percentile user perceived throughput as the performance metrics.

2
System model and receiver models
Assuming that a single dominant interferer is taken into account explicitly at the receiver, we write the signal model as follows



[image: image1.wmf]n

x

H

x

H

x

H

y

K

i

i

i

+

÷

ø

ö

ç

è

æ

+

+

=

å

=

2

1

1

0

0



[image: image2.wmf]z

x

H

x

H

y

+

+

=

1

1

0

0



[image: image3.wmf]v

x

H

y

+

=

0

0

,
where z is the other cell interference + noise, and v is the total interference + noise term.

E-LMMSE-IRC model

Referring to [1], the E-LMMSE-IRC receiver is modelled in the simulations as
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Note that the model is idealistic in two senses: it assumes ideal joint estimation of H0 and H1, and furthermore the channel estimation of H1 is ideal.

Rel 11 LMMSE-IRC model

The Rel 11 LMMSE-IRC receiver is modelled in this case as
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3
Results / Scenario 1

The gain of E-LMMSE-IRC in mean user throughput in NAICS scenario 1 compared to Rel. 11 LMMSE-IRC receiver based on our performance evaluation is as follows (RU values are indicative of the approximate load in the system):

Table 1: Scenario 1: E-LMMSE-IRC mean user throughput

	LMMSE-IRC
	E-LMMSE-IRC
	RU

	0 %
	1,9 %
	40 %

	0 %
	4,1 %
	60 %


The gain in 5th percentile user throughput for E-LMMSE-IRC in NAICS scenario 1 compared to LMMSE-IRC receiver is as follows (RU values are indicative of the approximate load in the system):

Table 2: Scenario 1: E-LMMSE-IRC 5th percentile user throughput

	LMMSE-IRC
	E-LMMSE-IRC
	RU

	0 %
	9,6 %
	40 %

	0 %
	6,6 %
	60 %


Results in Table 1 and 2 are using TM9 and assuming one interferer is taken into account explicitly at the receiver. It is assumed that the UE knows the DMRS configuration, hence by genie aided dynamic signalling. Also, the interferer channel estimation is ideal. No network coordination was assumed. In particular the schedulers in different eNBs were assumed to operate independently. These results represent an upper bound which might be impacted by signalling/coordination limitations or by UE blind detection reliability.
4
Results / Scenario 2a/2b
The gain of E-LMMSE-IRC in mean user throughput in NAICS scenario 2a/2b (with 4 pico cells per macro cell) compared to Rel. 11 LMMSE-IRC receiver based on our performance evaluation is as follows (RU values are indicative of the approximate load in the system):

Table 3: Scenario 2a/2b: E-LMMSE-IRC mean user throughput

	LMMSE-IRC
	E-LMMSE-IRC
	RU

	Macro
	SC
	Macro
	SC
	Macro
	RU

	0 %
	0 %
	3,0 %
	0,8 %
	40
	20

	0 %
	0 %
	4,6 %
	1,6 %
	60
	30


The gain in 5th percentile user throughput for E-LMMSE-IRC in NAICS scenario 2a/2b (with 4 pico cells per macro cell) compared to LMMSE-IRC receiver is as follows (RU values are indicative of the approximate load in the system):

Table 4: Scenario 2a/2b: E-LMMSE-IRC 5th percentile user throughput

	LMMSE-IRC
	E-LMMSE-IRC
	RU

	Macro
	SC
	Macro
	SC
	Macro
	SC

	0 %
	0 %
	5,1 %
	6,6 %
	40
	20

	0 %
	0 %
	12,0 %
	7,5 %
	60
	30


Results in Tables 3 and 4 are obtained with same assumptions as described in Section 3.
5
Conclusion
In this paper we have presented system simulation results for E-LMMSE-IRC receiver in NAICS scenarios 1 and 2a/2b. The E-LMMSE-IRC receiver improves the average and cell edge user throughput performance over Release 11 LMMSE-IRC receivers in all the investigated scenarios. Results presented in this paper represent an upper bound which might be impacted by signalling/coordination limitations or by UE blind detection reliability.
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Appendix: Detailed simulation assumptions
	Parameter
	Value

	Simulation cases
	According to [2]
NAICS Scenario 1, homogeneous macro
NAICS Scenario 2a/2b, macro + 4 picos per macrocell

	Carrier frequency / system bandwidth
	2.0 GHz, 10 MHz BW

	Channel model and propagation
	ITU UMa propagation for macro-to-UE links, ITU UMi propagation for pico-to-UE links

	Antenna configuration
	2 Tx XPOL, 2 Rx XPOL

	Transmission scheme
	2x2 SU-MIMO with  rank adaptation

	UE receiver
	{LMMSE-IRC, E-LMMSE-IRC}

	Channel estimation for feedback
	Modeled

	Channel estimation for demodulation
	Modeled (Neff,1=6)

	Covariance estimation for demodulation
	Modeled (Neff,2=12)

	UE Feedback
	Feedback mode 3-1 (wideband PMI, narrowband CQI with 6 PRB subband size), 6 ms delay (CQI,ACK/NACK, PMI), 5 ms reporting interval

	Scheduler
	TD-FD: PF-PF

	Traffic model
	FTP Model 1, packet size 0.5Mbytes

	Reference symbol overhead
	CRS: 2 CRS Rel´8 legacy overhead

DM-RS: 12RE/PRB 

CSI-RS: 1 RE/port/PRB per 5 ms

	Control channel
	Only overhead modelled: 3 OFDM symbols

	HARQ
	Max 5 retransmission, chase combining

	 Small cell TX power
	30 dBm

	Transmission mode
	TM9
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