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1
Introduction

To better assess the performance of the candidate NAICS receivers, it has been agreed to conduct phase-II link level evaluations with interference randomly on and off and with random interference rank and MCS. In this contribution, we provide some preliminary phase-II link simulation results for two linear receivers in the NAICS study: LMMSE-IRC and E-LMMSE-IRC.
This is a revised contribution of R4-134997 with the newly agreed simulation setup for NAICS phase-II evaluation since RAN4-#68bis meeting [1]. The performance of E-LMMSE-IRC with a new DMRS assignment scheme is also evaluated in this revised contribution.
2 
NAICS phase-II link level simulation setup 

Our simulation setup follows [1].   The two interferers are randomly on and off based on an FTP traffic model, where the packet arrival is a Poisson process with an arrival rate defined as λ= RU / D where RU=40%, and “D” = 289ms for scenario 1.  

The rank and MCS of the two interferers are randomly chosen [1] as:

· RI=1 or 2 is randomly chosen according to 55/45 probability.
· MCS varies from packet to packet 
· MCS randomly selected from three MCS levels defined below 
· RI=2: MCS [7] (17%), MCS[15] (22%), MCS[22] (16%)
· RI=1: MCS [7] (11%), MCS[14] (16%), MCS[22] (18%)
Selected MCS and rank determine the ON duration (assuming 0.5MB packets)
The following parameters for outer loop link adaptation are used:
· Target 10% BLER for a first PDSCH transmission

· Step size on CQI (for MCS mapping) is: 

a. Down 0.25 dB in effective SINR for each NAK

b. Up 0.025 dB in effective SINR for each ACK
Other simulation parameters are summarized in the table in Annex A.
Different methods are used to generate the covariance matrices, according to whether the LMMSE-IRC receiver or the E-LMMSE-IRC receiver is used. For LMMSE-IRC, the interference plus noise covariance matrix is estimated over 3 RBs by using the residuals in DMRS REs after subtracting the reconstructed serving cell reference signal [2]. For E-LMMSE-IRC, the covariance matrix of the interference plus noise is constructed using the two estimated dominant interferers’ channel matrices as well as the residuals in the DMRS REs. 
Three DMRS assignment schemes are evaluated. The first scheme is DMRS interference cancellation (‘DMRS-IC’), where different cells transmit PDSCHs with non-orthogonal DMRS ports, and the channel estimates are improved through interference cancellation.  In these simulations, all transmitters use the same DMRS ports (port 7 and port 8), but with different DMRS sequences. Iterative DMRS-IC channel estimation is used to cancel mutual interference between the serving and dominant interfering cells. 

The second channel estimation scheme uses fully orthogonal DMRS ports for the different transmitters. The REs for 8 DMRS ports are reserved on the desired and dominant interferers and not used for data transmission. One DMRS sequence is used for all three transmitters. DMRS ports 7 and 8 are assigned to the serving cell, ports 9 and 11 are assigned to the first interferer, and ports 10 and 12 are assigned to the second interferer. In this scheme, all DMRS signals from the different transmitters are mutually orthogonal and will minimally interfere with each other. This increases the accuracy of the channel estimation. However, compared to the first scheme, the amount of resources reserved for DMRS transmission is doubled.
The third channel estimation scheme uses partially orthogonal DMRS ports for different transmitters. Only 4 DMRS port resources are reserved for up to total 6 layers’ DMRS transmission. More precisely, the serving cell may use DMRS ports 7, 8 and Interferer cell 1 may use DMRS ports 11, 13 and they use the same DMRS sequence; In this setting, Interferer 2 may use DMRS ports 7, 8 but it should use a different random number initialization for its DMRS sequence generation.
3 
Simulation results
Figure 1 shows the throughput performance of the advanced receivers LMMSE-IRC and E-LMMSE-IRC. The upper and lower plots are results from EPA and ETU channels, respectively.  The left side plots are for 50%-ile, and the right side plots are for 80%-ile where alpha=40%.
In Figure 1, the red curve is for the LMMSE-IRC receiver. The green curve is for the E-LMMSE-IRC receiver with 8 port resources of the fully orthogonal DMRS scheme. The black curve is for E-LMMSE-IRC with the DMRS-IC channel estimation scheme. The blue curve is for E-LMMSE-IRC with 4 port resources of partially orthogonal DMRS scheme.
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Figure 1.  Advanced receiver throughput performance
As an alternative view of the same results, Figure 2 presents the relative throughput gain of the three different E-LMMSE-IRC schemes over (baseline) LMMSE-IRC.
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Figure 2. Throughput gain of E-LMMSE-IRC over baseline MMSE-IRC receiver

From the simulation results, we observe, in an EPA channel, an E-LMMSE-IRC receiver with DMRS-IC channel estimation outperforms a baseline LMME-IRC receiver by roughly 2% to 3% on average over all SINRS for both cases of 50%-ile and 80%-ile. The E-LMMSE-IRC receiver with 4 port resources partially orthogonal DMRS channel estimation scheme is observed similar performance with DMRS-IC channel estimation scheme. The E-LMMSE-IRC receiver with 8 orthogonal DMRS ports resource orthogonal channel estimation scheme under performs the LMMSE-IRC receiver by roughly 7% in both 50%-ile and 80%-ile. Therefore, the additional overhead for 8 orthogonal DMRS ports scheme outweighs the benefits of better channel estimation in this case.
We also observe that, in an ETU channel, E-LMMSE-IRC with both fully orthogonal 8 DMRS ports assignment scheme and partially orthogonal 4 DMRS ports assignment scheme outperform the baseline LMMSE-IRC receiver by a large margin.  At low SINR, the gains of E-LMMSE-IRC receivers with the full or partial orthogonal DMRS assignment schemes over the baseline MMSE-IRC receiver are range from 20% to 30% for both 50%-ile and 80%-ile cases.  In medium to high SINRs, on average, the gain is roughly 7% with 50%-ile and 10% with 80%-ile.  However, the E-LMMSE-IRC receiver with DMRS-IC has no gain or much smaller gain over the baseline LMMSE-IRC receiver with 50%-ile or 80%-ile case, respectively.
We note that the relevance of these EPA results may not be too great, because the link level simulation parameters used here were derived for NAICS scenario 1.  Since NAICS scenario 1 uses a macro cell setup, EPA has insufficient multipath to be representative of this scenario.  Multipath channels, including ETU, are more realistic models for NAICS scenario 1.
4
Conclusions

In this contribution, we evaluated the performance of an LMMSE-IRC receiver and an E-LMMSE-IRC receiver using the phase-II link level simulation setup. From the preliminary simulation results, we have the following observations:

· There can be significant gain for E-LMMSE-IRC in multipath channels such as ETU and with two dominant interferers:

· There can be significant benefit from using 8 fully orthogonal DMRS ports or 4 partially orthogonal DMRS ports over 4 DMRS port Rel-11 LMMSE-IRC, since there is a greater need for improved channel estimation in these channels.

· Throughput gains over Rel-11 LMMSE-IRC are higher across a range of SINRs in higher percentiles.

· The gains are more significant at lower SINRs.

· With DMRS-IC channel estimation, E-LMMSE-IRC can have some improvements over Rel-11 LMMSE-IRC, mostly at lower SINRs.

· There may be a small or no gain for E-LMMSE-IRC in near frequency flat channels such as EPA and with two dominant interferers:

· There may be no benefit from using 8 fully orthogonal DMRS ports for E-LMMSE-IRC over 4 DMRS port Rel-11 LMMSE-IRC, due to the extra overhead.

· E-LMMSE-IRC with 4 partially orthogonal DMRS port scheme and DMRS-IC scheme can have some slight throughput improvements over Rel-11 LMMSE-IRC.

· The relevance of EPA channels may not be too great, as EPA has insufficient multipath to be a realistic model for the macro cell setup we are focusing on in NAICS scenario 1.

Therefore, given that there is potential for gain from improved channel estimation through better DMRS coordination, but this gain can vary with the conditions, we propose:

· Further study DMRS coordination mechanisms among desired and interfering cells at the system level, quantifying their gain and determining the overhead and complexity impacts. 
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Annex A – Simulation assumptions

Table 3:  Simulation assumptions used in the link-level simulation.

	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Assigned bandwidth
	10 RBs

	Transmission mode on Serving cell
	TM9 with link and rank adaptation

	Transmission mode on interfering cell
	TM9, Random rank

	MCS
	1) S: link adaptation   I1, I2: Random MCS

	Interference on/off 
	Always on / random on-off

	MIMO configuration
	2x2, low correlation

	Channel model 
	EPA, ETU, 3km/h

	Channel Estimation
	Real channel estimation

	DMRS configuration
	1. For DMRS-IC, all three cell with port 7 and 8, and with different sequences.
2. For fully orthogonal DMRS port arrangement, Serving cell – port 7, 8; Interferer cell 1 – port 9, 11; Interferer 2 – port 10, 12.  All with same sequence. In the figure we call it eLMMSE-IRC-8Ports. 
3. For partially orthogonal arrangement, Serving cell – port 7, 8; Interferer cell 1 – port 11, 13; All with same sequence. Interferer 2 – port 7, 8 with different sequence. In the figure we call it eLMMSE-IRC-4Ports. 

	CSI-RS configuration
	4 CSI-RS ports, and 5 ms periodicity

	DIP value (dB)
	According to Phase-II agreement (different DIP values for different ranges of SINR) [3]

	PMI for target signal
	wideband PMI

	Feedback periodicity for target signal
	Feedback periodicity: 5 ms; Feedback delay: 8 ms

	PCFICH
	CFI = 2

	Cyclic prefix
	Normal

	Simulation length
	140000 sub-frames


