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1  Introduction

The evaluation methodologies and initial simulation assumptions for enhanced performance requirements for LTE UE studies are summarized in [1]. For link level simulation, the following dominant interference power (DIP) value is suggested: 
· Synchronized network (baseline)

· Number of interfering cells: 2 cells

· Conditional median DIP values:

· DIP case 1:   DIP1 = -2.8 dB, DIP2 = -7.3 dB on 0 dB geometry.

· DIP case 2:   DIP1 = -3.1 dB, DIP2 = -5.4 dB on -3dB geometry.

· Asynchronous network (by interested companies)

· Number of interfering cells: 1 cell

· Conditional median DIP values:

· DIP case 1:   DIP1 = -2.8 dB on 0 dB geometry.

· DIP case 2:   DIP1 = -3.1 dB on -3 dB geometry.

· Time offset: 0.5 msec + half a OFDM symbol

The detailed simulation assumption is summarized in Table I of [1]. 
Table I: Initial simulation assumptions for the evaluation of link-level evaluation [1].
	Parameter
	Scenario 1  (CRS based)
	Scenario 2  (DM-RS based)

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode on Serving cell
	TM6
	TM9 with 1-layer transmission

	Transmission mode on interfering  cells
	TM4
	TM9

	MIMO configuration
	2x2 and low correlation
	4x2 and low correlation

	Channel model and Doppler frequency for target and interference cells
	EVA, 3km/h, 
Use different channel seed for between cells

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

	CSI-RS configuration
	None
	4 CSI-RS ports,
and 5 msec periodicity

	MCS for target signal
	Fixed MCS as follow:
#10, #11, #12 for SINR = 0 dB, and #7, #8 ,#9 for SINR= -3 dB as baseline,
and outer-loop link adaptation by interested companies

	PMI for target signal
	Follow wideband PMI as baseline
Fixed wideband PMI by interested companies

	H-ARQ
	8 HARQ processes and max 4 transmissions

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

	MCS/ PMI transmission guranuality and Number of transmission ranks for interfernce signals (% of rank-1 and % of rank-2)
	Randomly changing per sub-band from subframe to subframe as baseline.
 Randomly changing per sub-band per 10 msec periodicity by interested 
companies. Frequency granularity is 6 RBs

	
	80% for rank-1 and 20% for rank-2
	70% for rank-1 and 30% for rank-2

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered

	Resource allocation
	50 RBs

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames at minimum


In this contribution, we submit link level simulation results for enhanced MMSE-IRC UE receiver
2 Simulation results synchronized network 
First, we investigate throughput enhancement comparing MMSE-IRC receiver with the baseline MMSE receiver in synchronized network. Two interference covariance matrix estimation methods are evaluated based on the transmission mode.  The case labeled ‘CRS-based’ performs the covariance matrix estimation per RB using the 16 CRS RE (2 CRS ports), and results labeled ‘DMRS-based’ uses the 12 DMRS-elements for the covariance estimation. In scenario 1, only CRS based method is evaluated. For scenario 2 where transmission mode 9 is used, both CRS based method and DMRS based method are evaluated. 

The throughput improvement in the in DIP-case-1 falls into 9% ~10%, and the DIP-case-2 shows within 10% ~ 12% gains, as shown in the Table 1. Since DIP-case-2 has higher interference level (i.e. case-1 I/N = 3.91dB, case-2 I/N = 5.45dB), so interference cancellation gain is higher too. 

Table  1 : Throughput Enhancement of the MMSE-IRC receiver in the synchronous network
	
	DIP case 1 (G=0dB)
	DIP case 2 (G=-3dB)

	MCS index
	10
	11
	12
	7
	8
	9

	Scenario 1
CRS-based
	10.28%
	9.01%
	9.51%
	10.62%
	11.97%
	11.27%

	Scenario 2
DMRS-based
	7.90%
	10.09%
	9.31%
	11.93%
	11.31%
	13.07%


Comparing the CRS based method with the DMRS based method, CRS-based method enjoys larger number of measurements per RB comparing the DMRS. However, the CRS on the first OFDM symbol also experience different interference pattern due to the control signal transmission. For better comparison, we try to compare the CRS-based and the DMRS-based case in a same transmission mode 9. The relative throughput gain is summarized in Table 2. The corresponding BLER is summarized in Table 3. We have the following observations: 

Observation 1: DMRS-based and CRS-based methods perform similar.
Observation 2: The MCS is defined for the simulation is too large for both DIP case 1 and DIP case 2. The resulted BLER is too high. 
Table 2 : Throughput enhancement of the TX mode 9, MMSE-IRC 
     with covariance estimation using CRS and DMRS
	
	DIP case 1 (G=0dB)
	DIP case 2 (G=-3dB)

	MCS index
	MCS10
	MCS11
	MCS12
	MCS7
	MCS8
	MCS9

	Scenario 2
CRS-based
	8.26%
	10.09%
	9.92%
	10.55%
	9.06%
	11.17%

	Scenario 2
DMRS-based
	7.90%
	10.09%
	9.31%
	11.93%
	11.31%
	13.07%


Table 3 : BLER of the TX mode 9, MMSE-IRC 
     with covariance estimation using CRS and DMRS
	
	DIP case 1 (G=0dB)
	DIP case 2 (G=-3dB)

	MCS index
	MCS10
	MCS11
	MCS12
	MCS7
	MCS8
	MCS9

	Baseline MMSE
	0.471378
	0.529261
	0.581321
	0.487776
	0.54329
	0.594301

	Scenario 2
CRS-based
	0.427698864
	0.4817472
	0.5397727
	0.433732
	0.50193
	0.548989

	Scenario 2
DMRS-based
	0.4296165
	0.4803547
	0.5423295
	0.426654
	0.491636
	0.541268


Based on this observation, we propose 
 
Proposal 1: Modify the MCS definition in Table I of [1] as

	MCS for target signal
	Fixed MCS as follow:
#7, #8, #9 for SINR = 0 dB, and #4, #5 ,#6 for SINR= -3 dB as baseline,
and outer-loop link adaptation by interested companies


3 Simulation results asynchronized network 

In asynchronized network, sub-frames from the interfering BS’s are misaligned by a half-sub-frame plus a half OFDM-symbol period, which is 0.537ms in the 10MHz bandwidth setting. When the interfering sub-frames are misaligned, the interference covariance estimation becomes more difficult due to the fact that the different RS within one RB can experience quite different interference. Therefore overall performances in the Table 3 are much degraded. For scenario 1, the throughput gain drops by 3-5% compared to the synchronized network. For scenario 2, the throughput gain drops by about 6%~10% comparing to the synchronized network. The difference is mainly caused by the codebook size used for the interference cell transmission. In scenario 1, 2Tx codebook is used, where there is only 4 codewords for layer 1 transmission and 2 codewords for layer 2 transmission. However in scenario 2, there are a total of 16 rank-1 codewords and 16 rank-2 codewords. Therefore the probability of the two slots using different codewords in random precoding is much larger in scenario 2, causing large degradation.

Table  3 : Throughput Enhancement of the MMSE-IRC receiver in the asynchronous network
	
	DIP case 1 (G=0dB)
	DIP case 2 (G=-3dB)

	MCS index
	10
	11
	12
	7
	8
	9

	Scenario 1
CRS-based
	8.07%
	9.25%
	5.68%
	6.69%
	6.89%
	6.75%

	Scenario 2
DMRS-based
	2.35%
	3.49%
	1.24%
	4.70%
	5.12%
	2.26%


In order to make fair comparisons, we try to test the CRS-based and the DMRS-based in the same transmission mode 9 in Table 4.
When testing the CRS-based and DMRS-based scheme in an identical system, the gains from both schemes are shown up as similar. 
Table 4 : Throughput enhancement of the TX mode 9, MMSE-IRC 
     with covariance estimation using CRS and DMRS.
	
	DIP case 1 (G=0dB)
	DIP case 2 (G=-3dB)

	MCS index
	10
	11
	12
	7
	8
	9

	Scenario 2
CRS-based
	2.58%
	2.88%
	1.17%
	5.24%
	4.41%
	2.13%

	Scenario 2
DMRS-based
	2.35%
	3.49%
	1.24%
	4.70%
	5.12%
	2.26%


Observation 3: Significant MMSE-IRC performance degradation is observed in asynchronized network, particularly in 4x2 MIMO configurations. 

4 Conclusion

In this contribution, we submit link level simulation using MMSE-IRC receiver. We have the following observations and proposal:

Observation 1: DMRS-based and CRS-based method performs similar.
Observation 2: The MCS is defined for the simulation is too high for both DIP case 1 and DIP case 2. Lower MCSs are more desirable. 
Observation 3: Significant MMSE-IRC performance degradation is observed in asynchronized network, particularly in 4x2 MIMO configurations. 

Proposal 1: Modify the MCS definition in Table I of [1] as

	MCS for target signal
	Fixed MCS as follow:
#7, #8, #9 for SINR = 0 dB, and #4, #5 ,#6 for SINR= -3 dB as baseline,
and outer-loop link adaptation by interested companies
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