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1  Introduction

In the last RAN4#62bis meeting, the evaluation methodologies and simulation conditions on the advanced receiver were updated in [1]. A TM2 simulation assumption was newly added, and several factors such as the number of interfering BS and QAM modulation were suggested for further studies. The simulation assumptions from the RAN4#62bis meeting are described in Table 1. The DIP profiles were adjusted too [1, 2], so we review the performances based on the updated information.
 In this contribution, we compare throughput performance and gains between MMSE and MMSE-IRC receivers under the assumptions in Table 1. In conclusions, we propose the two test assumptions and throughput thresholds that indicate the best gain of the advanced MMSE-IRC receiver.
Table 1: Simulation assumptions for link-level evaluations [1]
	Parameter
	Scenario 1-1 (TM2)
	Scenario 1-2 (TM6)
	Scenario 2 (TM9)             

	Carrier frequency
	2 GHz

	System bandwidth
	10 MHz

	Transmission mode in serving cell
	TM2
	TM6
	TM9 with 1-layer

	Transmission mode in interfering cells
	TM3
	TM4
	TM9

	MIMO configuration
	2x2, medium correlation
	2x2, low correlation
	4x2, low correlation

	Channel model and Doppler frequency for target and interfering cells
	EVA5 (also higher velocities can be considered in additions)
Use different channel seed for between cells

	Number of interfering cells
	1 & 2 to be considered

	Geometry
	G=-2.5dB and G=0dB

	DIP values
	At G=-2.5dB: DIP1= -1.73dB and DIP2=-8.66dB

At G=0dB: DIP1=-2.0561dB and DIP2=-8.2463dB

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

	CSI-RS configuration
	None
	None
	4 CSI-RS ports,

 and 5 msec periodicity

	MCS for target signal
	Fixed MCS as follows:

#10, #11 for G=0dB, and #7, #8 for G=-2.5 dB as baseline

	PMI for target signal
	N/A
	Follow wideband PMI
	Follow wideband PMI

	HARQ
	8 HARQ processes and max 4 transmissions

	Feedback periodicity for target signal
	Feedback periodicity: 5 msec

Feedback delay: 8 msec

	PMI granularity and rank of interfering 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 PRBs

	
	[80% rank-1,20% rank-2]
	80% rank-1, 20% rank-2
	70% rank-1, 30% rank-2

	Modulation in interfering cells
	QPSK or 16QAM

	PCFICH
	CFI = 2

	PCFICH/PDCCH detection
	Not considered

	Resource allocation
	50 PRBs 

	Cyclic prefix
	Normal

	Simulation length
	10000 sub-frames at minimum


2. 
Performance evaluations
     For link-level simulations, there are two items to be determined from Table 1; one is about the number of interfering cells, and another is about the QAM modulation method of the interfering BS. First, we investigate performance difference due to the number of interfering cells. In fact, multiple interfering cells can increase complexity of test conditions, while they can make more interference rejection gain. If a simple test condition is desirable, one interfering cell is a good choice, but the interference rejection gain will be reduced in given DIP profiles. First, we analyze the gain gap between one interfering BS and two interfering BS through simulations.


Table 2 shows throughput performances and gain of MMSE and MMSE-IRC under the DIP-case-1 circumstance. The test profiles are given as
· One interfering ( inf ) -BS :  G=0dB, DIP1=-2.0561dB

· Two interfering (inf) -BS  :  G=0dB, DIP1=-2.0561dB,  DIP2=-8.2463dB


Note that the modulation of the interfering cells is fixed with QPSK, which is discussed in the page 4. 


In fact, the one inf-BS case runs with a larger white noise variance, simply, the power of DIP2 is added to the noise variance. It is expected that the two inf-BS case has more gain, but we need to carefully review if the gain gap is worthy to trade off with the test complexity. 

Overall, the one inf-BS case gets 5%~10% (average 7.6%) gain degradation from the two inf-BS case. Also, comparing MSC-10 and MSC-11, MCS10 has relatively higher gain of the MMSE-IRC. 
Table 2 : Throughput and gain of MMSE and MMSE-IRC in the DIP-case-1 circumstance
	DIP case 1 [ G=0dB, DIP1=-2.0561dB, DIP2=-8.2463dB]

	DIP case 1
	TM2

	<MCS>
	MCS10
	MCS11

	Num of INF BS
	1 inf-BS
	2 inf-BS
	1 inf-BS
	2 inf-BS

	RX type
	MMSE
	MMSE-IRC
	Gain
	MMSE
	MMSE-IRC
	Gain
	MMSE
	MMSE-IRC
	Gain
	MMSE
	MMSE-IRC
	Gain

	Throughput 
[Mbps]
	5.809
	6.559
	12.90%
	5.725
	7.016
	22.51%
	5.842
	6.327
	8.30%
	5.842
	6.921
	18.48%

	Fraction of 
Max Throughput
	66.31%
	74.88%
	
	65.36%
	80.09%
	
	57.94%
	63.83%
	
	58.94%
	69.83%
	

	DIP case 1
	TM6

	<MCS>
	MCS10
	MCS11

	Num of INF BS
	1 inf-BS
	2 inf-BS
	1 inf-BS
	2 inf-BS

	RX type
	MMSE
	MMSE-IRC
	Gain
	MMSE
	MMSE-IRC
	Gain
	MMSE
	MMSE-IRC
	Gain
	MMSE
	MMSE-IRC
	Gain

	Throughput 
[Mbps]
	5.731
	6.792
	18.51%
	5.600
	7.060
	26.08%
	5.366
	6.144
	14.49%
	5.343
	6.444
	20.61%

	Fraction of 
Max Throughput
	65.42%
	77.53%
	
	63.92%
	80.59%
	
	54.14%
	61.98%
	
	53.91%
	65.02%
	

	DIP case 1
	TM9

	<MCS>
	MCS10
	MCS11

	Num of INF BS
	1 inf-BS
	2 inf-BS
	1 inf-BS
	2 inf-BS

	RX type
	MMSE
	MMSE-IRC
	Gain
	MMSE
	MMSE-IRC
	Gain
	MMSE
	MMSE-IRC
	Gain
	MMSE
	MMSE-IRC
	Gain

	Throughput 
[Mbps]
	5.037
	5.897
	17.07%
	4.934
	6.185
	25.35%
	5.479
	6.048
	10.37%
	5.097
	5.856
	14.09%

	Fraction of 
Max Throughput
	57.50%
	67.31%
	
	56.33%
	70.61%
	
	55.28%
	61.02%
	
	51.42%
	59.08%
	


Table 3 enumerates performances and gains tested with the DIP-case-2 profile. The test profiles are given as
· One inf -BS  :  G=-2.5dB, DIP1=-1.73dB
· Two inf –BS :  G=-2.5dB, DIP1=-1.73dB, DIP2=-8.66dB
Since the DIP-case-2 has strong dominant interference, overall gain of MMSE-IRC is larger than the DIP-case-1. The same performance trends are shown; one inf-BS gains are degraded by 5%~11% (average 8.1%). Also, MCS-7 throughput is captured in a reasonable region of operating fraction-of-max-throughput. 
Performance variation due to the number of inf-BS is clearly illustrated in Figure 1, three and four inf-BS are additionally tested in DIP-case 2 with MCS-7.  It shows that the second DIP interference causes notable gain increscent comparing to the other BS setting. We conclude that the two interfering BS is desirable. The profiles used in the 3 and 4 inf-BS cases are addressed in [2].
Table 3 : Throughput and gain of MMSE and MMSE-IRC in the DIP-case-2 circumstance
	DIP case 2 [ G=-2.5dB, DIP1=-1.73dB, DIP2=-8.66dB]

	DIP case 2
	TM2

	<MCS> 
	MCS7
	MCS8

	Num of INF BS
	1 inf-BS
	2 inf-BS
	1 inf-BS
	2 inf-BS

	RX type
	MMSE
	MMSE-IRC
	Gain
	MMSE
	MMSE-IRC
	Gain
	MMSE
	MMSE-IRC
	Gain
	MMSE
	MMSE-IRC
	Gain

	Throughput 
[Mbps]
	3.998
	4.671
	16.80%
	4.259
	5.442
	27.80%
	4.230
	4.871
	15.16%
	4.126
	5.197
	25.94%

	Fraction of 
Max Throughput
	67.48%
	75.35%
	 
	68.69%
	87.78%
	 
	60.70%
	69.91%
	 
	59.22%
	74.58%
	 

	DIP case 2
	TM6

	<MCS> 
	MCS7
	MCS8

	Num of INF BS
	1 inf-BS
	2 inf-BS
	1 inf-BS
	2 inf-BS

	RX type
	MMSE
	MMSE-IRC
	Gain
	MMSE
	MMSE-IRC
	Gain
	MMSE
	MMSE-IRC
	Gain
	MMSE
	MMSE-IRC
	Gain

	Throughput 
[Mbps]
	3.493
	4.337
	24.15%
	3.326
	4.406
	32.51%
	4.155
	4.838
	16.46%
	4.270
	5.169
	21.06%

	Fraction of 
Max Throughput
	56.34%
	69.95%
	 
	53.64%
	71.07%
	 
	59.63%
	69.44%
	 
	61.28%
	74.19%
	 

	DIP case 2
	TM9

	<MCS> 
	MCS7
	MCS8

	Num of INF BS
	1 inf-BS
	2 inf-BS
	1 inf-BS
	2 inf-BS

	RX type
	MMSE
	MMSE-IRC
	Gain
	MMSE
	MMSE-IRC
	Gain
	MMSE
	MMSE-IRC
	Gain
	MMSE
	MMSE-IRC
	Gain

	Throughput 
[Mbps]
	3.433
	4.109
	19.69%
	3.512
	4.522
	28.77%
	3.558
	4.025
	13.13%
	3.540
	4.175
	17.96%

	Fraction of 
Max Throughput
	55.38%
	66.28%
	 
	56.64%
	72.93%
	 
	51.06%
	57.77%
	 
	50.80%
	59.92%
	 


Figure 1 : Gain variations depending on the number of  interfering BS
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Last, we discuss about a proper QAM modulation setting of the interfering BS. The modulation selection can truly affect the interference covariance estimation. Assume a simple interfering situation as
[image: image3.png]v = Hs + y(H,f Sinp) + 1,



                    (1)
where y is a [image: image5.png]N, X1



 received signal vector, H is a [image: image7.png]N,y X Ngy



 channel matrix, s is a [image: image9.png]N, x1



 QAM-symbol vector, and n is a noise vector. Subscription ‘inf ’ notes an interference term, and [image: image11.png]


 is an interference gain.

   The receiver estimates the noise-interference covariance matrix [image: image13.png]


 as
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Since the QAM symbol s and the channel H are statistically independent, we can take  [image: image23.png]CL
E [Sinssh,
.



 separately in (2), and [image: image25.png]


  should be an identity matrix.  For a diagonal element of [image: image27.png]


 , when [image: image29.png])PSK
Sing € QI



,  we can strictly get [image: image31.png]


  without expectation, while [image: image33.png]€ 16QAM
Sinf



  gives [image: image35.png]


 in a probability sense.  Off-diagonal elements of  [image: image37.png]


 must be suppressed to zero through enough averaging.  Figure 2 shows that QPSK has a clear benefit to get diagonal element =1 comparing to 16QAM, and non-diagonal elements converge to zero similarly. Therefore we select QPSK for the tests.
Figure 2 (a) : convergence of the [image: image39.png]E [ISinf]*]
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 ), Figure 2. (b) : convergence of  [image: image43.png]E [s;
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                               Figure 2, (a)                                                            Figure 2, (b)  
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        From the results in Table 2, 3 and analysis, we select two test cases presenting the most reasonable performance gain. Throughput results between TM2 and TM6 are similarly shown in Table 2 and 3 since the advanced receiver in TM2 and TM6 utilizes CRS in common. Therefore, we select TM2 because it is regarded importantly in the practical service. We suggest test setups for the advanced receiver evaluations as Table 4.  
Table 4 : Test setup proposals 
	
	DIP profile
	Number of
Inf cells
	TX
mode
	Serving cell
MCS
	Interfering cell
QAM
	Threshold fraction of max throughput

	Proposed
Test case 1
	G=0dB,
DIP1=-2.05dB
DIP2=-8.24dB
	2
	TM9
	MCS10
	QPSK
	60%

	Proposed
Test case 2
	G=-2.5dB,
DIP1=-1.73dB
DIP2=-8.66dB
	2
	TM2
	MCS7
	QPSK
	70%


* Other test conditions follow the Table 1.  
2 Conclusion

This contribution provides link-level simulation results of MMSE and MMSE-IRC receiver tested under the RAN4 meeting #62bis assumptions.  Especially, we investigate performance variations depending on the number of interfering BS and impact of QAM modulations of interfering cells. Finally, we propose the following items.
Proposal 1 : TM9 test setup for advanced receiver evaluation
	DIP profile
	Number of
Inf cells
	TX
mode
	Serving cell
MCS
	Interfering cell
QAM
	Threshold fraction of max throughput

	G=0dB,
DIP1=-2.05dB
DIP2=-8.24dB
	2
	TM9
	MCS10
	QPSK
	60%


Proposal 2 : TM2 test setup for advanced receiver evaluation
	DIP profile
	Number of
Inf cells
	TX
mode
	Serving cell
MCS
	Interfering cell
QAM
	Threshold fraction of max throughput

	G=-2.5dB,
DIP1=-1.73dB
DIP2=-8.66dB
	2
	TM2
	MCS7
	QPSK
	70%


3 References
[1] R4-122201, “simulation assumptions for enhanced receiver,”  Renesas Mobile Europe Ltd.
[2] RAN4 email concerning a new DIP profile : http://list.etsi.org/scripts/wa.exe?A2=ind1203a&L=3gpp_tsg_ran_wg4&T=0&P=3252






3GPP


