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1
Introduction

In this contribution we provide a text proposal on the system performance of post-decoding NAIC for the Technical Report [2].

2
Text Proposal

[------------------------------------------------------------- TEXT START --------------------------------------------------------------]
7.1.8

Network Assisted Interference Cancellation
[…]
7.1.8.5
System simulation results for Post Decoding NAIC

7.1.8.5.1
NAIC Post Decoding IC Architecture
The first stage-frontend is composed of a legacy Type-3i or the front end of a practical blind IC receiver. Such a front end design utilizes the legacy architecture to the extent possible. The serving and interfering cells are processed individually, in such a way that the signals in the interfering cells can be decoded and cancelled at the same time as the the signals in the serving cell undergo decoding attempts. The first-stage frontend also delivers the estimate of the channel to the block that decodes and cancels the interfering cell in order to reconstruct the received waveforms of the interfering cells. A reference receiver architecture is illustrated in Figure x.
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Figure x: Reference receiver architecture for NA-IC
The second stage frontend processes the waveforms after the interfering cell cancellation. The second-stage frontend could also use the architecture of a legacy Type-3i or a practical blind IC receiver. 

CQI feedback from the receiver with NA-IC is computed based on the CPICH SNR obtained from the output of the second-stage frontend, to benefit CQI reporting in an NA-IC receiver. Sot symbols can also be used to compute the cQI feedback.
7.1.8.5.2 Interface to System Simulation

The key element of the NAIC system is the ratio of the geometry of the LPN UE to the Macro cell and the geometry of the Macro UE (currently being served) to the Macro cell. In other words, it is considered that meaningful gains may be obtained when
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The decoding rate can then be characterized by a two-dimensional geometry mapping scheme. The cancellation efficiency
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is defined as: 
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where 
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is the received signal (Macro interference in the context of NAIC) and 
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is the reconstructed signal at the UE after decoding and reconstruction. This efficiency of the NAIC receiver can be computer at a particular two dimensional geometry
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location.

Based on this definition, the cancellation efficiency for various geometry pairs for a particular type of a first and second stage frontends are shown in Table y.

Table y: Interference Cancellation Efficiency

	
	(M1, 20dB)
	(M2, 15dB)
	(M3, 10dB)
	(M4, 5dB)
	(M5, 0dB)
	(M6, -5dB)
	(M7, -10dB)

	(P1,20dB)
	66.10667
	82.115
	95.33333
	99.115
	99.21167
	99.36333
	99.50167

	(P2, 15dB)
	51.24
	76.27333
	92.11833
	98.98
	99.58
	99.56667
	99.5

	(P3, 10dB)
	37.75667
	61.905
	84.365
	97.27833
	99.62833
	99.685
	99.58667

	(P4, 5dB)
	17.1225
	36.58408
	60.75333
	86.17583
	97.2925
	99.40833
	99.63333

	(P5, 0dB)
	12.30108
	26.67817
	48.30083
	70.9025
	90.9075
	98.21167
	99.225

	(P6, -5dB)
	9.908554
	21.31932
	33.53373
	47.27825
	66.44083
	87.07667
	96.95667

	(P7, -10dB)
	5.519667
	14.22879
	28.38294
	42.56417
	56.4925
	78.17833
	92.32167


In Table y, the columns correspond to the Geometry of the Macro UE to the Macro Cell and the rows correspond to the Geometry of the LPN UE to the Macro cell.

Note that the
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values obtained in Table y are averages over many Pico locations. Since it is possible to obtain a geometry pair 
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 for more than once LPN location, this approach to obtain the system simulation mapping is considered as an approximation. However, it is also considered that some meaningful conclusions may be drawn based on the results from this simulation methodology.
7.1.8.5.3 System Simulations

Using the cancellation efficiencies from Table y, the IC efficiency for all LPN location in the network can be computed through interpolation. The NAIC performance can be computed by cancelling the portion of interference (represented by
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) for a particular TTI based on the geometry of the Macro UE that is being served in that TTI and the geometry of the LPN UE to the Macro cell which is fairly static.

The results from the simulation are shown in Tables y2 to y5. The simulation assumptions used are the same as the ones assumed for other Hetnet system simulations.

A common HS-SCCH is assumed to be transmitted from all the Macro cells for which 10% of the overall power has been allocated. Therefore, the overhead power comprises of 30% for the Macro cells. 

Table y2: Post Decoding NAIC; 4 LPNs per Macro; Clustered Drops

	
	Baseline
	NAIC
	Gains

	CIO (dB)
	Mean Tput
(kbps)
	50%  Tput
(kbps)
	5%  Tput
(kbps)
	Mean Tput
(kbps)
	50%  Tput
(kbps)
	5%  Tput
(kbps)
	Mean (%)
	50%  (%)
	5%  
(%)

	0
	1672.2
	837.7
	309.4
	1785.2
	850.7
	311.6
	6.8
	1.5
	0.7

	1
	1674.0
	895.2
	317.8
	1794.2
	904.7
	320.1
	7.2
	1.1
	0.7

	2
	1671.3
	934.1
	343.4
	1796.4
	973.6
	347.3
	7.5
	4.2
	1.1

	3
	1656.0
	978.9
	384.0
	1787.3
	1017.4
	393.9
	7.9
	3.9
	2.6

	4
	1641.3
	996.2
	388.7
	1773.6
	1057.2
	402.3
	8.1
	6.1
	3.5

	5
	1630.4
	1012.3
	351.8
	1767.2
	1099.9
	396.7
	8.4
	8.7
	12.8

	6
	1606.4
	1071.6
	305.5
	1748.4
	1126.8
	385.1
	8.8
	5.2
	26.0

	7
	1581.6
	1088.9
	241.9
	1728.3
	1167.9
	330.7
	9.3
	7.3
	36.7

	8
	1559.8
	1111.1
	130.5
	1707.0
	1200.0
	253.3
	9.4
	8.0
	94.1

	9
	1536.2
	1131.6
	57.0
	1683.8
	1229.3
	180.9
	9.6
	8.6
	217.1

	10
	1518.0
	1138.5
	0.0
	1665.9
	1238.4
	120.7
	9.7
	8.8
	

	11
	1490.1
	1161.0
	0.0
	1631.4
	1246.6
	12.7
	9.5
	7.4
	

	12
	1474.1
	1129.9
	0.0
	1611.4
	1238.0
	0.0
	9.3
	9.6
	


From Table y2, it can be seen that the mean gains of NAIC do not exceed 10% even at very large CIO values. The median gains are low at low CIO values and rise up to around 8% for large CIO values. There are more significant gains at the cell edge but the absolute throughput isn’t too significant in such cases. If we compare performance across different CIO values, then the gains deteriorate even further.
Table y3 shows the performance gains when only the UEs in the range expansion region is considered. The range expansion region is defined as the region between a CIO=0dB to the applied CIO.

Table y2: Performance of UEs in RE region; Post Decoding NAIC; 4 LPNs per Macro; Clustered Drops

	
	Baseline
	NAIC

	CIO (dB)
	Mean Tput
(kbps)
	50%  Tput
(kbps)
	5%  Tput
(kbps)
	Mean Tput
(kbps)
	50%  Tput
(kbps)
	5%  Tput
(kbps)

	1
	867.3
	699.2
	221.0
	1259.4
	1001.4
	293.9

	2
	780.6
	684.0
	222.3
	1167.9
	1001.4
	309.7

	3
	629.1
	602.2
	197.2
	952.2
	881.9
	272.0

	4
	538.3
	494.2
	159.4
	851.7
	804.2
	255.6

	5
	445.9
	398.7
	135.9
	731.2
	656.5
	206.2

	6
	397.6
	345.6
	98.1
	685.6
	602.7
	187.7


In Table y2, the values for CIO of 3dB in the baseline and CIO 6dB for NAIC are compared. This is because the CIO is expected to be increased when NAIC is enabled. As can be observed, the gains are not significant when such a comparison is made.

A scenario with a single LPN per Macro cell is also simulated with lower overall ambient interference. This scenario may be considered to be the most favourable for post decoding NAIC performance and the results are shown in Tables y4 and Table y5.

Table y4: Post Decoding NAIC; 1 LPN per Macro; Clustered Drops

	 
	Baseline
	NAIC
	Gains 

	CIO (dB)
	Mean Tput
(kbps)
	 50%  Tput
(kbps)
	 5%  Tput
(kbps)
	Mean Tput
(kbps)
	 50%  Tput
(kbps)
	 5%  Tput
(kbps)
	Mean (%)
	50%  (%)
	5%  
(%)

	0
	910.9
	660.9
	297.3
	1007.6
	696.0
	317.7
	10.6
	5.3
	6.9

	1
	906.8
	684.4
	307.0
	1006.1
	734.6
	333.9
	11.0
	7.3
	8.8

	2
	903.0
	701.3
	310.2
	1004.7
	755.9
	349.5
	11.3
	7.8
	12.7

	3
	893.7
	705.2
	314.8
	996.9
	767.0
	356.8
	11.5
	8.8
	13.3

	4
	882.2
	720.2
	313.7
	990.2
	798.7
	360.0
	12.2
	10.9
	14.8

	5
	869.9
	726.2
	268.4
	981.6
	821.3
	356.1
	12.8
	13.1
	32.7

	6
	858.8
	743.1
	248.3
	974.9
	829.0
	324.7
	13.5
	11.5
	30.8

	7
	847.5
	761.6
	209.8
	965.7
	842.7
	294.3
	13.9
	10.6
	40.3

	8
	836.3
	762.6
	167.2
	956.3
	851.0
	274.7
	14.3
	11.6
	64.3

	9
	830.4
	761.6
	127.9
	950.0
	855.1
	240.0
	14.4
	12.3
	87.6

	10
	821.1
	761.7
	59.6
	940.3
	865.6
	187.7
	14.5
	13.6
	214.9

	11
	814.0
	749.5
	3.8
	932.2
	853.7
	130.8
	14.5
	13.9
	 

	12
	809.5
	743.8
	0.0
	926.6
	840.4
	99.5
	14.5
	13.0
	 


It can be seen from Table y4 that even for the most favourable scenario of NAIC, the mean, median gains do not exceed 15% in all cases. Whether gains seen in such scenarios are significant enough to warrant the necessary receiver complexities is left for further discussion. If we compare performance across different CIO values, then the gains deteriorate even further.
Table y5 shows the performance gains when only the UEs in the range expansion region is considered. The range expansion region is defined as the region between a CIO=0dB to the applied CIO.

Table y5: Performance of UEs in RE region; Post Decoding NAIC; 1 LPNs per Macro; Clustered Drops

	
	Baseline
	NAIC

	CIO (dB)
	Mean Tput
(kbps)
	50%  Tput
(kbps)
	5%  Tput
(kbps)
	Mean Tput
(kbps)
	50%  Tput
(kbps)
	5%  Tput
(kbps)

	1
	1302.5
	1063.4
	517.0
	1962.6
	1450.7
	706.5

	2
	1145.8
	1046.6
	275.6
	1776.4
	1528.7
	365.5

	3
	951.6
	798.0
	228.4
	1532.2
	1254.5
	338.1

	4
	825.3
	723.5
	164.0
	1361.3
	1107.6
	258.4

	5
	746.3
	629.6
	82.5
	1279.4
	1033.3
	162.0

	6
	669.8
	553.5
	79.9
	1194.0
	958.3
	159.8


In Table y5, the values for CIO of 3dB in the baseline and CIO 6dB for NAIC are compared. This is because the CIO is expected to be increased when NAIC is enabled. As can be observed, the gains are not significant when such a comparison is made. Indeed, a loss at the cell edge can be observed.
A reason why the average gains do not seem more promising is that the geometry to the Macro cell for the LPN UE is usually lower than that of the Macro UE being scheduled. This is shown in Figure x2 where the CDFs of the two geometries are shown for a CIO of 9dB. 
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Figure x2: CDF of geometries to the Macro cell from the Macro UE and the LPN UE

It can be seen from Figure x2 that the geometry of the Macro UE is usually higher than the geometry of the LPN UE to the Macro cell. Therefore, the packet being scheduled to the Macro UE may not be decoded at the LPN. As a result, the gains remain limited.
[---------------------------------------------------------------- TEXT END --------------------------------------------------------------]
3
Conclusions

It is proposed to agree to and capture the text proposal on the system simulations on post-decoding NAIC as presented in this document to the UMTS Hetnet TR [2].
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