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1
Introduction

One of the remaining aspects to be studied for post-decoding NAIC is the performance in a system level framework. In this contribution we attempt to evaluate the overall performance of NAIC in a system simulation in a Hetnet framework.
2
NAIC Post Decoding IC Architecture
As presented in previous contributions [1,2], the architecture used to model NAIC is as follows.
The first stage-frontend can be composed of the legacy Type-3i or blind IC frontend. This is to make the new receiver architecture more compatible with the legacy one. Note that it processes all the cells individually including the serving and interfering cells, such that the signals in the interfering cells can be decoded and cancelled and the signals in the serving cell can also undergo decoding attempts. The first-stage frontend also delivers the channel estimation to the interfering cell decoding and cancellation part, to reconstruct the received waveforms of the interfering cells.
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Figure1: 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 the legacy Type-3i or blind IC. 

The 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.

For completeness, we show here the link level gains that could be obtained using the macro-LPN link architecture that was proposed in previous RAN1meetings.
Table 1: LPN UE throughput gain for the baseline NA-IC over the blind IC (%), where each row stands for the Pico UE location and each column stands for the Macro UE location
	 
	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12

	L1
	23.62%
	 
	 
	 
	 
	 
	4.99%
	15.68%
	39.19%
	18.37%
	35.29%
	49.96%

	L2
	16.85%
	19.56%
	 
	 
	 
	 
	2.80%
	8.69%
	26.64%
	6.65%
	24.74%
	43.86%

	L3
	10.04%
	12.27%
	14.26%
	 
	 
	 
	2.33%
	5.42%
	21.08%
	6.39%
	14.62%
	32.90%

	L4
	4.48%
	8.45%
	9.12%
	12.72%
	 
	 
	0.22%
	4.14%
	12.71%
	3.63%
	8.92%
	24.38%

	L5
	3.72%
	3.60%
	3.98%
	5.60%
	9.00%
	 
	0.11%
	2.10%
	5.03%
	2.30%
	4.13%
	13.19%

	L6
	-0.12%
	0.85%
	1.21%
	0.73%
	1.69%
	2.37%
	0.60%
	0.68%
	0.97%
	0.54%
	0.91%
	0.82%


As seen in Table 1, most of the gains stem from a situation where the Macro cell schedules low TBS to cell edge UE’s and the LPN UE is able to decode and cancel this interference. 

This suggests that the geometry to the Macro cell of the LPN UE should be greater than the geometry of the Macro UE to the Macro cell for there to be any gains. 

3
Interface to System Simulation
As pointed out earlier, the key element of the NAIC system is the ratio of the geometry to the Macro of the LPN UE and the Macro UE that is currently being served. In other words, for there to be meaningful gains, 
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The decoding rate can then be characterized by this two-dimensional geometry. We also define a term denoting the cancellation efficiency
[image: image3.wmf]b

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 
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location.
Based on this definition, we obtain the cancellation efficiency for various geometry pairs in Table 2.

Table 2: 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 2, 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 2 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 should be considered as an approximation but it is considered to be quite consistent and applicable on a first order basis to compute the system gains.

4
System Simulations

Using the cancellation efficiencies from Table 2, 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 3 and 4. 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 3: 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 2, 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 those cases. In any case, operating at smaller CIO values appears to be more beneficial than operating at high CIO values.
We also examine a scenario with a single LPN per Macro cell to have a baseline that does not offset as much offloading and also with lower ambient interference. This scenario can be argued to be the most favourable for post decoding NAIC performance and the results are shown in Table 4.
Table 4: 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 4 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 up for further discussion.

A reason why the 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 2 where the CDFs of the two geometries are shown for a CIO of 9dB. 
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Figure 2: CDF of geometries to the Macro cell from the Macro UE and the LPN UE

It can be seen from Figure 2 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 results, the gains remain limited.
5
Conclusions

In this contribution, system level simulations were conducted to show the performance of post decoding NAIC for the cases where there were 4 LPNs in a Macro cell and a single LPN in a Macro cell. The performance of NAIC were around 10% and 15% for the two cases respectively. 
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