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1
Introduction

In this document, we present updated results on the new UE topology, and the throughput comparison among the type-3i receiver, blind-IC without network assistance, and the NA-IC. 

2
NA-IC and Blind IC Procedure
2.1
NA-IC Procedure
The high level block diagram of an NA-IC receiver is shown in the Figure 1. 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.
2.1.1 Baseline NA-IC

As a baseline architecture, we consider a NA-IC scheme wherein the interference cancellation at the LPN UE is performed only when the CRC for the interfering cell passes. However, when the CRC fails, we do not perform interference cancellation and the input to the 2nd stage frontend is the original received signal. We note that when CRC for the interfering cell fails, we do not exploit the knowledge of common SCCH channel. We refer to this scheme as the baseline `NA-IC’.
2.2
Blind IC 

Instead of decoding the interference HS-PDSCH, blind IC uses the estimated soft symbols in the demodulator to reconstruct the waveform and then perform the cancellation. We propose to use blind IC as a new baseline for further study.

3
Comparison between Type-3i, Blind IC, and NA-IC
3.1
Heterogeneous Network Scenario
The same Heterogeneous network assumption as that in our last contribution [1] is used, as shown in Figure 2. The same 12 possible UE locations are used as shown in Figure 2 (marked from L1 to L12). 
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Figure2: Simulation Scenario for the NA-IC
A hexagonal cell structure is assumed with ISD = 500 meters, and one Macro is located at the origin O. Assume point A lies at the vertex of the hexagon, with the distance OA 288 meters. Further, consider that the Pico is located at the mid-point of OA, with the distance to the Macro 144 meters. 
Table 1 shows the coordinates and the receiver signal power at each UE location as follows, without shadowing. Note that this is different from [1] where the received signal powers were determined based on shadowing enabled in the simulation assumptions.
Table 1: Coordinates and received signal powers at each UE location

	UE Location
	Coordinates
	LPN Ior / Ioc [dB]
	Macro Ior / Ioc [dB]
	Macro2 Ior/Ioc [dB]

	L1
	[57.17, -99.02]
	7.901
	19.819
	2.186

	L2
	[59.67, -103.35]
	10.972
	19.285
	1.652

	L3
	[62.17, -107.68]
	14.849
	18.936
	1.975

	L4
	[64.67, -112.01]
	19.753
	18.611
	2.433

	L5
	[67.17, -116.34]
	26.496
	18.272
	2.852

	L6
	[69.67, -120.67]
	37.789
	17.92
	3.234

	L7
	[0, -250/3]
	-10.585
	24.986
	4.986

	L8
	[0, -500/3]
	-6.723
	17.529
	0.748

	L9
	[0, -750/3]
	-15.826
	10.56
	1.744

	L10
	[-125/sqrt(3), -125]
	-15.595
	17.557
	3.583

	L11
	[-125/sqrt(3), -625/3]
	-17.579
	12.258
	3.657

	L12
	[-250/sqrt(3), -250],
	-25.504
	5.081
	5.081


3.2
Blind IC and Type-3i Receiver Throughput Comparison

The throughput comparison is performed between blind IC without network assistance and the Type-3i receiver. More specifically, the following tables show the LPN UE throughput gain of the blind IC over the Type-3i receiver. It is seen that the gain of blind IC decreases as the LPN UE moves from the Macro to the LPN, since the Macro interference becomes weaker.
Also, it is seen that, given the LPN Pico UE location, the sum throughput gain increases as the Macro UE is moving from L10 to L12. This is because that the LPN UE gain keeps the same, but the Macro UE throughput decreases as the Macro UE moves from L10 to L12.
Table 2: LPN UE throughput gain for blind IC over the type-3i receiver (%), 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
	52.97
	 
	 
	 
	 
	 
	52.97
	52.97
	52.97
	52.97
	52.97
	52.97

	L2
	43.09
	43.09
	 
	 
	 
	 
	43.09
	43.09
	43.09
	43.09
	43.09
	43.09

	L3
	37.60
	37.60
	37.60
	 
	 
	 
	37.60
	37.60
	37.60
	37.60
	37.60
	37.60

	L4
	35.52
	35.52
	35.52
	35.52
	 
	 
	35.52
	35.52
	35.52
	35.52
	35.52
	35.52

	L5
	25.23
	25.23
	25.23
	25.23
	25.23
	 
	25.23
	25.23
	25.23
	25.23
	25.23
	25.23

	L6
	5.67
	5.67
	5.67
	5.67
	5.67
	5.67
	5.67
	5.67
	5.67
	5.67
	5.67
	5.67


Table 3: Sum UE throughput gain for blind IC over the type-3i receiver (%), 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
	12.00
	 
	 
	 
	 
	 
	6.46
	5.14
	11.17
	7.84
	11.56
	19.43

	L2
	13.52
	18.55
	 
	 
	 
	 
	7.90
	7.02
	13.26
	9.56
	13.46
	21.29

	L3
	15.19
	19.76
	28.91
	 
	 
	 
	9.61
	9.17
	15.42
	11.52
	15.47
	22.82

	L4
	17.38
	21.47
	29.34
	36.32
	 
	 
	11.87
	11.90
	18.06
	14.03
	17.97
	24.79

	L5
	15.47
	18.67
	24.68
	29.54
	35.48
	 
	11.11
	11.01
	15.67
	12.77
	15.69
	19.96

	L6
	5.77
	7.74
	11.46
	13.90
	16.29
	13.65
	3.78
	2.82
	4.63
	4.06
	4.97
	5.48


3.3
NA-IC and Blind IC Receiver Throughput Comparison

3.3.1 Comparison of baseline NA-IC with blind IC w.r.t UE location
The throughput comparison is performed between the NA-IC and the blind IC without network assistance. Note that at some locations the sum UE throughput decreases for the NA-IC. This is because that, for the NA-IC, -10dB of Macro UE power has been assigned to the common HS-SCCH to broadcast the coding information of the Macro interference to facilitate the interference decoding. The common HS-SCCH power reduces the available Macro HS-PDSCH power. In other words, the HS-PDSCH power with NA-IC is 10% total power lower than that without NA-IC. 
The interference decoding success probability is shown in Table 6. The interference decoding probability increases as the Macro UE moves from L10 to L12, since the Macro UE TBS decreased and thus becomes easier to decode.
Table 4: 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
	23.70
	 
	 
	 
	 
	 
	3.87
	15.44
	39.49
	19.22
	 
	51.38

	L2
	17.40
	19.73
	 
	 
	 
	 
	2.82
	8.71
	27.28
	6.65
	26.07
	43.82

	L3
	9.95
	12.16
	14.09
	 
	 
	 
	2.37
	4.65
	20.62
	6.22
	14.75
	32.75

	L4
	4.49
	8.56
	9.12
	12.83
	 
	 
	0.13
	4.15
	12.25
	2.98
	8.91
	24.61

	L5
	2.30
	3.78
	4.33
	5.35
	8.39
	 
	-0.10
	0.69
	5.15
	 
	3.75
	14.99

	L6
	 
	0.87
	1.88
	0.71
	1.38
	2.66
	0.35
	0.91
	1.18
	 
	 
	0.59


Table 5: Sum 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
	0.15
	 
	 
	 
	 
	 
	-2.11
	-2.03
	5.87
	-0.89
	
	15.19

	L2
	-0.22
	1.39
	 
	 
	 
	 
	-2.80
	-1.56
	5.22
	-2.25
	3.44
	16.82

	L3
	0.06
	0.95
	2.33
	 
	 
	 
	-2.10
	-1.95
	4.79
	-1.00
	2.13
	15.20

	L4
	-1.03
	0.83
	1.50
	4.53
	 
	 
	-2.49
	-1.16
	3.65
	-1.48
	1.93
	14.91

	L5
	-1.19
	-0.61
	-0.16
	1.11
	3.07
	 
	-2.03
	-1.84
	0.44
	 
	-0.20
	8.81

	L6
	 
	-1.51
	-3.29
	-0.93
	-1.04
	2.55
	-0.95
	-1.45
	-0.75
	 
	 
	-1.22


Table 6: LPN UE correct decoding probability (%), 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
	68.69
	 
	 
	 
	 
	 
	41.04
	63.24
	89.88
	64.23
	84.95
	98.77

	L2
	62.69
	67.89
	 
	 
	 
	 
	34.57
	55.27
	84.75
	55.04
	78.88
	97.39

	L3
	55.04
	61.91
	66.27
	 
	 
	 
	29.65
	47.30
	77.82
	48.37
	71.73
	94.86

	L4
	46.12
	52.59
	60.75
	67.59
	 
	 
	23.41
	39.74
	69.99
	40.47
	62.47
	89.96

	L5
	30.77
	38.58
	46.92
	55.27
	68.17
	 
	13.68
	26.86
	56.10
	26.07
	49.35
	82.73

	L6
	3.93
	6.45
	9.92
	15.65
	24.77
	65.07
	1.19
	2.81
	11.60
	 
	9.26
	38.63


3.3.3 Comparison w.r.t. LPN CIO

The following figure shows the mean of the sum UE throughput corresponding to different CIOs, for both the blind IC without network assistance and the NA-IC.
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Figure 3: The LPN UE throughput gain corresponding to different LPN UE location for different CIOs
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Figure 4: The sum UE throughput gain corresponding to different LPN UE location for different CIOs
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Figure 5: The sum UE throughput gain corresponding to different LPN UE location for different CIOs
From the above results for the sum UE throughput and the LPN UE throughput, we have the following observations for the per-cell CIO:

· There is no significant gain, in terms of the mean of the sum UE throughput, for NA- IC over the blind IC

· The significant gain for the LPN UE happens if one UE is served by the Pico in the strong Macro interference zone, and the other UE is served by the Macro in a zone that cannot be served by the Pico but is far from the Macro

4
Conclusion

In this contribution, the link performance of Type-3i, Blind IC and NA-IC was compared in a 2-UE, 3-cell (2 Macros + Pico) based link level simulation. The performance was based on a modified Ior/Ioc when shadowing was removed. A comparison of the results between the Type-3i, blind IC without network assistance, and NA-IC receivers are presented. While some gain was observed due to NA-IC over Blind IC for the pico UE in a few locations, the sum throughput gain was insignificant at all combinations of macro and pico UE locations. Further system performance evaluation is needed before we can conclude on the technical merit of NA-IC.
4
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