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1
Introduction

In this document, we present our link analysis of the Restricted Resource Subframe (RRS) NA-IC scheme. Both modulation-restricted RRS and the code-restricted RRS are considered and their throughput performance is evaluated. The RRS scheme falls into the category of pre-decoding NA-IC, where the macro cell transmits restricted transport format on RRS subframes, and the LPN UE performs uses this knowledge for IC on these subframes.
2
Restricted Resource Subframe
Figure 1 shows one example of the RRS NA-IC scheme. In RRS NA-IC, a pre-configured TTI pattern will be negotiated by the RNC between the Macro and LPN(s). According to a certain TTI pattern, the Macro cell only transmits some restricted transport formats on some TTIs that are referred to as RRS subframes. On other TTIs (non-RRS subframes), there is no restriction on the transport format of the Macro. Depending on the resources being restricted, RRS can be further classified the modulation-restricted RRS and the code-restricted RRS, where the modulation order and the number of (HS-PDSCH) codes are restricted, respectively.
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Figure 1: Restricted Resource Subframe (RRS) NA-IC
On the LPN side, no modification is required. The LPN UE performs pre-decoding IC to cancel the interference from the Macro on the RRS subframes. It is conjectured that the restrictions (code and/or modulation) on the transport format of the Macro cell can improve the cancellation efficiency and link performance of the LPN UE with pre-decoding IC. On the non-RRS subframes, either LPN UE with Pre-decoding IC or LPN legacy UE can be scheduled. 
3
Link Performance of RRS in HetNet
In this part, we present the link performance of both modulation-restricted RRS scheme and the code-restricted RRS scheme on the RRS subframes. The resulting throughputs are compared against the non-RRS.
3.1 Simulation Assumptions

3.1.1 Heterogeneous Network Assumption

The Heterogeneous network assumption proposed in [1] is used in the link level simulation. The 12 possible UE locations (marked from L1 to L12) are shown in Figure 2.
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Figure 2: Simulation Scenario for the Heterogeneous Network

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 received signal power at each of the 12 UE locations, which is used in this simulation.

Table 1: Received signal powers at each UE location
	UE Location
	LPN Ior / Ioc [dB]
	Macro Ior / Ioc [dB]
	Macro2 Ior/Ioc [dB]

	L1
	5.2774
	18.555
	0.92192

	L2
	8.3307
	18.003
	0.66949

	L3
	12.144
	17.59
	1.1988

	L4
	16.951
	17.167
	1.6937

	L5
	23.603
	16.737
	2.1588

	L6
	34.812
	16.302
	2.5979

	L7
	-12.658
	24.273
	4.2725

	L8
	-10.256
	15.356
	1.9603

	L9
	-20.806
	6.9397
	4.8632

	L10
	-18.964
	15.547
	2.6975

	L11
	-20.781
	10.415
	7.7891

	L12
	-28.111
	3.8369
	10.577


3.1.2 Link Level Simulation Assumptions

The assumptions used in the link level simulation are summarized in Table 2 (modulation-restricted RRS) and Table 3 (code-restricted RRS).
Table 2: Link Level Simulation Assumptions for Modulation-Restricted RRS

	Parameter
	Value

	P-CPICH_Ec/Ior
	-10dB

	HS-PDSCH Ec/Ior
	-1.52dB

	Spreading factor for HS-PDSCH
	16

	Maximum Number of HS-PDSCH codes
	15

	Number of TX antenna
	1

	Number of RX antenna
	2

	TBS
	variable

	CQI-based Scheduler
	enabled

	CQI-Outerloop
	ON

	CQI Outerloop Target BLER
	10% (1st Transmission)

	CQI Feedback Cycle
	1 TTI

	CQI delay
	3 TTI

	CQI feedback error
	0 %

	HS-DPCCH ACK/NACK feedback error
	0%

	Channel Type
	PA3

	Channel Estimation
	Realistic

	Noise Estimation
	Realistic

	Number of HARQ Processes
	6

	Maximum Number of H-ARQ Transmission
	4

	UE Receiver Type
	Pre-decoding IC receiver

	Restricted Modulation of Macro on RRS
	QPSK

	Codes of Macro on RRS
	Unrestricted


Table 3: Link Level Simulation Assumptions for Code-Restricted RRS
	Parameter
	Value

	P-CPICH_Ec/Ior
	-10dB

	HS-PDSCH Ec/Ior
	-1.52dB

	Spreading factor for HS-PDSCH
	16

	Maximum Number of HS-PDSCH codes
	15

	Number of TX antenna
	1

	Number of RX antenna
	2

	TBS
	variable

	CQI-based Scheduler
	enabled

	CQI-Outerloop
	ON

	CQI Outerloop Target BLER
	10% (1st Transmission)

	CQI Feedback Cycle
	1 TTI

	CQI delay
	3 TTI

	CQI feedback error
	0 %

	HS-DPCCH ACK/NACK feedback error
	0%

	Channel Type
	PA3

	Channel Estimation
	Realistic

	Noise Estimation
	Realistic

	Number of HARQ Processes
	6

	Maximum Number of H-ARQ Transmission
	4

	UE Receiver Type
	Pre-decoding IC receiver

	Modulation of Macro on RRS
	Unrestricted

	Codes of Macro on RRS
	up to 10 codes and up to 5 codes, respectively


3.2 Simulation Results
3.2.1 Modulation-Restricted RRS

In this part, we present the simulation results for the link performance of the modulation-restricted RRS. Specifically, we restrict the modulation of the macro to QPSK on RRS subframes, and compare the throughput performance on the RRS subframes and non-RRS subframes.
Table 4: LPN UE throughput gain for Modulation (QPSK) Restricted RRS over non RRS (%), where each row stands for the LPN UE location and each column stands for the Macro UE location

	
	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12

	L1
	-3.528
	
	
	
	
	
	4.279
	0.844
	0.466
	0.629
	2.182
	-3.772

	L2
	2.881
	2.396
	
	
	
	
	0.637
	-0.330
	-2.189
	-1.864
	3.091
	1.355

	L3
	-0.727
	-0.408
	-0.301
	
	
	
	-1.689
	3.685
	-0.013
	3.021
	-0.927
	0.854

	L4
	0.332
	-0.401
	-0.417
	0.364
	
	
	1.185
	1.323
	-1.294
	1.433
	-2.042
	-0.203

	L5
	-0.516
	-0.956
	0.313
	2.329
	0.029
	
	-0.669
	-0.390
	0.494
	-0.972
	-0.415
	0.026

	L6
	-0.811
	0.836
	0.044
	-1.347
	-0.094
	0.627
	-1.623
	-0.004
	0.479
	-0.124
	0.008
	0.306


Table 4 shows the LPN UE throughput gain for the modulation-restricted RRS subframes over the non-RRS subframes. As shown in Table 4, no noticeable throughput gain for the LPN UE is observed as a result of the restricted modulation used by the Macro on RRS subframes.
Table 5: Macro UE throughput gain for Modulation (QPSK) Restricted RRS over non RRS (%), where each row stands for the LPN UE location and each column stands for the Macro UE location

	
	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12

	L1
	-43.95
	
	
	
	
	
	-65.55
	-49.52
	-16.86
	-51.11
	-33.14
	-4.55

	L2
	-45.18
	-46.62
	
	
	
	
	-65.55
	-49.95
	-15.56
	-51.23
	-33.21
	-3.86

	L3
	-44.23
	-46.51
	-43.49
	
	
	
	-65.48
	-49.87
	-16.82
	-51.12
	-32.79
	-5.67

	L4
	-44.00
	-46.32
	-42.86
	-38.82
	
	
	-65.62
	-49.09
	-15.90
	-51.17
	-33.24
	-4.44

	L5
	-44.34
	-46.86
	-43.43
	-39.16
	-31.94
	
	-65.57
	-49.71
	-14.94
	-51.29
	-34.28
	-1.49

	L6
	-44.55
	-46.82
	-43.13
	-37.31
	-31.52
	-8.51
	-65.35
	-48.40
	-15.21
	-51.24
	-33.56
	-1.10


Table 5 shows the Macro UE throughput gain for the modulation-restricted RRS subframes over the non-RRS subframes. It can be observed that the impact to the Macro UE throughput is significant when the Macro UE’s Macro geometry is high due to the modulation restriction on RRS subframes. However, such an impact becomes smaller when the Macro UE’s Macro geometry is low (e.g. Location L12, Macro cell edge UEs). 
Table 6: Sum (1 Macro & 1 LPN) throughput gain for Modulation (QPSK) Restricted RRS over non RRS (%), where each row stands for the LPN UE location and each column stands for the Macro UE location
	
	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12

	L1
	-35.77
	
	
	
	
	
	-56.47
	-40.35
	-11.78
	-41.98
	-24.89
	-4.26

	L2
	-32.09
	-33.55
	
	
	
	
	-53.01
	-37.20
	-10.22
	-38.71
	-21.77
	-1.42

	L3
	-28.16
	-29.99
	-27.24
	
	
	
	-48.71
	-31.88
	-8.61
	-33.05
	-19.40
	-1.93

	L4
	-23.52
	-25.73
	-22.76
	-19.45
	
	
	-42.96
	-27.06
	-7.28
	-28.96
	-17.17
	-1.62

	L5
	-20.45
	-22.23
	-19.06
	-15.18
	-11.78
	
	-38.15
	-24.17
	-4.65
	-25.64
	-14.33
	-0.37

	L6
	-18.28
	-18.78
	-16.78
	-14.12
	-10.15
	-0.61
	-34.65
	-20.34
	-3.94
	-22.33
	-11.86
	0.00


Table 6 shows the sum throughput gain for the modulation-restricted RRS subframes over the non-RRS subframes, assuming that there are 1 Macro and 1 LPN in the link level simulation. A similar trend is observed as shown in Table 5 that the sum throughput loss on RRS over non-RRS is smaller when a Macro UE near the cell edge is scheduled on RRS subframes.
Observation 1: For modulation-restricted RRS, the LPN UE does not show gain as a result of the restricted modulation used by the Macro on RRS subframes.

Observation 2: The impact of the modulation-restricted RRS to the Macro UE throughput is smaller when a Macro UE near the cell edge is scheduled on RRS subframes.
3.2.2 Code-Restricted RRS (up to 10 codes)
In this part, we present the simulation results for the link performance of the code-restricted RRS (up to 10 codes). Specifically, we restrict the number of codes used by the Macro up to 10 on RRS subframes, and compare the throughput performance on the RRS subframes and non-RRS subframes.
Table 7: LPN UE throughput gain for Code (up to 10) Restricted RRS over non RRS (%), where each row stands for the LPN UE location and each column stands for the Macro UE location
	
	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12

	L1
	13.57
	
	
	
	
	
	16.16
	16.02
	16.68
	16.62
	12.04
	12.28

	L2
	13.11
	13.46
	
	
	
	
	11.80
	11.27
	6.97
	9.30
	14.19
	11.98

	L3
	8.15
	7.54
	8.34
	
	
	
	8.73
	12.58
	11.26
	8.85
	7.82
	9.07

	L4
	4.72
	8.69
	7.26
	7.80
	
	
	8.31
	7.71
	7.26
	8.86
	6.15
	6.08

	L5
	5.56
	3.77
	3.59
	6.94
	5.51
	
	4.02
	5.85
	6.40
	4.66
	6.49
	5.50

	L6
	0.52
	0.97
	1.14
	0.42
	1.18
	0.61
	-0.82
	0.44
	0.21
	1.06
	1.01
	1.18


Table 7 shows the LPN UE throughput gain for the code-restricted (up to 10) RRS subframes over the non-RRS subframes. As shown in Table 7, unlike the modulation restriction, the restrictions on the number of HS-PDSCH codes used by the Macro on RRS subframes can benefit the LPN UE throughput. From Table 7, one can see that the LPN UE located closer to the Macro can benefit more from this code-restriction since the interference seen is lesser. 
Table 8: Macro UE throughput gain for Code (up to 10) Restricted RRS over non RRS (%), where each row stands for the LPN UE location and each column stands for the Macro UE location
	
	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12

	L1
	-21.72
	
	
	
	
	
	-28.76
	-22.62
	-18.59
	-23.39
	-21.42
	-15.94

	L2
	-23.29
	-20.38
	
	
	
	
	-28.98
	-23.66
	-17.38
	-23.19
	-21.07
	-16.87

	L3
	-21.68
	-21.02
	-20.53
	
	
	
	-28.64
	-23.33
	-19.85
	-23.49
	-21.34
	-19.45

	L4
	-21.27
	-21.20
	-19.55
	-19.19
	
	
	-28.92
	-22.59
	-17.67
	-23.34
	-22.09
	-16.75

	L5
	-21.94
	-21.84
	-20.55
	-20.62
	-19.20
	
	-28.91
	-23.43
	-18.78
	-23.68
	-22.25
	-14.77

	L6
	-22.52
	-21.45
	-20.79
	-17.12
	-18.82
	-11.32
	-28.43
	-22.66
	-17.77
	-23.90
	-22.02
	-13.62


Table 8 shows the Macro UE throughput gain for the code-restricted (up to 10) RRS subframes over the non-RRS subframes. In general, the Macro UE throughput is reduced on RRS subframes due to the restrictions on the maximum number of codes that can be used by the Macro. Similar to Table 5, it is observed that the Macro UE throughput loss is smaller when a Macro UE located near the cell edge (e.g. Location L12) is scheduled on RRS subframes. 
Table 9: Sum (1 Macro & 1 LPN) throughput gain for Code (up to 10) Restricted RRS over non RRS (%), where each row stands for the LPN UE location and each column stands for the Macro UE location
	
	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12

	L1
	-14.59
	
	
	
	
	
	-22.92
	-15.59
	-8.25
	-16.33
	-13.61
	-5.38

	L2
	-13.38
	-11.36
	
	
	
	
	-21.26
	-14.68
	-7.66
	-14.95
	-9.96
	-3.37

	L3
	-10.66
	-10.79
	-9.66
	
	
	
	-18.81
	-11.26
	-4.65
	-12.70
	-9.08
	-3.08

	L4
	-9.27
	-7.80
	-6.85
	-5.85
	
	
	-16.29
	-9.34
	-2.96
	-9.74
	-7.54
	-1.56

	L5
	-6.95
	-8.10
	-7.10
	-4.69
	-3.62
	
	-15.00
	-8.27
	-1.99
	-9.24
	-5.32
	0.21

	L6
	-8.68
	-8.26
	-7.40
	-5.81
	-5.22
	-1.00
	-15.12
	-9.27
	-4.85
	-9.78
	-7.13
	-2.06


Table 9 shows the sum (1 Macro & 1 LPN) throughput gain for the code-restricted (up to 10) RRS subframes over the non-RRS subframes. Compared with Table 6, in general, the sum throughput loss is not as large as seen in the QPSK-restriction RRS as shown in Table 6. One reason is that the restriction of up to 10 codes does not exhibit such a large impact to the Macro UE throughput as the QPSK modulation restriction. 
3.2.3 Code-Restricted RRS (up to 5 codes)

In this part, we further extend the link level simulation of the code-restricted RRS to the case where only up to 5 codes can be used by the Macro on RRS subframes.
Table 10: LPN UE throughput gain for Code (up to 5) Restricted RRS over non RRS (%), where each row stands for the LPN UE location and each column stands for the Macro UE location
	
	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12

	L1
	28.29
	
	
	
	
	
	27.35
	31.36
	31.20
	32.28
	27.95
	28.01

	L2
	27.09
	25.11
	
	
	
	
	25.74
	22.08
	20.86
	23.07
	27.94
	26.27

	L3
	19.16
	21.13
	20.39
	
	
	
	21.32
	24.02
	23.54
	23.17
	17.49
	17.84

	L4
	16.36
	18.75
	17.79
	17.55
	
	
	19.81
	16.11
	16.43
	17.73
	15.13
	16.51

	L5
	12.58
	10.57
	10.29
	11.25
	11.25
	
	11.38
	11.10
	12.43
	11.65
	13.20
	12.40

	L6
	1.50
	2.48
	2.02
	0.47
	1.58
	2.52
	1.29
	2.07
	1.15
	1.92
	1.80
	2.67


Table 10 shows the LPN UE throughput gain for the code-restricted (up to 5) RRS subframes over the non-RRS subframes. Compared with Table 7, large throughput gains for the LPN UE are observed when the number of codes used by the Macro is further limited to 5. However, undoubtedly, the impact to the Macro UE throughput on RRS subframes will be greater in accordance with the more stringent restriction on the number of codes available to the Macro, as shown in Table 11.
Table 11: Macro UE throughput gain for Code (up to 5) Restricted RRS over non RRS (%), where each row stands for the LPN UE location and each column stands for the Macro UE location
	
	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12

	L1
	-80.16
	
	
	
	
	
	-87.58
	-81.55
	-60.49
	-82.07
	-73.26
	-45.07

	L2
	-80.55
	-81.11
	
	
	
	
	-87.57
	-81.43
	-60.08
	-82.04
	-73.25
	-44.53

	L3
	-80.14
	-81.10
	-80.73
	
	
	
	-87.61
	-81.40
	-60.89
	-82.06
	-73.60
	-46.52

	L4
	-80.38
	-81.53
	-80.76
	-79.57
	
	
	-87.63
	-81.46
	-59.12
	-82.21
	-73.44
	-44.97

	L5
	-80.29
	-81.58
	-81.23
	-79.77
	-74.03
	
	-87.59
	-81.56
	-60.58
	-82.10
	-73.72
	-44.48

	L6
	-80.34
	-82.59
	-80.76
	-79.55
	-74.91
	-42.37
	-87.56
	-81.16
	-59.03
	-82.78
	-73.44
	-43.72


Table 11 shows the Macro UE throughput gain for the code-restricted (up to 5) RRS subframes over the non-RRS subframes.
Table 12: Sum (1 Macro & 1 LPN) throughput gain for Code (up to 5) Restricted RRS over non RRS (%), where each row stands for the LPN UE location and each column stands for the Macro UE location
	
	L1
	L2
	L3
	L4
	L5
	L6
	L7
	L8
	L9
	L10
	L11
	L12

	L1
	-58.22
	
	
	
	
	
	-72.64
	-60.99
	-33.61
	-61.89
	-49.64
	-17.72

	L2
	-51.23
	-52.80
	
	
	
	
	-66.12
	-54.82
	-27.77
	-55.38
	-41.37
	-11.40

	L3
	-43.46
	-44.47
	-42.68
	
	
	
	-58.97
	-45.99
	-19.63
	-46.94
	-35.30
	-9.59

	L4
	-35.69
	-36.57
	-34.08
	-31.56
	
	
	-51.19
	-38.82
	-14.54
	-40.02
	-27.81
	-4.06

	L5
	-29.67
	-32.14
	-30.23
	-27.16
	-20.24
	
	-45.78
	-33.58
	-11.91
	-34.31
	-22.51
	-2.47

	L6
	-31.20
	-32.54
	-30.24
	-27.95
	-22.89
	-3.54
	-44.75
	-32.90
	-15.81
	-34.87
	-24.81
	-7.49


Table 12 shows the sum (1 Macro & 1 LPN) throughput gain for the code-restricted (up to 5) RRS subframes over the non-RRS subframes.

Observation 3: For the code-restricted RRS, the LPN UE can benefit from the reduced number of HS-PDSCH codes used by the Macro on RRS subframes.
Observation 4: Based on the comparison between Table 10 and Table 7, it can be seen that a smaller number of the HS-PDSCH codes used by the Macro on RRS subframes gives rise to a larger LPN UE throughput gain.

Observation 5: The impact of the code-restricted RRS to the Macro UE throughput is smaller when a Macro UE near the cell edge is scheduled on RRS subframes.
4     Conclusion

In this document, we presented the link level analysis of the Restricted Resource Subframe (RRS) NAIC scheme. The throughput performance of both the modulation-restricted RRS and the code-restricted RRS was studied. It was shown that the LPN UE does not noticeably benefit from the modulation restriction of the Macro. Therefore, the code-restricted RRS is preferred to the modulation-restricted RRS for the LPN UE. However, it should be noted that there were no gains seen when sum-throughput was considered. It may be possible to optimize the scheduler to minimize the impact on the Macro cell throughput.
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