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1
Introduction

In this document, we present a preliminary discussion on the network-assisted interference cancellation (NA-IC) in HetNets. Some discussion points necessary to conclude the benefit of NA-IC will be outlined. In addition, reference architecture of the NA-IC receiver, a simulation framework to assess the gain of NA-IC and potential performance metrics are also presented.
2
Aspects Of Network Assisted IC
2.1
Description of NA-IC

It would be beneficial to first define the concept of NA-IC to expedite discussion. We assume that NA-IC receiver performs the following steps in order:

1. Decoding of the HS-PDSCH from one or more interfering cell(s)
2. Reconstruction and cancellation of the HS-PDSCH waveforms from the received signal
3. Decode the desired HS-PDSCH from its serving HS-DSCH cell.

2.2
Additional overhead channel
Decoding of the HS-SCCH channel is a pre-requisite to the decoding of the HS-PDSCH Since the transmission of the HS-SCCH is not targeted to the NA-IC UE, the UE cannot always decode the HS-SCCH from the interfering cell(s). Therefore, the network needs to transmit additional HS-SCCH with a common H-RNTI so that the NA-IC UE can decode the HS-SCCH from interfering cell(s). Additional power consumed for common HS-SCCH should be taken into account when the gain of NA-IC is assessed.
2.3
Control channel performance

The NA-IC UE would be able to support HSDPA in more harsh interfering conditions compared to legacy UEs. However, it should be noted that most of control channels including F-DPCH (or DPCH), E-HICH, E-RGCH, E-AGCH or HS-SCCH may not be able to benefit from interference cancellation due to the processing delays (restriction in time) and implementation complexities. 
As a result, it is expected that the required Ec/Ior for each control channel would be larger for the scenarios when there is a strong interferer, which is the best use case of NA-IC. Additional power needed for the control channels should also be taken into account when the gain of NS-IC is assessed.
2.4
Gain over IC without network assistance

Considering that the IC or other advanced receiver not requiring network assistance is also feasible in the legacy system without requiring any change, the gain of NA-IC needs to be compared against IC without network assistance, e.g., a pre-decoding IC receiver.
3
The Receiver Architecture
In this section, a reference receiver architecture for the NA-IC is presented for further discussion. The high level block diagram of an NA-IC is shown in the Figure 1. The entire processing consists of four main parts, the first-stage frontend, the interfering channel decoding and cancellation block, the second-stage frontend, and the serving cell HS-PDSCH decoding and CQI feedback. In the following we elaborate on these aspects.

3.1
First-stage frontend

The first stage-frontend can be composed of the legacy Type-3i or pre-decoding 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 the NA-IC
3.2
Interfering cell decoding and cancellation

The interfering cell decoding and cancellation part consist of the following blocks. 
· Common HS-SCCH decoding: this is to extract the information for decoding the HS-PDSCH from interfering cell(s), for example, the TBS, the puncturing pattern, and the HARQ.

· HS-PDSCH decoding: based on the information provided from the common HS-SCCH, the receiver can decode the information bits of the HS-PDSCH from interfering cell(s). Once the CRC is successful, the UE cancels the interference due to HS-PDSCH.
· Reconstruction: based on the decoded information bits, the coded symbols of the HS-PDSCH and the common HS-SCCH can be reconstructed via the re-encoding and re-modulation. The HS-PDSCH reconstruction is performed only when the CRC for interfering cell(s) passes.
· Interfering cell cancellation: We subtract reconstructed waveforms from the received waveforms, to cancel the HS-PDSCH of the interfering cell(s). 
3.3
Second-stage frontend

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 pre-decoding IC. 
3.4
Serving cell HS-PDSCH decoding and CQI feedback

Decoding of the desired HS-PDSCH from the serving cell can be attempted in two places; after the first-stage frontend before the interfering cell cancellation and after the second-stage frontend after the interfering cell cancellation. These two attempts are called the 1st stage decoding and the 2nd stage decoding. The 1st stage decoding will pass the CRC information to the 2nd stage decoding. The 2nd decoding trial is performed only when the 1st stage decoding fails.

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. 
4
The Simulation Scenario
4.1
Heterogeneous Network Assumption
The simulation scenario for the NA-IC performance analysis is shown in Figure 2. We assume a network model with 57 Macros. In one of the macro cell regions, one LPN has been dropped. This is a simplified HetNet model between one LPN and one dominant macro with outer cell interference (from other 56 macros). 12 possible UE locations are created and shown in Figure 2 (marked from L1 to L12). In the following we elaborate the network layout and UE locations.
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Figure2: Simulation Scenario for the NA-IC
4.1.1
Network Layout
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. 
4.1.2
UE Locations
The selection of UE locations is based on the following two criteria. First, some locations can only be served by the Macro, and others can be served by both the Macro and the LPN. Second, for the UE locations that can be served by both the Macro and the LPN, the value (Ior/Ioc)LPN - (Ior/Ioc)macro should vary in a wide range, from smaller than -10dB to larger than 10dB.
Based on the above two criteria, we assume 12 UE locations, where 6 locations L1, L2, …, L6 lie on the line connecting the Macro (O) and LPN, and other 6 locations L7, L8, …, L12 are scattered in the lower part of the hexagon. Assume that the distances between locations L1, L2, …, L6 and the Macro are 30m, 25m, …, 5m, respectively; and the other 6 locations L7, L8, …, L12 are scattered in the triangle OAB where B is another vertex of the hexagon. The locations of L7, L8, …, L12 are shown below.
	UE Location
	Coordinates

	L7
	[0, -250/3]

	L8
	[0, -500/3]

	L9
	[0, -750/3]

	L10
	[-125/sqrt(3), -125]

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

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


Note that location L1, L2, …, L6 can be served by both the Macro and the LPN depending on the CIO, but locations L7, L8, …, L12 can only be served by the Macro.
4.2
Link-level Mapping
We assume the Macro (O) and the LPN that transmits with its full power, and all other Macros transmit with only 20% of the total power (unloaded). We pick out one additional interfering Macro cell with the maximum interference to each location among other 56 Macro cells. This additional Macro cell is modelled in the link-level simulator as an interfering cell; and all other 55 Macro cells are considered to be as the part of additive white Gaussian noise. In the following, the Ior/Ioc for all the three cells under consideration is listed, where the Macro denotes the Macro cell at the origin (O) and the Macro2 denotes the additional Macro interferer. 
Note that for the location L7, L8, …, L12, the Ior/Ioc for LPN is smaller than -10dB, we constrain that the UE at those locations can only be served by the Macro. We consider different LPN CIOs, corresponding to different LPN serving area SLPN and the Macro serving area SM. 
Two UEs are simulated, one dropped into one of the locations in the LPN serving area SLPN and the other dropped into one of the locations in the Macro serving area SM. Each UE will be scheduled from each cell based on the reported CQI.
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


4.3
Performance Metrics
We consider the following two types of receivers for the UE:  
· Receiver with pre-decoding IC
· Network-assisted IC
Note that the UE in the macro serving area SM would not benefit from NA-IC. Below, we list the metrics that are relevant to evaluate the performance benefit of NA-IC: For a given LPN cell CIO, if the UEs in the LPN serving area SLPN decode and cancel the Macro cell interference, the following performance metrics are to be recorded:
· the improvement of the CQI obtained from the CPICH that is the output of the second-stage, compared with that obtained from the output CPICH of the first-stage frontend;
· the improvement of the sum throughput of both UEs, over a pre-decoding IC receiver;
· the improvement of the throughput of the LPN UEs, over the a pre-decoding IC receiver.
By varying the LPN CIO, the following metrics can be recorded:
· LPN serving area range extension brought by the NA-IC. Assuming a certain target UE throughput metric, e.g., the sum UE throughput or the minimum UE throughput. We evaluate this metric for various LPN CIOs and find the optimal LPN CIO that maximizes this metric. Range extension is observed if the optimal LPN CIO of the NA-IC is larger than that of the pre-decoding IC, and the metrics of the NA-IC UEs are also larger than that of the pre-decoding IC.
· The improvement of the maximum sum throughput for a given CIO, compared to the pre-decoding IC.
5
Conclusion
In this contribution, some discussion points necessary to evaluate the benefit of NA-IC have been discussed. In addition, a reference architecture of an NA-IC receiver, a simulation framework to assess the gain of NA-IC and potential performance metrics have been also presented.
PAGE  
1

