3GPP TSG-RAN WG1 #45 Meeting                       
R1- 061543

Shanghai, China, May 8-12, 2006
Agenda item: 
11.2.2

Source: 
RITT, Huawei

Title: 
Combination of ICI cancellation and coordination: performance and TP

Document for:
Decision

1. Introduction

In the current TR 25.814 Section 7.1.2.6, some approaches are considered for inter-cell interference (ICI) mitigation including ICI randomisation, ICI cancellation, ICI co-ordination/avoidance and beam-forming antenna techniques. Interleaved Division Multiple Access (IDMA) is considered as an approach to ICI randomisation and cancellation based on detection/subtraction of the inter-cell interference.
In [1]-[3], the principle of IDMA-based interference randomisation and cancellation was introduced. The simulations in [2] suggest that, with regards to inter-cell-interference randomisation, cell-specific scrambling and cell-specific interleaving (IDMA) basically have the same performance. Further interference-mitigation performance improvement could be obtained if iterative multi-cell detection is used at receivers. The link-level simulation results in [2] show that the iterative receiver in IDMA-based systems can achieve a substantial BLER performance gain over the single-cell detection, whereas no improvement is obtained in scrambling-based systems. In [5][13], further simulation results were given, including the system-level performance and the link-level performance with different chunk sizes, SINR values,  coding rates and real channel estimation. In [6]-[9], requirements of IDMA-based ICI cancellation were identified. And a hybrid approach combining ICI cancellation and coordination was proposed in [10]-[11].

In the RAN1#44-bis meeting, a contribution was presented [13], in which a 50% throughput gain in the “cell edge” area is observed with ICI cancellation. In this meeting, the evaluation results for ICI coordination were also summarized in [14], in which over 100% “cell edge” throughput gain can be achieved. Hence it can be concluded that the ICI coordination should be adopted as a primary ICI mitigation approach with a uniformly UE/load distribution. However, in a practical deployment scenario, more complicated load distributions should be considered. When a majority of load requirement takes place in cell edge, the maximum throughput achieved with ICI coordination will be constrained due to the limit of frequency resource. In this case, the ICI cancellation can help because the frequency allocation is not limited.

Therefore, ICI cancellation can be employed as a valuable complementarity to ICI coordination. The principle of the combination of ICI cancellation and coordination was introduced in [10]-[11]. In this paper, we provide the evaluation results in the specific load distribution scenario.

The simulation results suggest that, in some specific deployment scenarios, the combination of ICI cancellation and coordination can provide higher “cell edge” throughput than merely employing ICI coordination. The effect of demodulation/decoding errors of control channel of the strongest interfering cell is also analysed.

2. Load distribution scenarios for simulation 
Here we consider scenarios in which a majority of bandwidth requirement takes place in a common cell edge of two neighbouring cells. In this case, both the two cells hope to allocate all frequency resource (20MHz) to the cell edge. Three scenarios are considered:

Scenario 1: Only employing ICI cancellation at the cell edge;

Scenario 2: Only employing ICI coordination at the cell edge;

Scenario 3: Employing combination of ICI cancellation and coordination at the cell edge.

2.1. Scenario 1: Only employing ICI cancellation

In Figure 1, we focus on the common cell edge of cell 1 (serving cell) and cell2, shown as the shadow area. When ICI cancellation is employed, the neighbouring cells can use the overlap frequency resource. Hence when high throughput is desired at the cell edge, both the two neighbouring cells can allocate 20MHz to this area, as shown in Figure1. Meanwhile, the third neighbouring cell can also use all frequency resource (20MHz) freely in its edge area. 
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Figure1. Load distribution at cell edge for only employing ICI cancellation

2.2. Scenario 2: Only employing ICI coordination

In Figure 2, we still focus on the common cell edge of cell 1 (serving cell) and cell2, shown as the shadow area. When ICI coordination is employed, the neighbouring cells cannot use the overlap frequency resource. Hence even when high throughput is desired at the cell edge, the two neighbouring cells cannot allocate 20MHz to this area. If considering to divide the overall frequency resource into two equal-size bands: Band A and Band B, as shown in Figure2, cell 1 and cell 2 can only use one of the two bands (each is 10MHz large). Meanwhile, the third neighbouring cell cannot use any frequency resource in its edge area according to ICI coordination operation.
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Figure 2. Load distribution at cell edge for only employing ICI coordination

2.3. Scenario 3: Employing combination of ICI cancellation and coordination

In this scenario, the combination of ICI cancellation and coordination is considered. As introduced in [10], we divide the overall bandwidth into two segments, respectively for ICI cancellation and coordination. The ICI cancellation segment is named as “Band A” (10MHz) in Figure 3. The ICI coordination segment (10MHz) is further divided into two bands: Band B and Band C. Cell 1 and cell 2 can only use one of the two bands (each is 5MHz large). Thus each cell can use 15MHz (10 MHz for ICI cancellation and 5MHz for coordination) at the common “cell edge”. Meanwhile, the third neighbouring cell can still use the 10MHz Band A (ICI cancellation segment).
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Figure 3. Load distribution at cell edge for combination of ICI cancellation and coordination

2.4. Discussion

In the above three scenarios, the maximum frequency resource that can be allocated to the specific “cell edge” are different. When only ICI coordination is employed, up to 10MHz can be used in each side of the common “cell edge”, thus the achievable throughput would be limited. When ICI cancellation is employed, up to 20MHz can be used in each side of the “cell edge”, thus maximum throughput is expected. However, as introduced in [6]-[9], some other requirements need to be met for the IDMA-based ICI cancellation. Hence the combination of ICI cancellation and coordination proposed in [10]-[11] is an agreeable approach to achieve a higher “cell edge” throughput in the practical deployment than merely employing ICI coordination. In the example in Figure 3, up to 15MHz can be used in each side of the “cell edge”, thus achievable throughput should be between the pure cancellation and pure coordination scenarios. 

3. Simulations and analysis 
3.1. Simulation assumptions

The simulations are based on the following assumptions. 

 Table 1, Link-level simulation assumptions

	The number of BSs 
	K = 2

	Channel Model
	ITU. M 1225E channel model, Vehicular A, Block fading

	Coding scheme
	Turbo code (11,13), Coding rate=1/2 for both UEs
MAP decoding algorithm

	Detection Algorithm
	GMCE (Generalized Minimized Cross Entropy [4])

	Iteration number (out loop 
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Table 2, System-level simulation assumptions

	Bandwidth
	20 MHz

	Chunk size
	50 subcarriers (=2 PRBs)

	Number of chunks
	24

	Site-to-site distance
	1000 m

	Channel Models
	Pedestrian B, Vehicular A, Typical Urban

	Modulation scheme and Channel coding rate
	QPSK (R = 1/4, 1/2, 3/4),

16QAM (R = 1/2, 5/8, 3/4),
64QAM (R = 5/8, 3/4)

	UE speed
	3 Kmph

	CQI Reporting delay
	1.0 msec (2 TTIs)

	CQI Measurement and Decoding Errors
	No Errors

	Scheduling algorithm
	Proportional Fair

	Target BLER
	10%

	Round trip delay in hybrid ARQ
	3.0 msec (6 TTI)

	Packet combining method in hybrid ARQ
	Chase combining

	Maximum Number of Retransmissions
	2

	Number of antennas
	1 transmitter, 2 receiver

	Traffic model
	Full queue traffic

	Cellular layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Frequency reuse
	1

	Minimum distance between UE and cell site
	35 m

	Antenna pattern
	70-degree sectored beam

	Total BS Tx power
	46 dBm for 10 MHz

	Distance dependent path loss
	128.1 + 37.6log10(r)

	Penetration loss
	20 dB

	Shadowing standard deviation
	8 dB

	Shadowing correlation between cells / sectors
	0.5 / 1.0


 The cell edge area is defined with the maximum geometry values 0 dB. And IDMA-based ICI cancellation is only used when the strongest interfering cell dominates the overall ICI, as introduced in Section 3.4. 
3.2. Simulation results

In the simulation, the throughput in the “cell 1” half of the common “cell edge” (shadow area in Figure 1, 2 and 3) is evaluated. 10, 20 and 40 UEs are assumed in the area. 

Table 3. “Cell edge” throughput comparison

	
	“Cell edge” (cell 1 half of shadow area in Figure 1, 2, 3) throughput (Mbps)
	Throughput gain over Scenario 2

	
	10 UEs
	20 UEs
	40 UEs
	

	Scenario 1 (20MHz)
	19.5
	20.97
	22.14
	37.4% ~ 55%

	Scenario 2 (Band A, 10MHz)
	12.58
	14.35
	16.11
	----

	Scenario 3
	Band A (10MHz)
	9.61
	10.82
	11.91
	----

	
	Band B (5MHz)
	6.24
	7.10
	7.96
	----

	
	Band A+B (10MHz)
	15.85
	17.92
	19.87
	23.34% ~ 26%


The simulation results are summarized in Table 3. Because only 10MHz can be allocated to the cell edge (cell 1 side), only 12.58Mbps to 16.11Mbps throughput is achieved in Scenario 2 (only employing ICI coordination). When only employing ICI cancellation (Scenario 1), 19.5Mbps to 22.14Mbps throughput can be obtained thanks to the full use of 20MHz bandwidth, 37.4% to 55% higher than Scenario 2. The hybrid approach combining ICI cancellation and coordination (Scenario 3) allows up to 15MHz to be used at the “cell edge”, hence achieves 15.85Mbps to 19.87Mbps throughput, 23.34% to 26% higher than Scenario 2. 
3.3. Demodulating control channel of interfering cell

A factor to possibly affect the results of above simulations is how to demodulate and decode the control signaling of the strongest interfering cell. First, the control channel should be design to guarantee the correct demodulation and decoding even in an ICI environment, no matter whether ICI cancellation is used. After the control channel of the serving cell is demodulated and decoded, it can be subtracted from received signal. In this case, only the interference from other weaker interfering cells will affect the demodulation/decoding of the control channel of the strongest interfering cell. 

In the above simulations, ICI cancellation is performed only when the strongest interfering cell “dominates” the overall interference. Here, we assume that 
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 respectively denote the power of desired signal, the power of strongest interferer, the sum power of other interferers, and the noise power. Thus, it is derived that:

The SINR of the desired cell without ICI cancellation 
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The SINR of the desired cell with ICI cancellation 
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We set the criteria to adopted ICI cancellation as following: When 
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 by 1.5dB, ICI cancellation is adopted; otherwise it is not adopted. Thus the SINR of the strongest interfering cell is
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, which is greater than 0.4125, i.e. -3.85dB. Hence the problem becomes: whether the control channel of the strongest interfering can be correctly demodulated/decoded in a 
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. In this SINR value, a simple spreading and FEC coding can achieve a satisfactory BLER performance.

In Motorola’s contribution [15], some simulation results for downlink signalling demodulation/decoding has been presented. Figure 5 of [15] shows the BLER performance as follow:

Table 4. Downlink control channel detection/decoding performance

	
	Rate-1/3 Convolutional code, QPSK, repetition factor =2
	Rate-1/3 Convolutional code, QPSK, repetition factor =4

	BLER
	0.01
	0.001
	0.01
	0.001

	Required SNR
	-3.5dB
	-2.5dB
	-5.5dB
	-4.5dB


Hence a rate-1/3 convolutional coding/QPSK with repetition factor=3 or 4 can provide satisfactory BLER performance for 
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4. Employing ICI cancellation within a NodeB
A special case of combining ICI cancellation and coordination is to only employ ICI cancellation between sectors of a NodeB, while using ICI coordination between different NodeBs, as shown in Figure 4. If only employing ICI coordination, the limited frequency resource in each reuse set needs to be allocated at the inter-NodeB edge as well as the inter-sector edge. However, if the interference between sectors of a NodeB can be cancelled using IDMA-based ICI cancellation, the limited frequency resource can only be used in the inter-NodeB edge (the cell edge for ICI coordination is “shortened”). And the higher throughput is expectable in the “inter-NodeB edge” area. 
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Figure 4. Only employing ICI cancellation within a NodeB
5. Conclusions
In this paper, we investigate the specific scenario in which two neighboring cells require high throughput in their common cell edge. The simulation results suggest that, ICI cancellation can provide maximum throughput in the scenario because the whole bandwidth of the system can be used. However ICI coordination only allows a part of frequency resource to be used at the “cell edge”, hence cannot provide maximum throughput. Combination of ICI cancellation and coordination can maximize the achievable “cell edge” throughput while avoiding the rigid requirements of ICI cancellation to system.

Therefore the combination of ICI cancellation and coordination is an agreeable hybrid approach to maximize the “cell edge” throughput in complicated practical deployment scenarios while keeping the system flexible. The text is thus proposed for the TR 25.814 Section 7.1.2.6.2, as shown in the following section. The text proposal about acquisition of interleaver pattern ID in [8] (which has been discussed and agreed in Athens) is also included in the following TP.

6. Text proposal

---------------------------------------------Start of Text Proposal--------------------------------------------
7.1.2.6.2
Inter-cell-interference cancellation
Fundamentally, inter-cell-interference cancellation aims at interference suppression at the UE beyond what can be achieved by just exploiting the processing gain.

Two methods have been discussed

· Spatial suppression by means of multiple antennas at the UE. It should be noted that the availability of multiple UE antennas is an assumption for E-UTRA.

· Interference cancellation based on detection/subtraction of the inter-cell interference. One example is the application of cell-specific interleaving (IDMA) to enable inter-cell-interference cancellation.
The IDMA based inter-cell-interference cancellation scheme would imply the following requirements on the system:

1. RB allocation: The RBs accommodating one code block of a UE in the interfered cell should also accommodate, and only accommodate, a code block of a UE in the interfering cell. In other words, the “interfered code block” and “interfering code block” should be accommodated in the same set of RBs.

2. Synchronization: Inter-NodeB synchronization is required.

3. Intra-cell signalling: A UE needs to be signalled whether it can perform a cancellation to the received ICI.  And the UE should have the knowledge of the interleaver pattern IDs of the desired cell and the interfering cells (at least the strongest one). However, based on the static mapping between the interleaver pattern IDs and the cell IDs, the acquisition of the interleaver pattern IDs can be naturally realized through cell search operations, and no extra signalling is needed.
4. Inter-cell signalling: Interfering signal configurations (e.g. interleaver pattern ID, modulation scheme, FEC scheme and coding rate) should also be signalled to the UE. To cancel the inter-NodeB interference, the signalling of interfering signal configurations can be realized by detecting the interfering control channel at the UE. To cancel the inter-sector interference, the NodeB can straightforwardly signals the interfering signal configurations to the UE via its own controlling channel.

Inter-cell interference (ICI) cancellation can be combined with ICI coordination as a complementarity. In some practical deployment scenarios (e.g. a majority of load concentrates in “cell edge” area), ICI cancellation can be used to further improve the “cell edge” throughput by allowing neighbouring cells to reuse same frequency resource in the “cell edge”.

A special case of combining ICI cancellation and coordination is to only employ ICI cancellation between sectors of a NodeB, while using ICI coordination between different NodeBs. In this case, the requirement of inter-NodeB signaling and synchronization can be released.
---------------------------------------------End of Text Proposal--------------------------------------------
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