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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], further simulation results were given, including the system-level performance and the link-level performance with different chunk sizes, SINR values and coding rates. 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 this paper, two issues are addressed: First, to answer some concerns on channel estimation, a link-level performance of IDMA-based ICI cancellation with real channel estimation is given. Next, a system-level evaluation similar to that in [5] is given but adapted to the recently defined resource block (RB) size, to illustrate the capacity gain achieved with IDMA-based ICI cancellation.

2. Link-level performance with real channel estimation 

2.1. Definition of SINR

Inter-cell interference cancellation approaches would bring some special requirements to the simulation procedure. One impact is on the definition of SINR. 

In general simulations, all inter-cell interference are treated as “noise-like” unknown interference, thus the “interference” in the SINR definition indicates the sum of interference from all interfering cells. However, when considering inter-cell interference cancellation approaches, the interference from one of the interfering cells can be detected and cancelled. And the interference power from the cell will affect the performance of cancellation. Hence this cell has to be treated as a “special” cell whose interference cannot be treated as a part of the “unknown interference” (described using SINR). 

Therefore we here slightly change the definition of SINR, in which the “interference” excludes the interference from the “special” cell. SINRDesired is the SINR of the desired cell. When defining it, the interference from the strongest  interfering (cancelled) cell is excluded. SINRIntreference is the SINR of the strongest interfering (cancelled) cell. When defining it, the interference from the desired cell is excluded.

2.2. Simulation assumptions

The simulations are based on the following assumptions. For simplicity, the modulation scheme is set to QPSK, and only 6 symbols in a subframe is used for data transmission. GMCE is an improved soft-interference-cancellation approach. 


 Table 1, Link-level simulation assumptions

	The number of BSs 
	K = 2

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

	Modulation Mode
	QPSK

	Chunk size
	6 OFDM symbol
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300 subcarriers

	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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2.3. Performance with real channel estimation

Since the reference signal structure has just been determined in RAN1 LTE Ad Hoc in Helsinki, we are now able to simulate the impact of real channel estimation. In the following simulation, the reference signals described in TR 25.814 v1.2.1 Section 7.1.1.2.2 [12] is considered. The channel estimation is implemented based on frequency-domain interpolation using FFT and time-domain noise suppression. As described in [12], orthogonal reference signals are employed between neighbouring cells. However, since the detailed design of CDM-based orthogonal reference signals between cells (e.g. length of codes) is still undetermined, we here consider the simple FDM design. Results based on CDM reference signals can be provided as long as further details are available.

In Fig.1, besides the result with ideal channel estimation serving as a performance bound, three real scenarios are considered:

· Only the first reference signal is used. And its transmit power is as same as that of data subcarriers.

· Two reference signals are both used. And their transmit power is as same as that of data subcarriers.

· Two reference signals are both used. And their transmit power is 3dB stronger than that of data subcarriers.

The simulation suggests that the orthogonal reference signal design can provide satisfactory channel estimation performance in an ICI environment. The channel estimation using one reference signal only brings a small degradation over the ideal case. When two reference signals are both used, the impact of channel estimation error is negligible. Moreover, the estimation performance approaches to the ideal bound if allocating more power to the reference signal subcarriers.
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Fig. 1 BLER performance of IDMA-based ICI cancellation with real channel estimation

3. System-level simulation results

3.1. Simplification of simulation methodology
As discussed in Section 2.1, for simulating inter-cell interference cancellation approaches, one of the interfering cells should be treated as a “special” cell because its interference is cancelled. Accordingly the definition of SINR is modified, and SINRDesired and SINRIntreference are used in the simulation.

Meanwhile, the existence of the “special” cell also requires the simulation methodology to be simplified. The BLER performance of inter-cell interference cancellation is impacted by both SINRDesired and SINRIntreference.  If both of the two parameters are generated randomly in the system-level simulation, a two-dimension SINRDesired-SINRIntreference database has to be made for a given target BLER for a given pair of MCSs (modulation and coding scheme), which requires a huge amount of simulation calculations. 

Therefore we here employ an approximate method in which the effect of different SINRIntreference values and interfering coding rates is neglected. For example, the simulation results in Fig.2  (simulated with SINRdesired=5dB, MCS=QPSK, 1/2) suggest that the BLER can be roughly controlled under 10-1 in scenarios considered in this figure. Hence the simulation results fig.3 can be compressed to: the required SINRDesired is 5dB for BLER 10-1 when MCS is QPSK,1/2 (this is a relatively underestimated approximate). Using this simplified method, SINRDesired values for BLER 10-1 with different MCS can be determined.
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Fig.2 A example of simplification of simulation methodology
3.2. Simulation assumptions
The simulation assumptions are given in Table 2. Moreover, the exponential effective SIR mapping was applied to map the channel conditions over subcarriers to an effective SINR that can be used to determine the expected BLER. The overall subcarrier resource is divided into 12 chunks (each includes 50 subcarriers, 2 PRBs). Multiple chunks are allowed to be assigned to a UE. The cell edge area is defined with the maximum geometry values 0 dB.

Table 2, System-level simulation assumptions

	Bandwidth
	10 MHz

	Chunk size
	50 subcarriers (=2 PRBs)

	Number of chunks
	12

	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


3.3. Simulation results

Fig. 3 and Fig. 4 show respectively the cell edge and total cell average throughput of an IDMA-OFDM system. The simulation results suggest that the IDMA-based inter-cell interference cancellation can provide over 50% gain in cell edge average throughput, and over 5% gain in overall average throughput. 

The simulation results in this section are actually very similar to those in [5]. The only difference is that the recently defined physical resource block (PRB) size is adopted. Here it is assumed that one RB consists of 2 PRBs (50 subcarriers, 750kHz).
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Fig.3. Cell edge throughout per sector with different user velocity
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Fig.4. Total sector throughout with different user velocity

4. Conclusions
In this paper, we introduce some further simulation results of IDMA-based inter-cell interference cancellation. The simulation methodology is slightly modified and simplified to adapt to the special requirements of simulation of inter-cell interference cancellation approaches.

The simulation results show that IDMA-based inter-cell interference cancellation can provide over 50% gain in the cell edge average throughput and over 5% gain in the overall average throughput. 
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