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1. Introduction

Multi-antenna transmission and Coordinated multi-point (CoMP) transmission are currently being considered in 3GPP TSG RAN WG1 meetings as key enablers to improve spectral efficiency as well as to improve cell-edge user throughput in LTE-Advanced.

In order to further improve cell-average and cell-edge user throughputs, technologies to achieve inter-cell orthogonalization should be further explored and established in future releases of LTE-Advanced. 3GPP has started discussing feedback and signaling in support for multi-antenna Downlink transmission to support single-cell SU-MIMO and MU-MIMO, taking into account future extension to the multi-cell CoMP scheme. A common framework of feedback and signaling should be established that is easily extended to support the adoption of foreseeable enabling techniques, such as inter-cell interference cancellation schemes which may contribute to significant improvements in spectral efficiency. From the operator’s viewpoint, frequent major revisions to feedback and signaling should be avoided.

In this contribution, we discuss the importance of the inter-cell interference canceller to further improve cell-average and cell-edge user throughput. We then compare three foreseeable interference cancellation schemes from the viewpoint of identifying necessary information for feedback and signaling and their impact in the case where information via the backhaul network is required. We finally propose the following 2 items; (1) Inter-eNB transmit rank control of interference signal should be considered, and (2) Information on MCS, precoding information and rank information of at least one interferer UE should also be considered for inclusion in the information.

2. Downlink interference cancellation as a future extension for DL MIMO and DL CoMP schemes

2.1 Inter-cell interference cancellation 

In LTE Release 8, intra-cell orthogonalization contributes to the improvement of spectral efficiency. Inter-cell orthogonalization is one of technical challenges to further improve cell-average and cell-edge user throughput [1]. Several techniques are being proposed, which can be categorized as CoMP-JP (Joint Processing) and CoMP-CS/CB (Coordinated Scheduling / Beamforming) [2]. Inter-cell Interference Cancellation is one of the promising techniques (e.g. [3] and [4]), since it; 

· does not require perfect inter-cell orthogonalization 

· can remove inter-cell interference, which is crucial for UE at cell-edge since SIR is low,

· improves inter-cell interference by using a linear cancellation scheme such as MMSE (Minimum Mean Square Error detection) without any knowledge of signaling information on interfering UEs, and

· further improves inter-cell interference by using non-linear cancellation schemes, including MLD  (Maximum Likelihood Detection) and MAP (Maximum A Posteriori probability detection).

In Fig.1 (a) and (b), we show the simulation result of average BLock Error Rate (BLER) versus average Es/No per receive antenna in order to demonstrate the potential of the inter-cell interference canceller. Table 1 provides the set-up for the simulation. In Fig.1, average SIR means that the power ratio of desired signals transmitted from target cell to undesired signals transmitted from interfering cell. From Fig.1, it is found that the inter-cell interference canceller can improve the BLER performance. 

[image: image1.wmf]10

-2

10

-1

10

0

0

5

10

15

 w/o ICI canceller 

 MMSE 

 MLD 

 MAP (

N

iter

 = 1) 

 MAP (

N

iter

 = 4) 

 MAP (No ICI)  

Average BLER

Average E

s 

/N

0

 per receive antenna [dB]

1x2 antenna configuration,

2BSs, (Average SIR = 0 dB)

MAP (No ICI, 

N

iter

 = 4) 

w/o ICI canceller

with ICI 

canceller

      [image: image2.wmf]10

-2

10

-1

10

0

0

5

10

15

 w/o ICI canceller 

 MMSE 

 MLD 

 MAP (

N

iter

 = 1) 

 MAP (

N

iter

 = 4) 

 MAP (No ICI)  

Average BLER

Average E

s 

/N

0

 per receive antenna [dB]

2x2 antenna configuration, 

2BSs, (Average SIR = 0 dB)

MAP (No ICI, 

N

iter

 = 4) 

with ICI

canceller

w/o ICI canceller


(a) Single stream transmission

 
    (b) Two stream transmission
Fig. 1 Average BLock Error Rate (BLER) performance 

Table I   Simulation Parameters

	Number of Base Stations (BSs) 
	2 (target cell: 1, interfering cell: 1)

	Number of BS antennas
	1 (for single stream transmission), 

2 (for two stream transmission)

	Number of UE antennas
	2

	OFDM parameters
	Number of sub-carriers: 64,

Sub-carrier spacing: f0 = 15 kHz, 

Effective OFDM symbol duration: Ts = 1/f0,

Cyclic prefix duration: Tg = Ts /4 = 16.67 s

	Frame duration
	T = 12(Ts  + Tg) =1 ms   (12 OFDM symbols)

	Modulation
	QPSK

	Channel encoding
	Non-systematic convolutional code 

(Constraint length K = 3, Coding rate R = 1/2), 

Random interleaver, Max Log-MAP decoding)

	Channel model
	Path model
	Number of paths: 5-path, Decay factor: 3 dB, 

Equal path interval among each path, 

RMS delay spread: 1.1s

	
	Fading model
	Quasi-static Rayleigh fading

(Uncorrelated fading among each path and each antenna)

	Channel estimation 
	Ideal 

	MIMO spatial division 

Multiplexing
	Multiple codeword MIMO

	Desired and interference 

signal demultiplexing
	(1) MMSE-based signal detection

(2) MLD-based signal detection

(3) MAP-based iterative signal detection
      (Number of iterations: Niter)


2.2 Requirements for the introduction of inter-cell interference canceller to DL CoMP schemes

Fig. 2 shows the basic configuration of the downlink inter-cell interference canceller.

As for the linear inter-cell interference canceller, in order to further improve its performance, Inter-eNB transmit rank control is preferable; it controls the transmit rank of an interferer so that the degree of freedom in receiving UE antennas can be used in canceling interference signals, i.e. the transmission rank of interference signal can be within the degree of freedom.

As for employing the non-linear inter-cell interference canceller, the following information is required to generate the replica of the interference signal(s);

· Channel State Information (CSI),

· Information on transmission scheme, including Modulation and Coding Scheme (MCS), precoding information and rank information.

The above information needs be transmitted as a part of Dedicated Control Information through a backhaul network or directly through air from the interferer eNB to the cell-edge MS.

[image: image3.png]JTransmission scheme Information of interferer (eNb cell #2) Is
required at cell-edge MS as a part of control information

Celk#1 Cell edge -
eNb MS eNb




Fig.2 Basic configuration of downlink inter-cell interference canceller

Table 2 shows required eNB functions for the introduction of the inter-cell interference canceller.

Table 2 Required functions and information

	
	MMSE
	MLD
	MAP

	Inter-eNB transmit rank control
	Required
	Option
	Option

	Channel estimation for interference signal
	Option
	Required
	Required

	Signaling of interference signal configuration 
	MCS (Modulation and Coding Set)
	Not required
	Required
	Required

	
	Precoding information
	Not required
	Required
	Required

	
	Rank information
	Not required
	Required
	Required

	
	Scrambling code
	Not required
	Not required
	Required

	
	Inter-leave pattern
	Not required
	Not required
	Required


Table 3 shows performance comparisons of the canceling schemes and their impact on Radio Access Networks with the introduction of the downlink inter-cell interference canceller.

Table 3 Comparisons of the cancelling schemes and their impact on Radio Access Network

	
	MMSE
	MLD
	MAP

	Impact on RAN load †
	Very Low
	Low
	Middle

	Complexity
	Low
	Middle
	High

	Performance (BLER)
	Fair
	Good
	Excellent


† In the case where information via the backhaul network is required

3. Conclusions

Taking into account the above discussion, in downlink CoMP schemes, the following should be considered in the discussion of feedback and signaling;

(1) Inter-eNB transmit rank control of interference signal, and 

(2) information on MCS, precoding information and rank information of at least one interferer UE.
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