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1. Introduction

Three basic approaches and one general method, i.e. beam-forming antenna solution, are introduced to mitigate inter-cell interference in TR 25.814[1]. Three approaches are listed below.

· Inter-cell-interference randomization

· Inter-cell-interference cancellation
· Inter-cell-interference co-ordination/avoidance
In addition, repetition coding can also be used to provide processing gain and mitigate the inter-cell interference.
It has been noted that the different approaches could, at least extent, complement each other i.e. they are not necessarily mutually exclusive. The possibility of combination/complement of beam-forming and other approaches should be considered. The main benefit of beam-forming is improving the SIR for cell edge users with high probability. The use of beam-forming will not affect the use of inter-cell interference randomization, cancellation or co-ordination/avoidance, hence can be easily combined with other inter-cell interference mitigation approaches and further mitigate the inter-cell interference. On the one side, the residual interference after mitigation by means of beam-forming can further be mitigated with other approaches, on the other side, the beam-forming can improve the performance of inter-cell interference mitigation with other approaches.
In this contribution, as examples, the combination of beam-forming with inter-cell-interference co-ordination/ avoidance approach, and the combination of beam-forming with repetition coding will be discussed. And some simulation results will be given to further analyze the performance of inter-cell interference mitigation with beam-forming and the combinations.
2. Discussions
2.1. The combination scheme of beam-forming with inter-cell-interference co-ordination/ avoidance
The common theme of inter-cell-interference co-ordination/avoidance is to apply restrictions to the resource management in a coordinated way between cells, whatever static, semi-static or dynamic coordinated way. The restrictions of transmit power or time/frequency resource will provide the possibility for improvement in SIR, and cell-edge data-rates/coverage, but total spectrum efficiency will be decreased. 
The combination scheme of beam-forming with inter-cell-interference co-ordination/ avoidance is very easy. The signal of each user is beam-formed and transmitted in downlink. Which frequency resource will be allocated to that user is just decided by the original inter-cell-interference co-ordination/ avoidance approach. As an example, the full spectrum will be divided into two parts, one part (called by part A) is shared with all cell-centre users with reuse 1, and another part (called by part B) is used for cell-edge users and shared with adjacent cell-centre users. Frequency resource allocated in part B is different for adjacent cells. The size of each part is the same in all cells and can be dynamically changed for different load conditions. One user will be judged as cell-edge user or cell-centre user depending on its predicted metric, for example SIR. Low SIR users will be judged as cell-edge users and will be allocated frequency resource in part B. High SIR users will be allocated frequency resource in part A and beam-formed to transmit. Whatever frequency resource is allocated, the users’ date will be beam-formed to transmit. This kind of frequency resource allocation scheme can be found in [2, 3] and shown in figure 1.
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Figure1.  Frequency resource allocation scheme for inter-cell-interference 
co-ordination / avoidance
Because the signal of each user is transmitted in a narrow beam, more power will be transferred to the wanted user, and less power will be leak out to other users. The inter-cell interference will be mitigated with high probability. On the one side, fewer users will be regarded as cell-edge users due to the higher SIRs (improved with beam-forming), less resource will be restricted to provide higher spectrum efficiency. On the other side, the inter-cell interference is first mitigated by means of beam-forming but some residual interference still exists. The residual interference may be caused by the non-ideal beams or collision of beams with low probability. The residual interference can further be mitigated with inter-cell-interference co-ordination/avoidance. So the combination of beam-forming with inter-cell-interference co-ordination/ avoidance can provide complement each other. In addition, when the inter-cell interference between cell-edge users has been avoided, the use of beam-forming can also improve SIR and system performance with high beam-forming gain. It may mitigate other inter-cell interference, for example, the interference between cell-edge users and other cell-centre users.
2.2. The combination scheme of beam-forming with repetition coding
To achieve high processing gain, repletion coding can be used as a complement to FEC [1]. One example of repetition coding is simply repeated the coded symbols in frequency domain with reduced transmitted power. The SIRs for cell-edge users will be improved thanks to the processing gain. Further, if the cell-edge users’ symbols are repeated and shared the same time/frequency resource, advanced receiver can be used to cancel the inter-cell interference, for example coordinated symbol repetition (CSR) and  its MMSE receiver in frequency domain [4, 5]. When symbols are repeated in frequency domain, more resource will be used for transmit same symbols, to some extent, the total spectrum efficiency will be decreased.
Because the repetition coding is just one channel coding scheme and (if need) the time/frequency coordination is very similar with inter-cell-interference co-ordination/ avoidance approach.  The combination scheme of beam-forming repetition coding is very easy. The signal of each user is beam-formed and transmitted in downlink. The symbols of that user are repeated or not, and which frequency resource will be allocated to that user are just decided by the original repetition scheme.
When repetition coding is active, one user will be judged as cell-edge user or cell-centre user depending on its predicted metric, for example SIR. Low SIR users will be judged as cell-edge users and its symbols will be repeated in frequency domain with RF (Repeated Factor) >1. High SIR users’ symbols will not be repeated (RF=1). Whatever the symbols are repeated or not, the users’ date will be beam-formed to transmit. To enable advance receiver to further cancel the inter-cell interference, one frequency resource coordination scheme will be used. As an example, the full spectrum will be divided into two parts, one part (called by part A) is shared with all cell-centre users with reuse 1, and another part (part B) is shared with all other cell-edge users, see figure 2. The size of each part is the same in all cells and can be dynamically changed for different load conditions. 
The inter-cell interference will be mitigated by means of beam-forming with high probability. On the one side, fewer users will be regarded as cell-edge users due to the higher SIRs (improved with beam-forming), less resource will be used to repeat same symbols. Thus higher spectrum efficiency will be obtained. On the other side, the residual interference after mitigation by means of beam-forming can further be mitigated with repetition coding. So the combination of beam-forming with repetition coding can provide complement each other. 
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Figure2. Frequency resource allocation scheme for coordinated repetition coding
In this contribution, another advanced receiver will be introduced to cancel the inter-cell interference. This advanced receiver requires cell-specific scrambling in line with symbol repetition after channel coding. When symbols are repeated and scrambled with cell-specific scrambling codes, the symbols transmitted within the same time/frequency resource can be distinguished thanks to the low correlation of scrambling codes. This kind of receiver is similar with the joint detection receiver for CDMA-based system.
3. Simulations

3.1. Simulation assumptions and parameters
The performance of combination beam-forming with other inter-cell interference approaches, inter-cell-interference co-ordination/avoidance or repetition coding in downlink, will be analyzed with Monte Carlo system level simulation. The cellular layout with hexagonal grid, 19 cell sites, and 3 sectors per site is used. System bandwidth is assumed as 10MHz. The link level simulation is done in TU channel conditions with parameters listed in Table 7.1.1-2 in TR 25.814 [1] to provide interface with system level simulation. 

The full bandwidth is divided into 25 sub-bands, which spans 25 sub-carriers. It is assumed that one sub-band is allocated to one user for the case of using inter-cell-interference co-ordination/avoidance, and RF sub-bands are allocated to one user for the case of using repetition coding, RF=3 for cell-edge users and RF=1 for cell-centre uses. The allocation of sub-bands for cell-edge users (CEU) and cell-centre users (CCU) are different for different number of cell-edge users. For inter-cell-interference co-ordination/avoidance, the number of CEU is fixed as 8, the number of CCU is changed for different simulation conditions, see table 1. For repetition coding, the number of CEUs and CCUs can be found in table 2.
Table 1, the allocation for sub-bands each cell for inter-cell-interference 
co-ordination /avoidance.
	Number of users
	9
	13
	17
	21

	Number of CEUs
	8
	8
	8
	8

	Number of CCUs
	1
	5
	9
	13

	coordination/
avoidance
	Number of sub-bands used for CEUs
	8
	8
	8
	8

	
	Number of sub-bands used for CCUs
	1
	5
	9
	13

	
	Total number of sub-bands used
	9
	13
	17
	21


Table 2, the allocation for sub-bands each cell for repetition coding.

	Number of users
	9
	13
	17
	21

	Number of CEUs
	8
	6
	4
	2

	Number of CCUs
	1
	7
	13
	19

	repetition coding
	Number of sub-bands used for CEUs
	8x3
	6x3
	4x3
	2x3

	
	Number of sub-bands used for CCUs
	1
	7
	13
	19

	
	Total number of sub-bands used
	25
	25
	25
	25


The other simulation parameters can be found in table 3.
Table 3, the system level simulation parameters.

	Parameter
	Assumption

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

	Cell radius
	1Km

	Distance-dependent path loss (dB)
	L=128.1 + 37.6log10(R), R in kilometers

	Lognormal Shadowing
	N/A

	Penetration Loss  
	20dB

	Number of antennas at BS (transmitter)
	8

	Number of antennas at UE (receiver)
	2

	Antenna pattern (horizontal)
	For 3-sector cell sites with fixed antenna patterns

[image: image3.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q



[image: image4.wmf]dB

3

q

 = 70 degrees,  Am = 20 dB 
For data beam-formed, a narrower dynamic beam pattern is used according to user direction.

	Carrier Frequency / Bandwidth
	2GHz/10M

	Total BS TX power (Ptotal)
	34dBm

	Minimum distance between UE and cell
	35 meters


3.2. Simulation results for the combination scheme of beam-forming with inter-cell-interference co-ordination/ avoidance
The mean data rate of all users is shown in figure 3. The mean data rate of 5% CDF users is shown in figure 4.
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Figure 3, Mean data rate of all users for inter-cell-interference co-ordination/ avoidance
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Figure 4, Mean data rate of cell-edge users for inter-cell-interference co-ordination/ avoidance
From these simulation results, it can be found that inter-cell interference can be mitigate with inter-cell-interference co-ordination/avoidance or beam-forming respectively, and the  combination of both can further mitigate the inter-cell interference. 
3.3. Simulation results for the combination scheme of beam-forming with repetition coding
The mean data rate of all users without joint detection is shown in figure 5. The mean data rate of 5% CDF users without joint detection is shown in figure 6.
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Figure 5, Mean data rate of all users for repetition coding without joint detection
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Figure 6, Mean data rate of cell-edge users for repetition coding without joint detection 
When the joint detection is active at receiver, more inter-cell interference will be mitigated. The mean data rate of all users with joint detection is shown in figure 7. The mean data rate of 5% CDF users with joint detection is shown in figure 8. In these simulations, a joint detection factor 0.2 is used, which means 80% inter-cell interference is mitigated during joint detection processing.
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Figure 7, Mean data rate of all users for repetition coding with joint detection
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Figure 8, Mean data rate of cell-edge users for repetition coding with joint detection
From these simulation results, it can be found that inter-cell interference can be mitigate with repletion coding (with or without joint detection) or beam-forming respectively, and the  combination of both can further mitigate the inter-cell interference.
4. Conclusions
The main benefit of beam-forming is improving the SIR for cell edge users with high probability. The use of beam-forming will not affect the use of inter-cell interference randomization, cancellation and co-ordination/avoidance, hence can be easily combined with other inter-cell interference mitigation approaches and further mitigate the inter-cell interference. From these simulations, it can be found that the combination of beam-forming with other approaches can mitigate the inter-cell interference more effectively due to the complement each others. 
Since combining beam-forming with each inter-cell-interference approach can be realized easily, combining beam-forming with any combination of them can also be realized. 
A text proposal for TR25.814 has been drafted to describe the combination of beam-forming with other inter-cell interference mitigation approaches. It can be found in R1-060xxx.
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