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1 Introduction

At the meeting of RAN1#42, the use of beam-forming antenna solutions at the base station has been considered as a general method for downlink inter-cell-interference mitigation [1]. Some simulation results have been submitted to show the system performance gain with beam-forming [2]. In this document, further simulation results are submitted, the cases of using 4 and 8 transmit antennas are considered.
2 Inter-cell interference mitigation with beam-forming
As mentioned in the document R1-050798, for OFDM based systems with frequency reuse factor of one, because no intra-cell interference exists, beam-forming can increase SNR M times, M is the number of antennas. The channel capacity is increased as following for flat fading channels with Shannon’s formula:


[image: image1.wmf]2

2

log(1)

log(1)

SA

noSA

C

MSIR

C

CSIR

-

+×

D==

+


Here SIR stands for the SIR without beam-forming. Further when taking inter-cell interference as directional interference, the more channel capacity can be gained. When assuming the interested cell surrounded by two rings of interfering cells, according to the statistical results, the inter-cell interference from the neighboring cells will be about 70% of the all inter-cell interference and noise. As shown in figure 1.
Utilizing the directional interference characteristic, a frequency scheduling method based on user direction can further increase the system performance. According to the interference scenario, the scheduler can allocate frequency resources to the expected users different from other cell users within the same beam of the expected users in real time. The detailed scheduling steps used in the simulation are shown as following.
· Step 1: In each sector each UE randomly selects sub-channels

· Step 2: For each sector, when expected UE and interfering UEs in adjacent cells are all at sector edge, within the same beam and use the same sub-channels, the sub-channels used by expected UE is scheduled to another sub-channels. The scheduling priority for each sector is random and one by one.
· Step 3: More scheduling cycles are performed to keep the interference scenarios as small. In the simulations two scheduling cycles are performed.
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Figure 1: Channel capacity increased by smart antenna for M=2, 4 and 8.

3 Simulation assumptions and evaluation results
Table 1 lists the basic link level simulation parameters for downlink. More detailed simulation assumption can be found in [3, 4] as a reference. The link level simulation results are used to facilitate further system level simulations.

Table 1: The basic link level simulation parameters

	Parameters
	Assumption

	Transmission Bandwidth
	5MHz

	Timeslot duration
	0.675ms

	Sub-carrier spacing
	15kHz

	Sampling frequency 
	7.68MHz

	FFT size
	512

	Number of occupied sub-carriers
	301

	Number of OFDM symbols per timeslot (short CP/long CP)
	9/8

	CP length (short /long)
	7.29us/16.67us

	Number of sub-channels 
	25

	Number of sub-carriers per sub-channel
	12

	AMC
	AMC is used. QPSK, 16QAM and 64QAM. Turbo coding. The MCS is given in Table 2.

	Number of downlink time slots
	4

	Channel model
	Typical Urban

	Channel estimation
	Ideal

	UE speed
	3km/h

	Number of transmit antennas
	1/4/8


Table 2: The MCS used in these simulation

	Modulation
	Coding rate

	QPSK
	1/3, 1/2, 2/3, 3/4, 4/5

	16QAM
	1/2, 2/3, 3/4, 4/5

	64QAM
	2/3, 3/4, 4/5, 5/6


Table 3 lists the basic system level simulation parameters for downlink. In these simulations, when beam-forming is used, the inter-cell interference from the neighboring cells can be regarded as zero except it comes from the same direction with expected user.
Table 3: The basic system level simulation parameters

	Parameters
	Assumption

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

	Inter-site distance
	500m

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

I=128.1 – 2GHz,

	Lognormal Shadowing
	Similar to UMTS 30.03, B 1.41.4[5]

	Shadowing standard deviation
	8 dB

	Correlation distance of Shadowing
	50m (See D,4 in UMTS 30.03)

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration Loss
	20dB

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	Carrier Frequency / Bandwidth
	2GHz / 5MHz

	Channel model
	Typical Urban

	UE speeds of interest
	3km/h,

	Total BS TX power
	43dBm

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
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	Users dropped uniformly in entire cell
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	Minimum distance between UE and cell
	>= 35 meters

	Traffic model
	HTTP 1.0 (See A.3.3 in TR 25.848 v4.0.0[6])

	Packet scheduler
	Proportion Fair

	HARQ
	Chase combining (See A.4.4.1 in TR 25.892 v6.0.0 [7])

	Maximum number of HARQ retransmissions
	3

	CQI feedback error
	1%

	ACK/NACK feedback error
	4%


Three scenarios are evaluated as follows:

· Scenario A: Beam-forming is not used, and the sub-channels per timeslot are randomly allocated to each UE. No frequency scheduling is used. The number of transmit antenna is M=1.
· Scenario B: Beam-forming is used, and the sub-channels per timeslot are randomly allocated to each UE. No frequency scheduling is used. The number of transmit antenna used to performing beam-forming is M=4/8.
· Scenario C: Beam-forming is used, and the sub-channels per timeslot are allocated to each UE according to a scheduling rule described as section 2. The number of transmit antenna used to performing beam-forming is M=4/8.
Simulation results for the different scenarios with different number of antennas are shown in following figures. In figure 2, the simulation results of system OTA are given. The system OTA of scenario C can gain about 85%~634% increase than scenario A when M=8, and about 75%~355% increase when M=4. Other simulation results of system service, mean packet call throughput and utilization are separately shown in figure 3, 4 and 5. From these simulation results, it is can be found that beam-forming can effectively lower inter-cell interference to meet the requirements of improving spectrum efficiency and increasing cell edge bit-rate for LTE systems based on OFDM..
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Figure 2: System OTA for scenario A, B, C with M=1, 4 and 8
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Figure 3: System Service for scenario A, B, C with M=1, 4 and 8
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Figure 4: Mean Packet Call Throughput for scenario A, B, C with M=1, 4 and 8
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Figure 5: Utilization for scenario A, B, C with M=1, 4 and 8
4 Conclusions
In this document, further simulation results are submitted according to R1-050798. The case of using 4 and 8 transmit antennas are considered in the presentation. From these simulation results, it is can be found that beam-forming can effectively reduce inter-cell interference to meet the requirements of improving spectrum efficiency and increasing cell edge bit-rate for LTE systems based on OFDM.
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