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Interference mitigation using downlink transmit beamforming with nulling techniques
Wendy C Wong, Shilpa Talwar
Intel Corporation
2 Introduction and Motivation
For cellular deployment, downlink (DL) is usually interference limited.  We can improve signal quality (SINR) significantly if we can reduce the interference in the DL.  A simple 2-cell network can be found in Figure 1.  BS p helps BS q by reducing its interference to MS_q_1.  BS q helps BS p by reducing its interference to MS_p_1. Downlink transmit beamforming (DL Tx BF) with nulling increases the SINR of cell edge users by significantly reducing interference from a BS to cell edge users served by other BSs.  

Hence, we propose to use a DL Tx BF with nulling scheme with minimal BS coordination for the downlink for cell edge users with low to moderate mobility.  If BS p enables DL Tx BF with nulling while BS q does not, SINR of MS_q_1 will be significantly reduced while the SINR of MS_p_1 remains high.  Hence, DL Tx BF with nulling only works to increase the SINR of all cell edge users if all BSs enable Tx BF with nulling simultaneously.  We proposed that resources shall be allocated to serve cell edge users only. 
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Our contribution contains 3 main sections.  First, we describe our DL Tx BF scheme.  Second, we present our simulation results.  Last, we propose text insertion into the SDD.
3 Overview of our DL Tx BF with nulling for interference mitigation 
Figure 2.Overview of DL Tx BF with nulling for interference mitigation purposes
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An overview of our scheme can be found in Figure 2.  The following subsections explain how each step is conducted.
2.1 Cell edge user identification

DL Tx BF with nulling scheme is only applied to cell edge users with low to moderate mobility.  Each BS will first need to identify all its cell edge MSs.  For example, each MS can measure and report the CINR or RSSI (received signal strength) of preamble from all BSs that it can detect.
Next, each MS can send their measurement reports to its serving BS using the MOB_SCN_REP message of 802.16e.  Its serving BS can decide if the MS is a cell edge user depending on the metric value and obtain the number of significant interfering BSs of a cell edge user from the MOB_SCN_REP message.
After gathering all its cell edge user information periodically, a BS shall know how many cell edge users it has and the maximum number of interfering BSs a cell edge user will face.  All BSs send this information to the RRM (radio resource management) unit over the backhaul.
2.2 System resource allocation and scheduling
Effective DL Tx BF with nulling that reduces SINR for all cell edge users are possible only if all BSs enable it simultaneously.  Hence, resources shall be set aside to serving cell edge users only.   
2.2.1 Resource allocation to cell edge users

After gathering information on the number of cell edge users detected in the system and the maximum number of interfering BSs, a decision can be made on how many resource blocks are allocated to serving cell edge users only.  As an example, a simple way to allocate resources to cell edge users is to use the ratio of cell edge users to all users in the network as in equation 1.  
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Equation 1
In addition, the resources allocated to cell edge users can be further divided as follows:

1. If the number of interfering BSs does not exceed the system nulling capacity, all BSs can use the resource allocated to serving cell edge users;
2. If the number of interfering BSs exceeds the system nulling capacity, higher frequency reuse (like FFR) of the allocated resource can be enabled to reduce the number of interfering BSs.

The RRM unit will send the resource allocation decision to all relevant BSs over the backhaul.
2.3 Scheduling and BF weight generation for data transmission
Each BS can perform independent scheduling of its cell edge users over resource allocated to serving cell edge users using any conventional schedulers.  However, to form proper nulls to cell edge users of other BSs during data transmission, a BS needs to know the scheduling decision of neighboring BSs.  Instead of transporting this information over the backhaul, we propose to use a special UL sounding mechanism.  

2.3.1 Special UL sounding region
A special UL sounding region depicted in Figure 4 can be used by all BSs to infer scheduling decision made by other BSs and form beamforming weights for data transmission.  Refer to appendix ‎5.1 for beamforming weight derivation.
A special UL sounding region shall be present whenever there are DL resources allocated to serving cell edge users.  If there are n resource blocks (RB) allocated in the DL for cell edge users, there shall be n sounding blocks (SB) with each sounding block corresponding to a resource block.  A resource block shall be the scheduling quantum of the system.  BSs that allocate transmission to cell edge users in resource block m shall require those cell edge users to perform UL sounding in sounding block m.  Hence, each BS can use the sounding region to perform channel measurements and form covariance matrix for its beamforming weight calculation. 

[image: image3]
3 Simulation Results

System level simulator with most parameters compliant to the EVM document was used to evaluate the performance of our DL Tx BF with nulling.  We have compared our performance to the baseline system with 2 BS antennae and 2 MS antennae using STBC/SM.  For details on simulation parameters used, refer to Table 2 in appendix ‎5.2.
3.1 Average system throughput rate at BSs in the center cell
Average system throughput rate (Mbps) at a BS is defined to be mean throughput per frame averaged over X frames and Y trials.  For our simulation, we have run at least 10 trials with 300 frames per trial.  Some trials have less than 300 frames though.  If we average the average system throughput rate over all BSs in center cell, we found that our IM BF with nulling scheme have higher throughput rate than the baseline as depicted in Table 1.  The main increase is due to the higher SINR which in turn enable higher MCS as shown in Figure 4.  More simulation results can be found in appendix ‎5.2, ‎5.3, ‎5.4, ‎5.5.
Table 1.  Average system throughput rate (Mbps)
	System Mode
	average BS throughput rate (Mbps)
	% increase relative to baseline

	Baseline, 2x2
	5.6394
	0

	IM BF with nulling, 2x2
	    7.7451
	37.34

	IM BF with nulling, 4x2
	   11.1253
	97.28


4 SDD text proposal
4.1 Insertion into 8.1 The IEEE 802.16m Protocol Structure

The inserted text is marked as italics: 
Interference Management block perform functions to manage the inter-cell/sector interference.  The operations may include:

· MAC layer operation

· Interference measurement/assessment report sent via MAC signaling

· Interference mitigation by resource allocation for beamforming with nulling, scheduling and flexible frequency reuse
4.2 Insertion into 11 Physical Layer

Insert the following text into SDD Section 10 – Physical Layer [3]

11.x.  UL sounding

A special UL sounding region is needed for DL transmit beamforming with nulling.  This special UL sounding region will enable all BSs to infer scheduling information of neighboring BSs and form proper beamforming weights during DL data transmission to cell edge users.  
11.x.y Special UL sounding region
Special UL sounding region is divided into N sounding blocks where N is the number of resource blocks allocated to cell edge users.  BSs that allocate transmission to cell edge users in resource block n shall require those cell edge users to perform UL sounding in sounding block n as depicted in Figure 3.  Hence, each sounding region in the UL will have the same interference environment as the corresponding resource block in the DL.
5 Appendix

5.1 Beamforming weight calculation

From Figure 1, the UL received signal at BS p with M receive antennae at MS_p_m where m = 1 is
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Equation 2
where 

· k is the subcarrier index;

· 
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is the received vector at BS p which is MxN where N is usually 1;
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 is the QAM symbol of MS_p_m;
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 is the UL BF weight applied by MS_p_m with dimension Nx1;
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is the channel response from MS_p_m to BS p;
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 is the QAM symbol of an interfering user MS_q_n;

· 
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is the UL BF weight applied by MS_q_n with dimension Nx1;

· 
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 is the channel response from MS_q_n to BS p;

· 
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 is thermal noise with 0 mean and variance 2I.
Let 
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 by the beamforming weight applied to the UL receive signal at BS p, the final modulation symbol is
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Using MMSE, the weight vector 
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Equation 3.
At the BS, apply BF weight calculated in Equation 3 to DL transmit signal to MS_p_m as 
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5.2 Simulation parameters

Table 2 lists parameters that are variables or are not compliant to the EVM document in order to cut down simulation time.

Table 2.  Parameters that are variable or not compliant to the EVM document

	# of cells
	7
	Channel model
	eITU/-PedB

	# of sector per cell
	3
	mobile speed (kmph)
	0/3

	# of cell center user per sector
	0
	Number of BS antenna
	2 or 4

	# of cell edge user per sector
	5
	# of MS antenna
	2

	Cell radius (m)
	866
	channel bandwidth (MHz)
	10

	frequency reuse
	1
	MS noise figure (dB)
	7

	scheduling
	PF
	PHY abstraction model
	MI

	baseline setup
	2x2, STBC/SM
	traffic model
	best-effort

	Antenna azimuth
	3 sector antenna defined in 3GPP
	MCS
	no repetition, QPSK/16QAM/64QAM with CTC

	Permutation
	2x3 AMC defined in 16e, full loaded
	Channel estimation
	Perfect channel with delay

	
	
	
	


5.3 More simulation results: PDF of MCS distribution
Figure 4.PDF of MCS

[image: image18.emf]
5.4 Average system throughput rate at BSs in the center cell
Average system throughput rate (Mbps) at a BS is defined to be mean throughput per frame averaged over X frames and Y trials.  For our simulation, X = 300 and Y = 10.  A CDF of the average system throughput rate can be found in Figure 5.

Figure 5.CDF of average system throughput rate per BS
[image: image19.emf]
5.5 Average cell edge user throughput rate of cell edge users in the center cell

The average cell edge user throughput rate (Mbps) is defined to be mean throughput per frame averaged over X frames and Y trials for each cell edge user in the center cell.  For our simulation, X = 300 and Y = 10.  A CDF of the average system throughput rate can be found in Figure 6
Figure 6. Average cell edge user throughput rate CDF
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Figure � SEQ Figure \* ARABIC �1�.  Simple 2-cell layout
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Figure � SEQ Figure \* ARABIC �3�. Special UL sounding region 
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