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Abstract
In this paper, we consider multi-user scheduling to maximize the ergodic capacity near the cell boundary in the uplink of cellular systems. The base station (BS) determines a user pair that can minimize the interference from other cells by exploiting the receive correlation matrices of users from adjacent BSs. The performance of the proposed scheme is verified by computer simulation. Simulation results show that the proposed multi-cell scheduling significantly increase the ergodic capacity near the cell boundary compared to conventional random user scheduling, particularly in highly correlated channel environments.

I. Introduction
Increasing demand for packet data applications in the uplink of cellular networks has encouraged the reuse of frequency spectrum to increase the system capacity. However, if the frequency resources are universally reused in every cell (i.e., a frequency reuse factor of one), the capacity near the cell boundary can severely be degraded by interference from users in the adjacent cells, so-called other-cell interference (OCI) [1]–[4]. Thus, it is desired to mitigate the OCI to increase the uplink capacity near the cell boundary without affecting the frequency reuse factor. 

If neighbor BSs can fully share instantaneous channel state information (CSI) of all users near the cell boundary through a backbone network (or BSs are fully coordinated), each BS can schedule users that yields minimum amount of OCI to each other, maximizing the uplink capacity near the cell boundary [3]. However, this multi-cell user scheduling scheme can suffer from outdated CSI so-called channel mismatch problem. The instantaneous CSI can easily be outdated during the user scheduling process as illustrated in Fig. 1. To alleviate this problem, the use of random multi-cell scheduling without the CSI is often considered in practical systems. However, the random multi-cell scheduling can only guarantee the minimum system capacity near the cell boundary since the OCI cannot be controlled in a proper manner. Recently, the use of spatial correlation
 information has been considered to improve the ergodic capacity near the cell boundary [4]. Since the spatial correlation varies slowly, it can be utilized without the outdated problem [5][6]. However, most of spatial correlation-based scheduling schemes have been proposed in single-cell environments, not multi-cell environments [7].
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In this paper, we consider a new spatial correlation-based user scheduling scheme to maximize the ergodic capacity near the cell boundary in multi-cell environments. To schedule users near the cell boundary, the BSs can only share the receive correlation matrices of users near the cell boundary among themselves. Since the receive correlation varies slowly, it is possible for BSs to exchange the receive correlation of users through backbone networks without the outdated problem [5][6]. Based on the receive correlation matrix of users near the cell boundary, each BS can find the optimal user scheduling strategy that maximizes the total ergodic capacity of the uplink (i.e., minimizes the OCI from the adjacent cells).

The rest of the paper is organized as follows. Section II describes the system model in consideration. Section III proposes a user scheduling scheme that maximizes the ergodic capacity near the cell boundary in the uplink by exploiting the receive correlation of users. Section IV verifies the proposed scheduling scheme by computer simulation. Finally, conclusions are given in Section V.
II. Multi-user SIMO Uplink System
Consider the uplink of a SIMO cellular system, where 
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. Then, the received signal at BS 
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where 
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When the channels are spatially correlated, 
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where 
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 vector whose entries are independent and identically distributed (i.i.d.) zero-mean complex Gaussian with unit-variance, and 
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where 
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) denote the magnitude and phase of the receive correlation, respectively, and the superscript 
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III, Proposed Multi-cell Scheduling Scheme

In this section, we propose a new multi-cell scheduling scheme that maximizes the ergodic capacity near the cell boundary by minimizing the OCI. To this end, we first consider the ergodic capacity near the cell boundary of an uplink SIMO cellular system. Without loss of generality, we assume BS 1 as the target BS. Letting 
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 be the user index scheduled by BS 
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, the received signal at BS 1 can be represented as
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where the first term is the desired signal from user 
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 scheduled by BS 1, the second term is the OCI from users 
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, and the third term is the AWGN vector at BS 1. The OCI and AWGN in (4) can be treated as a colored additive noise defined by
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with invertible covariance matrix
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In an AWGN environment, it is well-known that BS 1 can maximize the output signal-to-noise power ratio (SNR) of user 
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 by means of maximal ratio combining (MRC) onto the direction along 
[image: image47.wmf]1,(1)

Q

h

. In a colored noise environment, BS 1 can maximize the output signal-to-interference plus noise power ratio (SINR) of user 
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 by means of noise whitening followed by the MRC [7]. Thus, the optimal receive beamforming weight vector at BS 1 can be represented as [7][11]
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Then, the corresponding output SINR of user 
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 can be represented as



[image: image51.wmf]1

*1

11,(1)1,(1)1,(1)

QQzQ

P

g

-

=

hKh


(8)

and the ergodic capacity is given by
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Applying Jensen’s inequality, it can be shown that (9) is upper-bounded by
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Since 
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where 
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Thus, the ergodic capacity of the uplink SIMO cellular system near the cell boundary is bounded as
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It is can be seen from (12) that the ergodic capacity of the uplink near the cell boundary in a SIMO cellular system is associated with the receive correlation matrix 
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. If the BSs can share the receive correlation matrices of users near the cell boundary as illustrated in Fig. 2, the BS can determine a pair of users (e.g., one in BS 1 and the other in the adjacent BS) that yields the maximum ergodic capacity. The procedure of the proposed user scheduling scheme can be summarized as follows. The BSs estimate the ergodic capacity for all possible choices of user pairs by exploiting the receive correlation matrix of users near the cell boundary. Then, the BSs determine a pair of users that maximizes 
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For simplicity of description, we consider a simple case where two BSs (i.e., 
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Thus, the ergodic capacity of BS 1 is upper bounded as
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where 
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Here, 
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It can be seen from (15) that 
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where 
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It can be seen from (17) that 
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The condition maximizing the ergodic capacity (i.e., 
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) can also be interpreted as a condition minimizing the OCI. From (14), the average desired and OCI signal power can be respectively represented as
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where
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It can be seen from (20) and (21) that the average desired signal power is a monotonicly increasing function of 
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 in higly correlated channel environments.
IV. Performance Evaluation
The performance of the proposed multi-cell user scheduling scheme is verified by computer simulation in terms of the average desired and OCI signal power, and the ergodic capacity near the cell boundary. The common simulation parameters are summarized in Table I. 

Fig. 3 (a) depicts the impact of the phase difference 
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 is minimized. Fig. 3 (b) depicts the corresponding ergodic capacity near the cell boundary according to 
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. Moreover, the variation of the ergodic capacity increases as the magnitude of the correlation coefficient (i.e., 
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Fig. 4 depicts the ergodic capacity as a function of the average SNR when 16 users are uniformly distributed in the cell. For comparison, the ergodic capacity of random user scheduling without CSI is also depicted. It can be seen that when the channel correlation is large (e.g., 
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), the proposed scheduling scheme noticeably increases the ergodic capacity compared to the random scheduling scheme, but the capacity gain drcreases as the channel correlation decreases. The proposed scheduling scheme is quite effective in highly correlated channel environments and can maximize the ergodic capacity by scheduling users statistically orthogonal to each other.

IV. Conclusion
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(b) Ergodic capacity according to phase difference.

Fig. 3. Impact of the phase difference between the correlation coefficients
We have considered multi-cell user scheduling based on the receive correlation information. The proposed scheduling can maximize the ergodic capacity at cell boundary by scheduling a pair of users minimizing the OCI. The simulation results show that the proposed multi-cell user scheduling scheme provides noticeable performance improvement over the conventional random multi-cell user scheduling scheme in highly correlated channel environments.
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Fig. 2. Modeling of a multi-user SIMO uplink system
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Fig. 4. Comparison of the ergodic capacity near the cell boundary.
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Fig. 1. User scheduling based on the instantaneous CSI.

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































� In this paper, we assume that the BS considers only the receive correlation as spatial correlation in single-input multiple-output (SIMO) cellular systems.
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