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1. Introduction

Frequency domain channel-dependent scheduling is beneficial in improving the user and cell throughput performance levels in the E-UTRA uplink using SC-FDMA radio access [1]-[4]. To achieve frequency domain channel-dependent scheduling, a reference signal (pilot channel) with a wider transmission bandwidth than that for the shared data channel is necessary for CQI measurement before transmitting the shared data channel. However, with the limited maximum transmission power of a UE, an excessively wide transmission bandwidth for a reference signal for CQI measurement brings about increased CQI measurement error, and degrades the gain in the frequency domain channel-dependent scheduling for a UE located near the cell boundary. Therefore, we proposed an adaptive transmission bandwidth for a reference signal for CQI measurement according to the path loss between a UE and a Node B. However, assuming the simultaneous multiplexing of a reference signal for demodulation, i.e., channel estimation for a shared data channel with that for CQI measurement using distributed FDMA transmission, the sequence length of the reference signals becomes short, leading to a reduction in the number of reference signal sequences accommodated. Therefore, to avoid the decrease in the number of reference signal sequences, this paper proposes group-wised frequency resource allocation of the reference signals for CQI measurement using an adaptive transmission bandwidth in the frequency domain channel-dependent scheduling in the SC-FDMA based uplink. 

2. Motivation of Group-wised Frequency Resource Allocation

2.1. Adaptive Transmission Bandwidth of Reference Signal for CQI Measurement

In the sub-frame format which was approved in SI discussions [5], there are two short blocks for reference signals, i.e., the pilot channel, within a 0.5-msec sub-frame. To obtain a small overhead for the reference signals, both the reference signal for demodulation, i.e., channel estimation, for shared data channel and that for CQI measurement should be multiplexed into the two short blocks. 


Meanwhile, the reference signal for CQI measurement must be transmitted with a wideband, which covers the entire bandwidth of frequency blocks to be scheduled for frequency domain channel-dependent scheduling in the uplink. We showed that the excessively wideband transmission of a reference signal for CQI measurement degrades the achievable throughput gain in frequency domain channel-dependent scheduling, particularly for a UE located near the cell boundary for two reasons. The first reason is increased inter-cell interference especially from the UE at the cell edge. The second is CQI measurement error due to the decreased received signal power density when the transmission power of the UE is restricted. Therefore, to address this problem, we proposed adaptively controlling the transmission bandwidth of the pilot channel for CQI measurement in frequency domain channel-dependent scheduling [6]. In this method, the transmission bandwidth of the reference signal for CQI measurement is adaptively selected among the pre-determined candidates according to the path loss between a UE and a Node B as shown in Fig. 1. Therefore, by avoiding excessively wide band transmission for the pilot channel, other-cell interference of the pilot channel and CQI measurement error are adequately suppressed. This brings about increased cell and user throughput especially at the cell edge.
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Figure 1 – Adaptive control of the transmission bandwidth for reference signal for CQI measurement

2.2. Number of Available Sequences for Reference Signal

Figure 2 illustrates an example of multiplexing three reference signals using the distributed FDMA transmission during the same short block: two reference signals for CQI measurement with different transmission bandwidths and one reference signal for demodulation. These three reference signals are transmitted from different UEs. 
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Figure 2 – Uniform frequency resource allocation in adaptive control of the transmission bandwidth for reference signal
As shown in Fig. 2, the number of combs is increased according to the increase in the number of multiplexed reference signals (note that the multiplexing of reference signals with different transmission bandwidths is possible only using FDMA). Accordingly, the reference signal sequence length becomes shorter as the number of combs increases. Here, assuming a CAZAC sequence, the number of available CAZAC sequences is reduced as the sequence length becomes shorter. The decrease in the available sequences for reference signals should be avoided to enable flexible sequence assignment in cellular systems. 

In essence, the number of available CAZAC sequences for reference signals is dependent on the following two factors.

· Transmission bandwidth: Narrower transmission bandwidth results in fewer CAZAC sequences

· The number of different transmission bandwidths for the reference signals that are simultaneously multiplexed within the same frequency band: Distributed FDMA, which reduces the number of CAZAC sequences, is needed for multiplexing reference signals with different transmission bandwidths.

In the contribution, we focus on the solution to the second problem. To avoid a decrease in the number of available CAZAC sequences for the reference signal, we propose group-wised frequency resource allocation according to the reference signal bandwidth for CQI measurement, i.e., corresponding to path loss. In the proposed group-wised frequency resource allocation, different frequency blocks are assigned to UEs with different reference signal bandwidths for CQI measurement.

3. Group-wised Frequency Resource Allocation 

The features of the proposed group-wised resource allocation in the frequency domain are as follows.

· Multiple pilot channel (reference signal) transmission bandwidths for CQI measurement are defined. 

· The transmission bandwidth of the pilot channel for CQI measurement is assigned by a Node B according to the path loss between a UE and the Node B. In particular, a narrow transmission bandwidth such as 1.25 MHz is used for a UE located near the cell boundary.

· Different reference signals with different transmission bandwidths are multiplexed into different frequency bands using localized FDMA transmission, i.e., by group-wised resource allocation in the frequency domain.

· Frequency blocks for UEs with reference signals for CQI measurement with different transmission bandwidth are adaptively allocated according to the number of UEs belonging to different path loss condition groups.

· Only a reference signal for channel estimation of the shared data channel is allowed multiplexing within the same short block. The multiplexing between the reference signal for channel estimation and that for CQI measurement is performed through by distributed FDMA transmission.

· Reference signals for CQI measurement with the same transmission bandwidth are multiplexed using CDMA employing the cyclic-shifted sequences originating from the same CAZAC sequence within the same short block.

Figures 3(a) and 3(b) show the proposed group-wised frequency allocation assuming two transmission bandwidths for reference signals for CQI measurement. Figure 3(a) indicates an example when frequency domain channel-dependent scheduling is applied. As shown in the figure, the UE with low path loss uses reference signals for CQI measurement with a wide transmission bandwidth such as 5 MHz. whereas a UE with high path loss, i.e., located near the cell boundary, employs a narrow transmission bandwidth such as 1.25 MHz for CQI measurement. By employing the narrow transmission bandwidth for CQI measurement for a UE near the cell boundary, the improvement in frequency domain channel-dependent scheduling by improving the CQI measurement accuracy exceeds the loss in frequency diversity effect. Furthermore, the reference signal for demodulation is multiplexed with only one reference signal for CQI measurement. 


Figure 3(b) shows an example when the frequency domain channel-dependent scheduling is not used, i.e., only time domain channel-dependent scheduling is used for a narrow-band UE. In this case, the reference signals for demodulation and that for CQI measurement are multiplexed through CDMA since the transmission bandwidths of the two reference signals are identical. 

[image: image3.wmf]For UE with wideband reference 

signal for CQI measurement

For UE with narrowband reference 

signal for CQI measurement

Frequency

Wideband reference signal for CQI measurement

Narrow band reference signal for CQI measurement

Reference signal for demodulation


(a) Frequency scheduling is used for narrowband users
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(b) Frequency scheduling is not used for narrowband users
Figure 3 – Group-wised frequency allocation using adaptive transmission bandwidth for reference signals for CQI measurement


Figure 4 illustrates an example of frequency block separation in the group-wised frequency allocation using an adaptive transmission bandwidth for the reference signals for CQI measurement. The basic concept is that the wideband transmission bandwidth of the reference signal for CQI measurement is allocated in the central part of the entire system bandwidth, whereas the narrow transmission bandwidth is allocated at either end in the system bandwidth. By employing the frequency block application, the out-of-band emissions to the frequency band of either side can be reduced.
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Figure 4 – Example of frequency block separation in group-wised frequency allocation using adaptive transmission bandwidth for reference signals for CQI measurement
4. Options for Transmission Bandwidths of Reference Signals for CQI Measurement
As we addressed in Section 3, the frequency resource allocations of the reference signals with different transmission bandwidths for CQI measurement are adaptively updated according to the number of UEs employing the respective transmission bandwidths. Assuming adaptive frequency resource allocation, the following two options are considered for possible transmission bandwidths of the reference signals for CQI measurement: fixed transmission bandwidths among candidates corresponding to the bandwidths defined in the E-UTRA specification such as 1.25, 2.5, 5.0, 10.0, 15.0 and 20.0 MHz in FDD (Fig. 5) and variable transmission bandwidth according to the frequency block bandwidths of the respective reference signals (Fig. 6). The merits and demerits of the two options for available transmission bandwidths are as follows.

· Fixed transmission bandwidths among candidates corresponding to the bandwidths defined in the E-UTRA specification

· Merits: few options for transmission bandwidths for a UE. 

· Demerits: strict transmission bandwidth assignment using a small number of pre-decided candidates. Since the available transmission bandwidth is limited regardless of the allocated frequency block bandwidth, the gain of the frequency domain channel-dependent scheduling is not maximized.

· Variable transmission bandwidth according to the frequency block bandwidths of respective reference signals

· Merits: flexible assignment of transmission bandwidth of reference signal for CQI measurement according to the bandwidth of the respective frequency blocks. Accordingly, the gain of the frequency domain channel-dependent scheduling can be fully utilized 

· Demerits: increasing options for transmission bandwidths of a UE.

We will decide on either of the two options considering the aforementioned merits and demerits. 
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(a) Case of few UEs with wideband reference signal for CQI measurement
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(b) Case of many UEs with wideband reference signal for CQI measurement
Figure 5 –Transmission bandwidth for reference signals for CQI measurement in adaptive resource allocation (Fixed transmission bandwidth)
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(a) Case of few UEs with wideband reference signal for CQI measurement
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(b) Case of many UEs with wideband reference signal for CQI measurement
Figure 6 –Transmission bandwidth of reference signals for CQI measurement in adaptive resource allocation (Variable transmission bandwidth)
5. Conclusion

This paper proposed group-wised resource allocation in the frequency domain for reference signals for CQI measurement in frequency domain channel-dependent scheduling in the SC-FDMA based E-UTRA uplink. In the proposed group-wised frequency resource allocation, the number of multiplexed reference signals in the same short block can become small, such as only two, i.e., one reference signal for demodulation and one reference signal for CQI measurement. Therefore, we can increase the available CAZAC sequences for the reference signals since the number of multiplexed reference signals through distributed FDMA is minimized. The increasing number of CAZAC sequences is beneficial to achieving a more flexible assignment of CAZAC sequences for the reference signals. 
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