3GPP TSG RAN WG1 Meeting #56                                                      R1-090899
Athens, Greece, February 9 – 13, 2009
(Original R1-083683)

Source:
NTT DOCOMO, Panasonic
Title:
UL Transmission Bandwidth in LTE-Advanced
Agenda Item:
12.1
Document for:  Discussion and Decision

1. Introduction
This contribution investigates the maximum uplink transmission bandwidth and its impact on the radio access scheme in LTE-Advanced. In this contribution, we propose to limit the maximum uplink transmission bandwidth per UE to approximately 40 – 60 MHz, i.e., aggregation of two to three component carriers. Note that we focus on the maximum uplink transmission bandwidth regardless of the application of spectrum aggregation. 

2. Motivation for Specifying Maximum Uplink Transmission Bandwidth
In this section, we present our motivation for specifying the maximum uplink transmission bandwidth per UE in LTE-Advanced. 

(1) UE power limitation in uplink
In the downlink, a wider reception bandwidth capability directly contributes to an increase in the user throughput as shown in Fig. 1(a). Meanwhile, in the power-limited uplink considering the limited transmission power of a UE, the wider transmission bandwidth capability does not necessarily contribute to an increase in the user throughput, since there is a tradeoff relationship between the transmission bandwidth and the power spectrum density as shown in Fig. 1(b). Thus, the capability of an excessively wider transmission bandwidth increases the UE complexity unnecessarily while providing only a limited gain in the user throughput.
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(b) Uplink
Figure 1 – Difference between downlink and uplink
(2) Impact on radio access specification
In the LTE-Advanced uplink, clustered DFT-Spread (DFTS)-OFDM and multi-carrier (N x) DFTS-OFDM were proposed as radio access schemes for a transmission bandwidth wider than 20 MHz [1, 2]. Then, the N x DFTS-OFDM was agreed at the RAN1#55 meeting. However, in this scheme, the peak-to-average power ratio (PAPR) is increased according to the increase in the transmission bandwidth, i.e., the number of aggregated component carriers for the uplink transmission. Figure 2 illustrates this principle. In this case, the maximum UE transmission power is decreased according to an increase in the number of DFTs for N x DFTS-OFDM. Thus, the maximum number of DFTs for N x DFTS-OFDM should be specified for the UE to determine the maximum transmission power. Furthermore, a wider uplink transmission bandwidth increases the number of options for the downlink/uplink control signaling formats such as hopping patterns in the PUCCH. Therefore, the maximum uplink transmission bandwidth per UE should be specified to avoid the unnecessary options in the radio interface.
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Figure 2 – Wider transmission bandwidth and increase in PAPR in LTE-Advanced uplink
Based on the reasons mentioned above, we propose specifying the maximum uplink transmission bandwidth in LTE-Advanced.
3. Views on Maximum Uplink Transmission Bandwidth
In this section, we propose our views on the maximum uplink transmission bandwidth per UE in LTE-Advanced.  The target peak data rate in LTE-Advanced is set to 500 Mbps [3]. Thus, the maximum uplink transmission bandwidth should be designed to satisfy the target value. Table 1 summarizes the peak data rate values achieved with respect to the transmission bandwidth and the number of transmission antennas. 
· From the table, the target peak data rate of 500 Mbps is achieved by a 40-MHz transmission bandwidth using 4-by-4 MIMO multiplexing.

· We consider that the greater than 300 Mbps is sufficient as the peak data rate achieved by 2-by-2 MIMO multiplexing, taking into account the future traffic demand in the uplink

Hence, we see that the maximum uplink transmission bandwidth of 40 – 60 MHz per UE is sufficient to achieve the target peak data rate of 500 Mbps using 4-by-4 MIMO multiplexing and greater than 300 Mbps using 2-by-2 MIMO multiplexing.
Table 1 - Peak data rate values according to Tx bandwidth and number of Tx antennas
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4. Conclusion

In this contribution, we proposed specifying the maximum uplink transmission bandwidth per UE to avoid unnecessary options in the radio interface.  We recommend that the maximum uplink transmission bandwidth per UE be approximately 40 – 60 MHz, which corresponds to the maximum number of component carriers of two or three.
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