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1. Introduction

At the RAN1#55bis meeting, the following were agreed upon for the uplink resource allocation schemes.
· Non-contiguous data transmission with single DFT per component carrier (CL-DFT-S-OFDM)
· FFS: Resource allocation based on Rel-8 DL schemes (allocation type 0 and/or 1)
· FFS: At most one new DCI format for non-MIMO
With respect to the number of allocated clusters, this contribution presents our views on uplink resource allocation scheme for Clustered DFT-Spread OFDM in LTE-Advanced.
2. Non-contiguous RB Allocation Method
This section describes two resource block (RB) allocation methods to support non-contiguous RB allocation in the uplink. The first method is to extend RB allocation defined for the Rel. 8 uplink (Contiguous RB allocation) to define the size of a new DCI to be the same as that for DCI format 0 by limiting the maximum number of clusters to two and reducing some bit fields such as the hopping flag [1]. Although the same blind decoding as DCI format 0 (Uplink contiguous allocation) is reused, the frequency scheduling gain is limited in this first method. In order to increase the frequency scheduling gain, the second method employs a different RB allocation scheme. One example of this is to reuse the RB allocation type 0/1 defined for the Rel. 8 LTE downlink. However, since the size of the new DCI becomes different from that for DCI format 0, it requires additional complexity such as additional blind decoding and the use of a semi-static configuration in the uplink transmission mode. 
Since the necessity of the second method depends highly on the frequency-domain scheduling gain by allocating more than two clusters, we evaluate the achievable throughput performance based on the simulation evaluation in the next section.
3. Simulation Evaluations
3.1. Simulation Configurations 

Table 1(a) gives the major link-level simulation parameters. One transmission time interval (TTI) contains 14 SC-FDMA symbols, each of which comprises a 66.7 sec effective symbol and a 4.7 sec cyclic prefix. We assume the QPSK, 16QAM, and 64QAM modulation schemes, and turbo coding with the coding rate of R = 1/8 – 5/6. Two-branch antenna diversity reception is employed at the receiver. We assume ideal received symbol timing detection. Actual channel estimation is conducted based on the coherent averaging of the demodulation reference signal (DM-RS) within a subframe. A frequency domain equalizer based on MMSE is used.

Table 1(b) gives the major system-level simulation parameters. The total system bandwidth is set to 10 or 20 MHz (the occupied bandwidth is 9 or 18 MHz, which corresponds to 50 or 100 RBs), respectively. A 3-cell 19-hexagonal cell-site layout model is assumed. We set the inter-site distance (ISD) to 500 m. The number of user equipments (UEs) per cell on average is set to 10 or 20 and furthermore the number of assigned UEs per TTI is limited in the 4 to 12 range. The locations of the UEs are randomly assigned with a uniform distribution within the cell. We employed the SCM Urban Macrocell channel model [2]. The penetration loss of 20 dB is considered. The maximum UE transmission power is set to 23 dBm. In this simulation, we assume that the back-off value from the maximum transmission power related to the application of Clustered DFT-Spread OFDM is decided based on the cubic metric (CM) calculation [3].
We assume a full buffer traffic model. Proportional fairness (PF)-based time and frequency domain channel-dependent scheduling is used. In this simulation, we assume that the granularity of the RB allocation is set to 3 or 4 RBs for 10 or 20 MHz system bandwidth, respectively. Except for 2 and 4 RBs for the overhead of the uplink control channel (PUCCH), 48 and 96 RBs are assigned to each TTI for 10 and 20 MHz system bandwidth, respectively. The control delay of the frequency domain channel-dependent scheduling and adaptive modulation and coding (AMC) is set to 6 msec. The SRS transmission bandwidth is adaptively changed according to the path loss and the SRS transmission interval is set to 5 msec. Furthermore, we consider channel measurement error for SRS based on [4]. We apply chase combining as hybrid automatic repeat request (HARQ), and the round trip delay (RTD) for retransmission is assumed to be eight TTIs. Fractional transmission power control (TPC) with  = 0.6 and P0 = 60 dBm is employed.
Table 1 – Simulation parameters
(a) Link-level simulation parameters
[image: image1.emf]MMSE-based frequency domain equalizer Receiver

Subframe length  1.0 msec (14 SC-FDMA symbols)

Symbol 

duration

Effective data

66.7 



sec

Cyclic prefix

4.7 



sec

Modulation and 

channel coding scheme

QPSK (R = 1/8, 1/6, 1/4, 1/3, 1/2, 2/3, 5/6)

16QAM (R = 1/2, 3/5, 2/3, 3/4, 5/6)

64QAM (R = 3/5, 2/3, 3/4, 4/5)

Channel coding / decoding

Turbo coding (K = 4) / 

Max-Log-MAP decoding

Received timing detection Ideal

Channel estimation Real

MMSE-based frequency domain equalizer Receiver

Subframe length  1.0 msec (14 SC-FDMA symbols)

Symbol 

duration

Effective data

66.7 



sec

Cyclic prefix

4.7 



sec

Modulation and 

channel coding scheme

QPSK (R = 1/8, 1/6, 1/4, 1/3, 1/2, 2/3, 5/6)

16QAM (R = 1/2, 3/5, 2/3, 3/4, 5/6)

64QAM (R = 3/5, 2/3, 3/4, 4/5)

Channel coding / decoding

Turbo coding (K = 4) / 

Max-Log-MAP decoding

Received timing detection Ideal

Channel estimation Real


(b) System-level simulation parameters
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3.2. Simulation Results 

Table 2(a) and 2(b) show the cell throughput and cell-edge user throughput at 5% in the CDF (Cumulative Distribution Function) performance for 10 MHz system bandwidth, respectively. The maximum number of clusters, Nc, for RB allocation is parameterized in the 1, i.e., single carrier transmission in the Rel. 8 LTE uplink, to 4 range. The simulation results in the case that Nc is unlimited are also given as a reference. Table 2 shows that Clustered DFT-Spread OFDM with Nc = 2 and 3 achieves 11 and 16% (9 and 12%) higher cell throughput without channel measurement error (with channel measurement error) compared to single carrier transmission in the case of the number of UEs per cell with 10 and the number of assigned UEs per TTI with 6. This is because Clustered DFT-Spread OFDM can flexibly allocate the non-contiguous RBs with good channel conditions. Table 2 also shows that the improvement in the throughput performance is almost saturated at Nc = 3. Furthermore, as the number of assigned UEs per TTI decreases, throughput gain compared to the single carrier transmission increases. Meanwhile, when the number of UEs per cell is 20 in the case of the number of assigned UEs per TTI with 6, Clustered DFT-Spread OFDM with Nc = 2 and 3 achieves 10 and 14% (9 and 12%) higher cell throughput without channel measurement error (with channel measurement error) compared to single carrier transmission. Throughput gain for Clustered DFT-Spread OFDM with more than one cluster relatively slightly decreases compared to that in the case of the number of UEs per cell is 10, since user diversity becomes large.

Table 3(a) and 3(b) show the cell throughput and cell-edge user throughput performance for 20 MHz system bandwidth, respectively.  Basically, the same tendency is observed compared to Table 2. For example, in the case of the number of UEs per cell with 10 and the number of assigned UEs per TTI with 10, Clustered DFT-Spread OFDM with Nc = 2 and 3 achieves 9 and 14% (7 and 12%) higher cell throughput without channel measurement error (with channel measurement error) compared to single carrier transmission. Table 3(a) also shows that even when Nc > 3, the cell throughput increases further in the case of 20 MHz system bandwidth.
Based on the simulation results, we confirm that it is necessary that the maximum number of clusters be set to at least more than two in order to obtain efficiently improvement in the throughput using Clustered DFT-Spread OFDM.
Table 2 – Cell throughput and cell-edge user throughput for 10 MHz system bandwidth
(a) Cell throughput
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(b) Cell-edge user throughput
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Table 3 – Cell throughput and cell-edge user throughput for 20 MHz system bandwidth
(a) Cell throughput
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(b) Cell-edge user throughput
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4. Conclusion

This contribution described our views on the uplink resource allocation scheme for Clustered DFT-Spread OFDM in LTE-Advanced. Based on the simulation results, we clarified the throughput gain when non-contiguous RB allocation was applied. We proposed that it is necessary that the maximum number of clusters be set to at least more than two in order to obtain efficiently improvement in the throughput using Clustered DFT-Spread OFDM.
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