TSG-RAN WG1 #42bis
R1-051190
San Diego, US, October 10-14, 2005
Source:
Ericsson, Fujitsu, Mitsubishi, NTT DoCoMo, NEC, Motorola, Nokia, Panasonic, Samsung, Sharp, Siemens, Toshiba

Title:
TP on uplink single-carrier transmission

Agenda Item:
8.2


Document for:
Discussion and Decision

1. Introduction

Single-carrier transmission combined with FDMA with dynamic bandwidth (SC-FDMA) allocation has emerged as the main candidate for the evolved UTRA uplink transmission scheme [1]. One significant benefit with single-carrier transmission compared to multi-carrier transmission schemes, e.g., OFDM, is the significantly lower peak-to-average power ratio (PAPR) and Cubic Metric (CM) [1]
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[6]. The PAPR/CM reduction provide corresponding improvements in power-amplifier efficiency and coverage. Note that coverage is not only relevant for cell-edge users, but increase the distance from the base station where a certain data rate can be used for any user in the cell. In addition to the inherent lower PAPR,  SC-FDMA also allows for further PAPR reduction beyond the inherent low PAPR/CM of single-carrier transmission, e.g., through the use of PAPR-reducing modulation schemes, coding, spectral filtering, etc [2]. Although PAPR-reducing methods can be applied to OFDM-based transmission schemes, such methods comes at the expense of additional UE complexity as well as reduced performance due to reduced spectral utilization and/or signal corruption.

This paper contains a text proposal capturing the basics of the single-carrier uplink structure to be used for evaluations. The main highlights of the structure are:

· Single carrier transmission based on the DFT-spread OFDM technique is proposed, offering a high degree of commonality with the downlink parameters.

· Support for both localized and distributed transmission, allowing for both frequency-specific and frequency-diverse allocations.

· Possibility for further PAPR reduction beyond the inherently low PAPR/CM of single-carrier transmission.

· A single sub-frame structure with a corresponding numerology is outlined.

2. Conclusion

Single-carrier transmission, SC-FDMA, provides a significant benefit in terms of low PAPR/CM, leading to major advantages in terms of simplified power-amplifier efficiency and improved coverage. Furthermore, unlike OFDMA, SC-FDMA allows for further PAPR reduction, e.g., though the use of PAPR-reducing modulation schemes, coding, spectral filtering, etc. These benefits are all well-known and have been discussed and documented at several earlier RAN1 meetings, while no significant performance drawbacks have been shown in relevant scenarios. Therefore, to progress the work on E-UTRA, it is recommended that:

· Single-carrier transmission is adopted as the working assumption for the E-UTRA uplink.

· The text proposal below is included in TR 25.814 to capture the structure of the uplink single-carrier scheme.
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4. Text Proposal

--- Begin Text Proposal ---

9.1.1
Basic transmission scheme

The basic uplink transmission scheme is based on low-PAPR single-carrier transmission (SC-FDMA) with cyclic prefix to achieve uplink inter-user orthogonality and to enable efficient frequency-domain equalization at the receiver side. Frequency-domain generation of the signal, sometimes known as DFT-spread OFDM, is assumed and illustrated in Figure 9.1.x.x. This allows for a high degree of commonality with the downlink OFDM scheme and the same parameters, e.g., clock frequency, can be reused,
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Figure 9.1.x.x Transmitter structure for SC-FDMA.
The sub-carrier mapping determines which part of the spectrum that is used for transmission by inserting a suitable number of zeros at the upper and/or lower end in Figure 9.1.x.y. Between each DFT output sample L-1 zeros are inserted. A mapping with L=1 corresponds to localized transmissions, i.e., transmissions where the DFT outputs are mapped to consecutive sub-carriers. With L>1, distributed transmissions result, which are considered as a complement to localized transmissions for additional frequency diversity.
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Figure 9.1.x.y. Localized mapping (left) and distributed mapping (right).
Single-carrier transmission allows for further PAPR reduction, e.g., though the use of PAPR-reducing modulation or coding schemes, clipping, spectral filtering, etc. For example, frequency-domain spectrum shaping using a certain roll-off can be applied before IFFT (no roll-off corresponds to the filter being transparent). The selection of the roll-off factor is a trade-off between spectrum efficiency and PAPR, i.e., a higher roll-off factor results in a lower PAPR at the cost of spectral efficiency.

The basic sub-frame structure for the uplink transmission is given in Figure 9.1.1-1 using two short blocks (SB) and six long blocks (LB) per sub-frame. Short blocks are used for reference signals for coherent demodulation and/or control/data transmission. Long blocks are used for control and/or data transmission. Note that the data could include either or both of scheduled data transmission and contention based data transmission. Furthermore, the same sub-frame structure is used for both localized and distributed transmission.
The numerology for the different spectrum allocations is shown in Table 9.1.1-2. The minimum TTI for uplink transmission is equal to the uplink sub-frame duration. Similar to the downlink, the possibility to concatenate multiple sub-frames into longer uplink TTIs should be considered.
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Figure 9.1.1-1. Sub-frame format with two short blocks/sub-frame
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Table 9.1.1-2. Parameters for Uplink Transmission Scheme using BW efficiency of ~90%

	Spectrum Allocation
(MHz)
	Sub-frame duration
(ms)
	Long block size
((s/#of occupied subcarriers /samples*2)
	Short block size
((s/#of occupied subcarriers /samples)
	CP duration
((s/samples *1)


	20
	0.5
	66.67/1200/2048
	33.33/600/1024
	(4.13/127) ( 7,

(4.39/135) ( 1

	15
	0.5
	66.67/900/1536
	33.33/450/768
	(4.12/95) ( 7,

(4.47/103) ( 1

	10
	0.5
	66.67/600/1024
	33.33/300/512
	(4.1/63) ( 7,

(4.62/71) ( 1

	5
	0.5
	66.67/300/512
	33.33/150/256
	(4.04/31) ( 7,

(5.08/39) ( 1

	2.5
	0.5


	66.67/150/256
	33.33/75/128
	(3.91/15) ( 7,

(5.99/23) ( 1

	1.25
	0.5
	66.67/75/128
	33.33/38/64
	(3.65/7) ( 7,

(7.81/15) ( 1


*1: {(x1/y1) ( n1, (x2/y2) ( n2} means (x1/y1) for n1 pilot or data blocks and (x2/y2) for n2 pilot or data blocks
*2: FFT size = samples
Note that the largest CP duration includes guard time for ramp up + ramp down time.
--- End Text Proposal ---
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