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1. Introduction

This contribution discusses overview of EUTRA uplink based on single carrier multiple access schemes. Several uplink numerology options, frame and pilot structure, are also discussed in this contribution.

2. Overview of EUTRA Uplink

The EUTRA uplink should be based on the following characteristics:

a. Low PAPR or Cubic Metric to reduce cost, size, heat dissipation and current drain of the UE power amplifier.

b. Support of scalable bandwidth 1.25/2.5/5/10/15/20 MHz.

c. Reduced intra-cell interference using orthogonal uplink transmission and reduced inter-cell interference using various interference control techniques.

d. Support of adaptive modulation and coding, HARQ etc. similar to Release-6 HSUPA.

e. Fast Node-E scheduling based on both frequency selective and non-frequency selective schemes.

f. Shorter sub-frame size for reduced latency.

g. Support of advance multiple antenna techniques like MIMO, SDMA etc.

To meet the above characteristics, single carrier based modulation with cyclic prefix (CP) is proposed for EUTRA uplink.  Two flavors of single carrier transmission are proposed, i) localized FDMA where the sub-carriers are grouped together over part or the entire band to support frequency specific scheduling and distributed FDMA where the sub-carriers are equally spaced over the whole band and exploits frequency diversity.  Two types of transmit processing namely Interleaved Frequency Division Multiple Access (IFDMA) and DFT-Spread OFDM briefly described below can be used to support both localized and distributed FDMA.

i) Interleaved Frequency Division Multiple Access (IFDMA):

IFDMA is a multi-carrier orthogonal modulation and multiple-access scheme that combines some of the desirable characteristics of both OFDM and single carrier modulation. It maintains the moderate peak-to-average ratio of single carrier systems while supporting a wide range of data rates and providing frequency diversity to low data rate users. With IFDMA, a number of data symbols are grouped into a block and the block is repeated L times prior to the addition of a cyclic prefix, modulation and filtering (typically with a root-raised cosine filter) as shown in Figure 1.  The IFDMA can be operated in distributed FDMA mode if the repetition factor (L) is greater than 1 and in localized mode with L=1 with using pulse shaping digital filters tuned accordingly to user bandwidth.  Optional DS spreading can be used with IFDMA to further provide frequency diversity.  The receiver in this system is based on Frequency Domain Equalization (FDE). 
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Figure 1.  Block Diagram of IFDMA

ii) DFT Spread OFDM (DFT S-OFDM)

Localized and Distributed FDMA system can also be implemented in the frequency domain using DFT S-OFDM.  In this implementation shown in Figure 2 (for localized FDMA mode) and Figure 3 (for distributed FDMA mode), an M point FFT of the coded data symbols is taken, followed by sub-carrier mapping. An N point IFFT where N>M is then performed followed by addition of CP and parallel to serial converter. 
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Figure 2. Block Diagram of DFT S-OFDM (Localized FDMA)
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Figure 3. Block Diagram of DFT S-OFDM (Distributed FDMA)

3. IFDMA vs. DFT S-OFDM

The pros and cons of IFDM vs. DFT S-OFDM are as follows:

1. The transmit processing for IFDMA is done in the time domain and uses digital filters whose bandwidth can be tuned for the localized FDMA case based on the transmit data rate.

2. The transmit processing for DFT-SOFDM is done in the frequency domain and uses two FFT’s.

3. The IFDMA bandwidth efficiency (excluding CP and overhead) is lower than DFT-SOFDM.  As an example, with 4.096 chip rate for IFDMA the BW efficiency is approximately 81.9% whereas DFT S-OFDM has the same bandwidth efficiency as DL which is approximately 90%.

4. For IFDMA operating in a narrow bandwidth (e.g 1.25 MHz) localized mode, the ramp up and ramp down time of the pulse-shaping filter may be greater than CP (6-8 s) thus reducing the delay spread protection provided by the CP.  As an example, the ramp up/down time of the SRC filter is approximately 3 to 4 chips.  For 500 kcps rate, the chip length is 2s, which translates to a ramp up plus ramp down time of 12-16 s and thus additional overhead.  Since there is no digital filtering for DFT-SOFDM the ramp up/down time is much shorter.

5. The PAPR/CM of the IFDMA is lower than that of DFT S-OFDM as shown in Figure 4. It may be noted that no pulse-shaping was done for DFT-SOFDM.  Investigation into PAPR/CM reduction techniques for DFT-SOFDM is currently underway.
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Figure 4. PAPR comparison of IFDMA and DFT-SOFDM
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Figure 5. CM Comparison of IFDMA and DFT-SOFDM

4. Radio Frame Structure for EUTRA Uplink

EUTRA uplink should have the same frame structure as EUTRA downlink [1] where a 10ms radio frame is composed of twenty (20) 0.5ms sub-frames as shown in Figure 6.  Multiple sub-frames may be concatenated to form a long frame.  In this way, the sub-frames can support short packets requiring low latency whereas long frames will be used for supporting larger packets thus avoiding fragmentation and consuming less control overhead.  It may be noted that the data symbols may correspond to either scheduled data transmission or contention based transmission (e.g. RACH).
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Figure 6. Frame Structure for EUTRA Uplink with an example pilot structure of 1 pilot symbol per sub-frame

5. Pilot Structure for EUTRA Uplink

It is proposed that the pilot channel for EUTRA uplink be TDM’ed with the shared data channel.  However, having the pilot FDM’ed with the shared data channel is currently being explored. In the FDM pilot option, the pilot is present all the time and the data and pilot use different sub-carriers.  The potential advantage for this option is lower pilot overhead but drawbacks include higher PAPR/CM than TDM pilot, difficulty in code tree management etc.

The performance of one and two pilot symbols per sub-frame TDM structures was evaluated. Figure 8 and Figure 9 shows the performance of IFDMA uplink for 2.304 Mbps data rate using QPSK modulation, repetition factor of 1, R=1/3 coding and with Node-B Rx diversity with one and two pilot symbols per sub-frame respectively.   
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Figure 8. Performance with one pilot symbol/sub-frame.
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Figure 9. Performance with two pilot symbol/sub-frame.

It may be observed from the figures that there is a modest improvement in performance at higher speeds with two pilot symbols/sub-frame.  The performance of using a pilot symbol shorter than the data symbol is currently being evaluated. 

6. Contention Channel (RACH) Structure

The key goal of the RACH is getting rapid access to system resources.  The principle of RACH can be based on slotted ALOHA and is similar to Release-99/4/5/6.  Two types of RACH should be investigated, a) short RACH: which occurs fairly often (e.g., every other radio-frame) and b) a longer RACH: which occurs less frequently (e.g., every 10th radio frame).

7. Numerology for EUTRA Uplink

Table 1 shows an example of IFDMA numerology with 0.5ms sub-frame and chip rate of 4.096 Mcps.  Table 2 and Table 3 show the numerology options for DFT-SOFDM with 0.5ms sub-frame and occupied bandwidth of ~4.5 MHz.
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frame duration (ms)

0.5 0.5 0.5 0.5 0.5 0.5

FFT size

1024 768 512 256 128 64

Sampling rate: M/N x 3.84 MHz 64/15 16/5 32/15 16/15 8/15 4/15

subcarriers (occupied)

1024 768 512 256 128 64

symbol duration (us)

71.35 71.29 71.29 71.04 70.80 70.31

useful (us)

62.50 62.50 62.50 62.50 62.50 62.50

CP (us)

8.85 8.79 8.79 8.54 8.30 7.81

(CP + Ramp)/Tu  (%)

14.29% 14.29% 14.29% 14.29% 14.29% 14.29%

CP (samples) 145 108 72 35 17 8

subcarrier spacing (kHz)

16 16 16 16 16 16

Chip Rate (MHz)

16.384 12.288 8.192 4.096 2.048 1.024

BW Efficiency (%) 81.92% 81.92% 81.92% 81.92% 81.92% 81.92%

Ramp-up and Ramp-down (samples)

9.00 12.00 8.00 11.00 9.00 8.00

Ramp-up and Ramp-down (us)

0.549316 0.976563 0.976563 2.685547 4.394531 7.8125

symbols per frame

7 7 7 7 7 7

QAM Symbol Rate (Msps)

14.336 10.752 7.168 3.584 1.792 0.896

Parameter

Carrier Bandwidth (MHz)


Table 1. IFDMA Numerology with 0.5 ms sub-frame.
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frame duration (ms)

0.5 0.5 0.5 0.5 0.5 0.5

FFT size

2048 1536 1024 512 256 128

Sampling rate: M/N x 3.84 MHz 8/1 6/1 4/1 2/1 1/1 1/2

subcarriers (occupied)

1201 901 601 301 151 76

symbol duration (us)

71.39 71.35 71.35 71.22 71.09 70.83

     useful (us)

66.67 66.67 66.67 66.67 66.67 66.67

     CP (us)

4.72 4.69 4.69 4.56 4.43 4.17

(CP + Ramp)/Tu  (%)

7.14% 7.14% 7.14% 7.14% 7.14% 7.14%

CP (samples) 145 108 72 35 17 8

subcarrier spacing (kHz)

15 15 15 15 15 15

occupied BW (MHz)

18.015 13.515 9.015 4.515 2.265 1.14

BW Efficiency (%) 90.08% 90.10% 90.15% 90.30% 90.60% 91.20%

subchannels

80 60 40 20 10 5

     subcarriers/subchannel

15 15 15 15 15 15

     subchannel BW (kHz) 225 225 225 225 225 225

Ramp-up and Ramp-down (samples)

9.00 12.00 8.00 11.00 9.00 8.00

Ramp-up and Ramp-down (us)

0.292969 0.520833 0.520833 1.432292 2.34375 4.166667

symbols per frame

7 7 7 7 7 7

QAM Symbol Rate (Msps)

16.8 12.6 8.4 4.2 2.1 1.05

Parameter

Carrier Bandwidth (MHz)


Table 2. DFT-SOFDM Numerology Option 1: 0.5 ms sub-frame (similar numerology as proposed for downlink).
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frame duration (ms)

0.5 0.5 0.5 0.5 0.5 0.5

FFT size

2048 1536 1024 512 256 128

Sampling rate: M/N x 3.84 MHz 17/2 51/8 17/4 17/8 17/16 17/32

subcarriers (occupied)

1121 841 561 281 141 71

symbol duration (us)

71.38 71.36 71.32 71.20 71.08 70.59

     useful (us)

62.75 62.75 62.75 62.75 62.75 62.75

     CP (us)

8.64 8.62 8.58 8.46 8.33 7.84

(CP + Ramp)/Tu  (%)

13.84% 13.84% 13.84% 13.84% 13.84% 13.84%

CP (samples) 282 211 140 69 34 16

subcarrier spacing (kHz)

15.9375 15.9375 15.9375 15.9375 15.9375 15.9375

occupied BW (MHz)

17.86594 13.40344 8.940938 4.478438 2.247188 1.131563

BW Efficiency (%) 89.33% 89.36% 89.41% 89.57% 89.89% 90.53%

subchannels

112 84 56 28 14 7

     subcarriers/subchannel

10 10 10 10 10 10

     subchannel BW (kHz) 159.375 159.375 159.375 159.375 159.375 159.375

Ramp-up and Ramp-down (samples)

10.00 11.00 12.00 13.00 10.00 12.00

Ramp-up and Ramp-down (us)

0.306373 0.449346 0.735294 1.593137 2.45098 5.882353

symbols per frame

7 7 7 7 7 7

QAM Symbol Rate (Msps)

15.68 11.76 7.84 3.92 1.96 0.98

Parameter

Carrier Bandwidth (MHz)


Table 3. DFT-SOFDM Numerology Option 2: 0.5 ms sub-frame (longer CP than option 1).

The DFT-SOFDM option 1 is similar to the proposed numerology for the downlink while option 2 has a longer CP duration compared to option 1.

8. Conclusions

In this paper, the overview of EUTRA Uplink based on single carrier transmission is discussed.  The following conclusions are drawn:

a. Uplink based on low-PAPR single carrier transmission scheme.

b. Same sub-frame duration (0.5ms) as that of DL.

c. Multiple sub-frames concatenated to form longer TTI.

d. Pilot TDM’ed with data.  Possibility of FDM pilot structure and other TDM structures under investigation.

e. Two different implementation of single carrier transmission scheme: IFDMA and DFT-SOFDM discussed.

f. Numerologies for IFDMA and DFT-SOFDM proposed.  The IFDMA numerology is based on a chip rate of 4.096 Mcps and has a CP of approximately 8.5 s.  Two different numerology for DFT-SOFDM are proposed, one similar to that of DL [3] and the other based on a longer CP of approximately 8 s. 
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