IEEE C802.16m-08/100

Project IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.0rg/16>

Title Proposal for Incorporating Single-carrier FDMA into 802.16m

Date 2008-01-17

Submitted

Source(s)  Jianfeng Kang, Adrian Boariu, Shaohua ..
Li jianfeng.kang@nsn.com
Nokia Siemens Corporation adrlan.bogrlu@nsn.com

_ _ shaohua.li@nsn.com

Zexian Li zexian.li@nokia.com
Nokia

Re: IEEE 802.16m-07/047 - Call for Contributions on Project 802.16m System Description
Document, on Multiple access and multi antenna techniques

Abstract Due to its lower CM/PAR and larger cell coverage compared with OFDM, it is proposed to
incorporate single-carrier FDMA into 802.16m specification.

Purpose To incorporate the proposals into the 802.16m SDD.

. This document does not represent the agreed views of the IEEE 802.16 Working Group or any of its subgroups. It

Notice represents only the views of the participants listed in the “Source(s)” field above. It is offered as a basis for
discussion. It is not binding on the contributor(s), who reserve(s) the right to add, amend or withdraw material
contained herein.

| The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution,

Release and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name
any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole
discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication. The
contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16.
The contributor is familiar with the IEEE-SA Patent Policy and Procedures:

Pat?nt <http://standards.ieee.org/guides/bylaws/sect6-7.html#6> and

Policy <http://standards.ieee.org/guides/opman/sect6.html#6.3>.

Further information is located at <http://standards.ieee.org/board/pat/pat-material.html> and
<http://standards.ieee.org/board/pat>.



http://ieee802.org/16
mailto:jianfeng.kang@nsn.com
mailto:adrian.boariu@nsn.com
http://standards.ieee.org/guides/bylaws/sect6-7.html#6
http://standards.ieee.org/guides/opman/sect6.html#6.3
http://standards.ieee.org/board/pat/pat-material.html
http://standards.ieee.org/board/pat

IEEE C802.16m-08/100

Proposal for incorporating single-carrier FDMA into 802.16m

Jianfeng Kang, et al., Nokia Siemens Corporation
Zexian Li, Nokia

Motivations

In the current WiMAX system, OFDMA is used in both UL and DL as the access technique. However, the
single-carrier FDMA with cyclic prefix (CP) provides additional advantages [1][2][3]. It is well known that,
compared to OFDMA, one of the main benefits provided by single-carrier transmission is the significantly
lower peak-to-average power ratio (PAPR) or cubic metric (CM). The PAPR/CM reduction provides
corresponding improvements in power-amplifier efficiency and coverage area. Another problem with OFDMA
in mobile environment is resulting from the inevitable frequency offset in the frequency references among
different terminals [3]. It is already demonstrated in research literature that using SC-FDMA can overcome this
disadvantage, also.

Principle of SC-FDMA

SC-FDMA with cyclic prefix, which utilizes the single carrier modulation and frequency domain equalization,
can be regarded as a variant of OFDMA, similar to which the information symbols are modulated on different
orthogonal subcarriers. However, in SC-FDMA the data is passed through a DFT operation before the
subcarrier mapping (see Figure 1). With this change, compared to OFDMA, SC-FDMA can reduce significantly
the envelope fluctuations in the transmitted waveform.

From Figure 1 it is noticeable that the SC-FDMA can be easily integrated in the current 802.16e framework,
with the exception of the N-DFT block all the subsequent blocks are the same as in the OFDMA case.
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Figure 1 Comparison of transmitter and receiver structure (SC-FDMA vs. OFDMA) [2]
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Performance comparison between SC-FDMA and OFDMA

Performance comparison between OFDMA and SC-FDMA has been carried out in [5]-[6]. Figure 2 from [6]
presents the block error rate (BLER) performance for SC-FDMA and OFDMA with HARQ in the SIMO case.
Ideal channel estimation with typical urban 6 paths channel model is assumed. Chase combining (CC) and
incremental redundancy (IR) are used in HARQ. The performance for the two schemes is very similar with gaps
usually less than 0.5 dB, for some MCSs.
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Figure 2 SC-FDMA versus OFDMA for various modulation and coding sets.

As pointed out in [7], the cubic metric is a more effective measurement of a typical power amplifier in a mobile
handset, [see Appendix]. Similar to PAR, the higher the CM is, the lower the transmitter efficiency. The cubic
metrics of SC-FDMA and OFDMA with different roll-off factors and for different modulations are shown in
Figure 3 [5], where the CM of SC-FDMA shows a consistent lower value than their corresponding OFDM

system.
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Cubic metrics as function of roll-off
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Some results with respect to coverage area are shown in Figure 4 [4]. Here, the typical-urban channel is used in
the simulation. Other simulation assumptions could be found in [4]. From the figure, it is clear that SC-FDMA
provides a consistent higher data rate for the same coverage than OFDMA.
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Figure 4

User bit rate at 90 % availability as function of distance
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Multiplexing method for single carrier users

Considering the legacy support, there are basically two methods to multiplex single carrier users with 16/16e
users, i.e. time division multiplexing (TDM) and frequency division multiplexing (FDM). Of course, the
combination of these two is one option as well.

In TDM mode, by definition, the conventional OFDMA users and SC-FDMA users will be separated by time.
That is to say, the data from SC-FDMA and OFDMA users are time-division multiplexed in the uplink frame, as
shown in Figure 5. Thus a new zone will be defined as SC-FDMA zone which is exclusively reserved for SC
users. This is the easiest and obvious way which should be a viable solution as well. By using TDM method, the
backward compatibility can be easily achieved due to the complete isolation between OFDMA MSs and SC-

FDMA MSs in time domain.
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Figure 5 TDM method of multiplexing SC-FDMA into 802.16m

On the other hand, the principle of FDM is shown in Figure 6, in which the data from SC-FDMA users and
OFDMA users are mapped onto different sub-carriers.
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Figure 6 FDM method of multiplexing SC-FDMA into 802.16m

Conclusion
Based on the performance comparison shown above, we propose to incorporate the single-carrier FDMA into
802.16m.

Appendix
The Cubic Metric (CM) calculation is as follows [7]:

_ 20log,, frms|v2, .. (t)]}- 2010g,, frms|vref 2 ()]} 4B
K

CM




And the values of rms|vref

IEEE C802.16m-08/100

3
Where 20log, {rms[vnwm (t)]} is the called raw cubic metric (in dB) of a signal
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to clarify: rms(x) N and Vo) rms|v(t)]

()] and K could be found in [7] as well.
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Proposed changes

[Insert in the ToC in the PHY layer in the appropriate sections (like Multiple Access Scheme, PHY Processing,
Subcarrier Allocation, etc) provisions for SC-FDMA.]

X XXX Single Carrier FDMA
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