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1. Introduction

In last RAN1 meeting, various uplink MA schemes were proposed. In the 3G system, there have been many efforts to reduce PAPR of the uplink transmission, since the effective usage of power amplifier is one of important factors on the UE side. Likewise, the PAPR should be considered during selecting an uplink MA scheme for RAN evolution. In this contribution, we compare the PAPR and CM characteristics of several uplink MA schemes, especially focusing on the OFDM-based schemes such as OFDMA, DFT-s-OFDMA and IFDMA in various conditions. [1-7]
2. PAPR/CM of uplink MA schemes

In this section, we briefly revisit the basic features of OFDM-based uplink multiple access schemes, and then show the simulation results on PAPR and CM.

2.1 Considered MA schemes

<OFDMA>

The structure of conventional OFDMA transmitter is depicted in Figure 1. The modulated Nu data symbols are S/P-converted and then mapped to the Nu subcarriers chosen among Nc total subcarriers, where Nu is the number of subcarriers allocated to a UE and Nc is the number of total subcarriers in the uplink. After zero padding on the remaining Nc-Nu subcarriers, Nc-point IFFT is performed to create time domain output signal. Various mappings from Nu data symbols to Nu subcarriers among Nc subcarriers are possible as illustrated in Figure 2, e.g. (a) randomized allocation, (b) localized allocation, or (c) equidistant allocation.
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Figure 1. Conventional OFDMA transmitter
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Figure 2. Symbol to subcarrier mappings

<DFT-s-OFDMA>

The structure of DFT spread OFDMA transmitter is depicted in Figure 3. The difference from OFDMA is that the S/P-converted data symbols are Nu-point DFT-spread before being mapped to the subcarriers. In other words, each subcarrier carries a portion of superposed DFT spread data symbols. With DFT-s OFDMA, various mappings from Nu spread data symbols to Nu subcarriers among Nc subcarriers are also possible as in the OFDMA case, which is illustrated in Figure 2. It is noteworthy that the transmit signal of DFT-s-OFDMA with equidistant subcarrier allocation like Figure 2 (c) is equivalent to that of IFDMA.
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Figure 3. DFT-s-OFDMA transmitter

<IFDMA>

IFDMA transmitter realized in time domain is depicted in Figure 4. Nu data symbols are repeated by Nc/Nu times, which create a comb-shaped spectrum. This process is equivalent to allocating DFT-spread data symbols to the equidistant subcarriers in frequency domain in the DFT-s OFDMA transmitter. As a result, the IFDMA signal is transmitted as a single carrier. User specific phase is assigned to each user to separate comb-shaped subcarrier groups between different users. 
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 Figure 4. IFDMA transmitter

2.2 Simulation Assumptions 

The basic simulation parameters used in the PAPR/CM simulation are shown in Table 1.

Table 1. Simulation Parameters for PAPR/CM simulation

	Number of total subcarriers (Nc)
	2048 

	Number of used subcarrier for a UE (Nu)
	2048, 1024, 512, 256, 128, 64, 32, 16

	Cyclic prefix 
	Not used

	Modulation
	QPSK, 16QAM

	Pulse shaping filter
	Used (root raised cosine filter with 8 oversamples) or Not used 


To compare the PAPR/CM results of the schemes enumerated in the section 2.1, we considered the following symbol to subcarrier mappings.
OFDMA: Localized subcarrier allocation as in Figure 2 (b). 

DFT-s-OFDMA:
- Randomized subcarrier allocation as in Figure 2 (a), represented by ‘DFT-s-OFDMA_r’.

- Localized subcarrier allocation as in Figure 2 (b), represented by ‘DFT-s-OFDMA_l’.

IFDMA: Equidistant subcarrier allocation as in Figure 2 (c).

The simulations were performed on various traffic load conditions by changing Nu value, the number of subcarriers used by a UE. Both cases of QPSK and 16QAM were considered to find the effects of the modulation order. For a basic view, we firstly considered the cases without any band-limitation techniques such as pulse shaping filter or time domain windowing. And then, we did the simulation with a pulse shaping filter to observe the effects of a practical band limitation technique to the PAPR and CM results.

Time-domain windowing and cyclic prefix were not considered in any cases because it hardly affects the PAPR/CM results. We also simulated the PAPR/CM of WCDMA with peak data rate as a reference case for comparison, where 6 multi-codes for DPDCHs with a pulse shaping filter were assumed.

2.3 Simulation Results

Figure 5 shows the PAPR/CM results of various MA schemes especially without a pulse shaping filter.
In case of OFDMA, we showed only localized subcarrier allocation because the allocation methods don’t affect the PAPR/CM results of OFDMA. In OFDMA, PAPR/CM shows the similar values regardless of QPSK or 16QAM. In addition, as the number of used subcarriers, Nu, is increased, PAPR/CM value increases but converges to a certain limit when Nu, is large enough, e.g. Nu > 32. 

In case of DFT-s-OFDMA, we showed both localized and randomized subcarrier allocation. From the results, randomized allocation shows the similar PAPR/CM values with the OFDMA, but localized allocation shows 1.5~2.5 dB smaller PAPR/CM results. Therefore, localized allocation is preferable when using DFT-s-OFDMA. However, the localized allocation with 16QAM modulation shows PAPR/CM values larger than those with QPSK modulation. In the case of a full traffic load (i.e. Nu=Nc), DFT-s-OFDMA shows very small PAPR and CM, because it is equivalent to the case of a full traffic load in IFDMA.

In case of IFDMA, as expected from its single carrier characteristic, PAPR/CM values are very small, typically, 5~8 dB smaller than OFDMA results, regardless of the change in the traffic loads. PAPR/CM values with 16QAM increase in comparison with those with QPSK due to the difference of power between constellation points.

Figure 6 shows the results with a pulse shaping filter. In case of OFDMA and DFT-s-OFDMA, PAPR/CM values are almost same with those without pulse shaping filter. This is because the multi-carrier transmission techniques already have sufficient amount of different power levels due to the superposition of large number of multi-carriers. Pulse shaping filter only affects the PAPR/CM values of IFDMA which is equivalently a single carrier transmission. The gain in PAPR/CM of IFDMA decreases by 0.7~4.5 dB compared to the case without a pulse shaping filter.

As overall results, we can sort out the schemes in the order of achievable PAPR/CM values as follows:

PAPROFDMA  ( PAPRDFT-s-OFDMA_random > PAPRDFT-s-OFDMA_local > PAPRIFDMA 

We can conclude that IFDMA has the best PAPR characteristic because of its single carrier transmission characteristics, and IFDMA with a pulse shaping filter shows about 0.5~1.5dB lower PAPR than that of the reference WCDMA case. In case of OFDMA, PAPR value is about 2~2.5dB higher than that of the reference WCDMA case. In case of DFT-s-OFDMA, the PAPR results vary depending on the subcarrier allocation. With a localized subcarrier allocation, DFT-s-OFDMA shows similar PAPR values with that of WCDMA, but with a randomized subcarrier allocation, DFT-s-OFDMA shows higher PAPR values as in OFDMA cases. Therefore, we should select the subcarrier allocation method carefully if DTF-s-OFDMA is to be used.

3. Conclusion
This contribution compared the PAPR and CM performances of several multiple access schemes proposed for the uplink of evolved RAN. The results can be summarized as in table 2. For a reduced cost of the UE implementation, PAPR or CM is should be considered as an important factor in designing an multiple access scheme for uplink Therefore, the results presented in this paper may be referred to in the selection of the uplink multiple access scheme for RAN evolution. However, many other aspects as well as PAR/CM should also be considered in comparing the different multiple access schemes further.

Table 2. Summary of PAPR/CM results

	MA scheme

Factor
	OFDMA
	DFT-s-OFDMA
	IFDMA

	
	
	Randomized subcarrier allocation
	Localized subcarrier allocation
	

	Modulation order
	PAPRQPSK

( PAPR16QAM
	PAPRQPSK

( PAPR16QAM
	PAPRQPSK

< PAPR16QAM
	PAPRQPSK

< PAPR16QAM

	Number of used subcarriers  (Nu)
	PAPR converges to an upper-bound as Nu increases (e.g. Nu > 32)
	PAPR converges to an upper-bound as Nu increases (e.g. Nu > 32)
	Almost same PAPR for all Nu
	Exactly same PAPR for all Nu

	with (w) or

without (w/o) pulse shaping filter
	PAPRwPSF

( PAPRw/oPSF
	PAPRwPSF

( PAPRw/oPSF
	PAPRwPSF

( PAPRw/oPSF
	PAPRwPSF

> PAPRw/oPSF

	Overall PAPR/CM results
	PAPROFDMA  ( PAPRDFT-s-OFDMA_random > PAPRDFT-s-OFDMA_local > PAPRIFDMA


(Note) CM results shows almost same tendency with PAPR results
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Figure 5. PAPR and CM results of uplink MA schemes without pulse shaping filter

(Nc is the number of total subcarriers, Nu is the number of subcarriers allocated to a UE)
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Figure 6. PAPR and CM results of uplink MA schemes with pulse shaping filter
(Nc is the number of total subcarriers, Nu is the number of subcarriers allocated to a UE)
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