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1.
Introduction

At the RAN 1 #40bis meeting, many companies proposed contributions regarding to the multiple access scheme for downlink/uplink (DL&UL) for UTRA evolution [1-6]. Among them, some have provided analysis of the 3GPP LTE requirement and the possible multiple access schemes for DL&UL. Some presented the initial simulation results. There are also some text proposals listing the key aspects and issues affecting the decisions on multiple access schemes.

Due to the fact of the various formats of the contributions each companies using and the diversity in the main topics of each contributions hereinto, a comprehensive and systematic evaluation of these multiple access schemes is hard to achieve. In this contribution, based on the analysis of previous contributions and the research we have done, the multiple access schemes proposed have been classified and organized regarding to different aspects or issues. As a result, a comprehensive evaluation of each proposed scheme has been organized and given in uniform tables. 

Furthermore, according to our analysis, the proposed multiple access schemes are only the applications of known technologies or the combinations of several known technologies. Therefore, the advantages/disadvantages of the technologies used thereinto will determine the advantages/disadvantages of the multiple access schemes. For this reason, we have summarized and compared the pros/cons for each technology so as to facilitate further analysis.
The properties of DL&UL TDD/FDD systems are also be discussed. According to the different properties, we propose the DL/UL multiple access schemes for TDD and FDD systems respectively. 
2. Discussion

2.1
Multiple access schemes comparison

The current multiple access schemes can be classified as the single carrier (SC) based multiple access schemes and the multi carrier (MC) based multiple access schemes.

SC based scheme

S1: SC-WCDMA, conventional WCDMA.

S2: SC-FDMA [1]. Guard band and cyclic prefix (CP) are employed to guarantee the orthogonality between multi users’ signals. Frequency domain equalization (FDE) is also used to simplify the receiver complexity.

S3: SC-TDMA. CP is employed to guarantee the orthogonality between multi users’ signals. Frequency domain equalization (FDE) is also used to simplify the receiver complexity.

S4: SC-FDMA/CDMA, S2+S1.

S5: SC-FDMA/TDMA, S3+S2.

S6: IFDMA/TDMA [2,3,4], IFDMA is employed in different slots. It is the combination of TDMA and IFDMA. Though several previous contributions [2,5] described it as multi carrier based radio access, Considering DFT has not been applied in the modulation process and for the convenience of future discuss, we refer it as single carrier based one in this contribution.
Table 1. Comparisons of different SC based multiple access schemes

	
	SC-WCDMA
	SC-FDMA
	SC-TDMA
	SC-FDMA/
CDMA
	SC-FDMA/
TDMA
	IFDMA/
TDMA

	PAR 
	Low
	Low
	Low
	Low
	Low
	Low

	spectrum efficiency
	Less than OFDM based schemes [6]
	Less than OFDM based schemes (1)
	Less than OFDM based schemes (2)
	Less than OFDM based schemes (3)
	Less than OFDM based schemes (1)
	Less than OFDM based schemes (2)

	synchronization requirement
	relaxed 

	Relaxed due to guard band and CP used
	Relaxed due to CP used
	Relaxed due to guard band used
	Relaxed due to CP used
	Relaxed due to CP used

	intra-cell interference 
	Exist due to multi-paths
	Not exist 
	Not exist
	Not exist
	Not exist
	Not exist

	inter-cell interference mitigation and  supporting for reuse=1
	Achieved by using scrambling codes
	Achieved by frequency domain scheduling
	Achieved by frequency diversity
	Achieved by using scrambling codes
	Achieved by frequency domain scheduling
	Achieved by frequency diversity

	Supporting for higher bandwidths
	Difficult due to multipath number increasing
	Well supported 
	Difficult due to ISI problem
	Well supported
	Well supported
	Well supported

	flexibility of resource allocation
	poor
	poor 
	poor
	good
	good
	good

	Providing frequency diversity
	Yes
	Depend on bandwidth
	Yes 
	Depend on bandwidth
	Depend on bandwidth
	yes

	Providing multiuser diversity
	No
	Yes
	No
	Yes
	Yes
	No

	Supporting for scalable bandwidths
	Not flexible
	Flexible
	Not Flexible
	Flexible
	Flexible
	Flexible

	Receiver architecture


	Rake receiver and equalization needed
	Equaliza-tion needed
	Equaliza-tion needed
	Equaliza-tion needed
	Equaliza-tion needed
	Equaliza-tion needed


(1) Due to Guard band is employed and adaptive modulation in frequency domain cannot be applied.
(2) Due to adaptive modulation in frequency domain cannot be applied.
(3) Due to Guard band is employed, adaptive modulation in frequency domain cannot be applied and Non-orthogonality of CDMA signals.

MC based scheme

M1: MC-CDMA. CP employed to eliminate ISI.

M2: OFDM/TDMA, OFDM for different time slots.

M3: OFDMA, or OFDM/FDMA.

M4: OFDMA/TDMA, M2+M3

M5: OFDMA/TDMA/CDMA. This is a combination of M4 and CDMA, including spreading in time domain, frequency domain and time/frequency domain.

Table 2. Comparisons of different MC based multiple access schemes

	
	MC-CDMA
	OFDM/TDMA
	OFMA
	OFDMA/TDMA
	OFDMA/TDMA/CDMA 

	PAR 
	high
	high
	high
	high
	high

	spectrum efficiency
	Less than OFDM based schemes[6]
	high
	high
	high
	high

	synchronization requirement
	relaxed 

	Strict 
	Strict
	Strict
	Strict

	intra-cell interference 
	Exist due to multi-paths
	Not exist 
	Not exist
	Not exist
	Not exist

	inter-cell interference mitigation and  supporting for reuse=1
	Achieved by using scrambling codes
	Achieved by frequency diversity
	Achieved by frequency diversity or frequency domain scheduling
	Achieved by frequency diversity or frequency domain scheduling
	Achieved by frequency diversity or frequency domain scheduling or using scrambling codes

	supporting for higher bandwidths
	Well supported
	Well supported 
	Well supported
	Well supported
	Well supported

	flexibility of resource allocation
	poor
	Poor
	Poor
	good
	good

	Providing frequency diversity
	Yes
	yes
	Depend on distributed or localized OFDMA used
	Depend on distributed or localized OFDMA used
	Depend on distributed or localized OFDMA used

	Providing multiuser diversity
	No
	No
	Depend on distributed or localized OFDMA used
	Depend on distributed or localized OFDMA used
	Depend on distributed or localized OFDMA used

	supporting for scalable bandwidths
	Flexible
	Flexible
	Flexible
	Flexible
	Flexible

	Receiver architecture


	equalization needed
	simple
	simple
	simple
	simple


According to the above investigation, we have the following conclusions:

SC based schemes have better PAR performance and relax the synchronization requirement. However, their spectrum efficiency is lower than MC Based ones, and its receiver structure is more complex due to equalization is needed.

MC based schemes have poor PAR characteristic and their synchronization requirement are more strict. 
In all MC based schemes, the OFDM based one has the benefits of high spectrum efficiency and simple receiver structure. 
CDMA is very suitable to achieve frequency reuse but have multi-users interference in multipath environment. 
TDMA is an orthogonal scheme by applying CP and GI and is easy to be put into practice. But it needs frequency diversity or complex frequency domain scheduling to achieve reuse=1.

When higher bandwidth, such as 10M or 20M, is used, FDMA can mitigate ISI problem. However, it also have the reuse=1 problem similar to TDMA.

To achieve more resource allocation flexibility the above three schemes should be jointly used.

Distributed FDMA can provide frequency diversity and is more robust than Localized one to achieve reuse=1. But its spectrum efficiency is lower than Localized FDMA for no exploitation of frequency selectivity.

Localized FDMA can provide multi-user diversity. It has high spectrum efficiency by performing frequency scheduling based on channel state information. Therefore, the channel state information feedback is needed from Bs to UE or from UE to BS. Hence, Localized FDMA is much less robust than distributed FDMA to achieved reuse=1. 

2.2
 Analysis of DL&UL systems
Downlink systems

1. In downlink systems, the time synchronization and frequency synchronization can be easily achieved. 
2. The capacity requirement of downlink systems is higher than that of the uplink systems due to downloading service introduced. Therefore, the high spectrum efficiency multiple access schemes should be employed in downlink systems. 
3. For the limitation of cost and complexity, the UE receiver architecture should be as simple as possible. 
4. As the base station transmits multiuser signals simultaneously, the PAR performance is usually poor even though every user uses low PAR modulation schemes.
Uplink systems

1. For the limitation of cost and complexity, the UE transmitter architecture should be as simple as possible. 
2. Considering the aspect of battery life, coverage and so on, high efficiency transmit schemes are necessarily needed. 
3. As different UEs has different distances to base station, different carriers offset and different Doppler frequency offsets, it is difficult to achieved accurate uplink synchronization. 
2.3
 Analysis of TDD and FDD systems
1. In FDD systems, uplink systems and downlink systems have different carriers. Therefore the uplink channel state information (CSI) is different from the downlink channel information. If BS needs the downlink CSI, UE must perform channel estimation and then feedback estimated CSI to BS. On the other hand, if UE need the uplink CSI, BS must perform channel estimation and then feedback estimated CSI to UE.
2. In TDD systems, the frequency band of uplink systems and downlink systems are identical. Therefore the CSI of uplink or downlink systems is also identical. Hence, the downlink CSI can be easily achieved at BS just by estimating uplink CSI.

2.4
Proposal 


1. For Downlink systems, considering the requirement of high capacity, high bandwidth and high spectrum efficiency, simple receiver complexity and the fact that synchronization can be easily achieved in base station, we think the OFDM based schemes are more appropriate for downlink systems. Furthermore, considering the resource allocation flexibility, we think the M4 scheme, which is the method of OFDMA combine with TDMA, should be chiefly considered. If reuse=1 problem is more important in some situation, then M4 combines with CDMA is also a good choice (M5). For the FDD mode, we suggest that the distributed FDMA mode should be employed for resource allocation. As the CSI, which is necessarily needed for frequency domain scheduling, can be easily achieved in TDD systems, we prefer localized FDMA mode for higher spectrum efficiency for TDD mode.
2. In uplink systems, it is difficult to achieved accurate uplink synchronization. Considering the aspect of battery life, coverage and so on, the high efficiency transmit schemes are necessarily needed. Therefore, we think the SC based scheme is more appropriate. In fact, SC based scheme simplified UE complexity at the cost of spectrum efficiency. We think the tradeoff is necessarily needed especially for the low-end UE. But if PAR and synchronization problems could be well solved, the OFDMA based schemes is also a good choice. Furthermore, considering the resource allocation flexibility, we think the S5 or S6 scheme should be chiefly considered. In FDD mode, the distributed FDMA based scheme: SC-IFDMA/TDMA should be proposed. In TDD systems, the localized FDMA based method: SC-FDMA/TDMA should be proposed.

3. Conclusion
For the downlink FDD systems, we think the best scheme would be OFDMA/TDMA with distributed FDMA mode. For the downlink TDD systems, we prefer localized FDMA based OFDMA/TDMA. OFDMA/TDMA/CDMA might also be considered.
For the uplink FDD systems, we think the best scheme would be SC-IFDMA/TDMA. For the downlink TDD systems, we prefer SC-FDMA/TDMA. OFDMA/TDMA might also be considered.
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