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1. Introduction
This contribution discusses issues and provides our views related to uplink access schemes for LTE-Advanced. Uplink access scheme should be selected based on the following philosophy
(1) providing higher average spectrum efficiency while maintaining similar coverage, or cell-edge user throughput, compared with that of LTE in SIMO (1x2) transmission,
(2) offering superior MIMO transmission gain to satisfy the LTE-Advanced requirement,
(3) ensuring full backward compatibility of LTE Rel-8 UEs,
(4) having reasonable implementation complexity.
Based on these criteria, it is recommended to decide LTE-Advanced UL access scheme considering BW
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 20MHz and BW>20MHz scenarios, respectively.
2. Options of UL Access Schemes

There have been several optional schemes proposed for the UL multiple access schemes for LTE-Advanced for BW
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 20MHz and BW>20MHz, respectively [1]-[11].
Within each carrier component, i.e., BW
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 20MHz, there are mainly 4 types of candidate access schemes:

· SC-FDMA: DFTS-OFDM-based single carrier FDMA
· MC-FDMA: DFTS-OFDM-based multi-carrier FDMA
· SC-FDMA + OFDM (SC+OFDM): SC-FDMA for power-limited UEs and OFDM for non-power-limited UEs as well as MIMO transmission
· MC-FDMA + OFDM (MC+OFDM): MC-FDMA for non-MIMO and OFDM for MIMO transmission.
For bandwidth extension, i.e., BW>20MHz, there are mainly two proposals of carrier aggregation for DFTS-OFDM:
· N x DFTS-OFDM

· Clustered DFTS-OFDM
 If OFDM is selected for BW
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 20MHz, OFDM can be also used for bandwidth extension.
In the following, Sections 3 and 4 discuss the case of BW
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 20MHz; Section 5 considers the case of BW>20MHz. Section 3 investigates the impact of resource allocation flexibility in BW
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20MHz. Section 4 discusses the impact from the spatial multiplexing. Section 5 considers the impact of bandwidth extension for BW>20MHz. Finally, we give our preference in Conclusion.

3. Impact of resource allocation flexibility
Firstly, we consider the impact from resource allocation flexibility in BW
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20MHz. SC-FDMA with continuous resource allocation is compared with MC-FDMA and SC+OFDM, which allows discontinuous resource allocation in BW
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20MHz.

Compared with continuous resource allocation, discontinuous resource allocation is more flexible to achieve multi-user diversity and therefore improve the average sector throughput. For SIMO (1x2) transmission, the average sector throughput and cell-edge user throughput are evaluated in non-power-limited case and power-limited case, respectively. The detailed simulation assumption and result analysis is given in Annex. The following is a simple summary to compare MC-FDMA and SC +OFDM with SC-FDMA.
- Non-power-limited case
OFDM is used for non-power-limited UEs. Therefore, the performance of OFDM is listed instead of SC +OFDM When UEs are not power-limited. We can see that the average sector throughput and cell-edge user throughput can be both improved by discontinuous resource allocation.
Table 1 Throughput comparison of non-power-limited case (Full buffer)
	UTRA and EUTRA

simulation Case 1 [13]
(example of 
non-power-limited case)
	SC-FDMA
	MC-FDMA*
	OFDM

	Average  sector throughput (bps/Hz/sector)
	0.676

(x1.0)
	0.899

(x1.33)
	0.99

(x1.46)

	Cell-edge user throughput (bps/Hz/sector/user)
	0.0511

(x1.0)
	0.0546

(x1.07)
	0.0588

(x1.15)


* Here, MC-FDMA allows maximum number of discontinuous spectrum equal to 8 for all UEs.
- Power-limited case

When some UEs are power-limited, MC-FDMA** and SC+OFDM, compared with SC-FDMA, can still achieve higher average sector throughput and similar cell-edge user throughput. 
Table 2 Throughput comparison of power-limited case (Full buffer)
	UTRA and EUTRA

simulation Case 3 [13]
(example of 
power-limited case)
	SC-FDMA
	MC-FDMA**
	SC+OFDM

	Average  sector throughput (bps/Hz/sector)
	0.542
(x1.0)
	0.676 
 (x1.25)
	0.692
(x1.28)

	Cell-edge user throughput (bps/Hz/sector/user)
	0.0150
(x1.0)
	0.0144
(x0.96)
	0.0143
(x0.95)


** In MC-FDMA here, 30% UEs with large path loss and shadowing loss use continuous resource allocation; while, for the other 70% UEs, the maximum number of discontinuous spectrum is equal to 8.

Recommendation: We support introducing OFDM or MC-FDMA (DFTS-OFDM based multi carrier transmission) for BW
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20MHz. The advantage of MC-FDMA and OFDM over SC-FDMA is their high spectrum efficiency by allowing discontinuous resource allocation. Discontinuous resource allocation can achieve higher multi-user diversity than continuous resource allocation in SC-FDMA.  
4. Impact from the spatial multiplexing
In this section, we discuss the impact from the spatial multiplexing. MC-FDMA, SC+OFDM and MC+OFDM are compared in terms of spatial multiplexing gain and receiver complexity.

The complementation support of OFDM is highly dependent on the throughput performance gain and detection complexity. When spatial multiplexing transmission is employed, the user throughput performance is dependent on the signal detection scheme. The maximum likelihood detection (MLD)-based signal detection can be used for OFDM but hardly applicable in DFTS-OFDM (SC-FDMA, MC-FDMA) due to very high level computational complexity [9]. Meanwhile, the MLD-based signal detection provides a higher user throughput than that of successive interference canceller (SIC), where the SIC detection is an advanced receiver and gives better user throughput than that of MMSE detection. Compared with DFTS-OFDM (SC-FDMA, MC-FDMA), OFDM can simplify the receiver implementation with UL spatial multiplexing. Their comparison in terms of link performance [7]~[11] can be summarized as
- For high-geometry UEs using 64QAM and high coding rate, OFDM has larger spatial multiplexing gain than DFTS-OFDM.

- For low-geometry UEs using 16QAM or QPSK or low coding rate, the gain of OFDM over DFTS-OFDM is getting smaller.
Recommendation: 
Preference between OFDM and MC-FDMA is FFS. 

· If there are many high-geometry UEs or simple receiver implementation for MIMO is more important, OFDM will be preferred.
· MC-FDMA for non-MIMO and OFDM for MIMO in MC+FDMA is also possible alternative. Such a combination can simplify variation in UE categories [9], but needs more specification change than SC+OFDM.
· If the percentage of high-geometry UEs is not high or similarity to the current LTE specification is more important, MC-FDMA will be preferred.
5. Impact from bandwidth extension
In this section, the impact from bandwidth extension is considered. As shown in Fig. 1, Clustered DFTS-OFDM has 1 alternative and N x DFTS-OFDM has 2 alternatives. Alternative 2 is N x DFTS-OFDM with only 1 radio frequency (RF) unit, where the component carriers are combined in digital domain. Alternative 3 is N x DFTS-OFDM with multiple RFs, where the component carriers are combined in RF domain and one RF for per component carrier is used. Alternative 3 is reasonable to aggregate far-apart discontinuous carriers.
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Fig. 1 N x DFTS-OFDM vs. Clustered DFTS-OFDM

Clustered DFTS-OFDM and N x DFTS-OFDM are compared as follows:
· Clustered DFTS-OFDM has the CM about 0.3-0.5dB lower than that of N x DFTS-OFDM [1]. 

· N x DFTS-OFDM has slightly better performance than clustered DFTS-OFDM [10].

· N x DFT-S-OFDM is suitable for both discontinuous carrier aggregation as well as continuous carrier aggregation.
Recommendation: 

We slightly prefer N x DFTS-OFDM with considering discontinuous spectrum aggregation. The CM and performance shouldn’t be the deciding factors.

6. Conclusion

In this contribution, uplink access scheme for LTE-Advanced are discussed for BW
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 20MHz and BW>20MHz, respectively. 
For BW
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20MHz, we support introducing OFDM or MC-FDMA (DFTS-OFDM based multi carrier transmission) due to their high spectrum efficiency over SC-FDMA. Preference between OFDM and MC-FDMA is FFS. 

· If there are many high-geometry UEs or simple receiver implementation for MIMO is more important, OFDM will be preferred.
· MC-FDMA for non-MIMO and OFDM for MIMO in MC+FDMA is also possible alternative. Such a combination can simplify variation in UE categories [9], but needs more specification change than SC+OFDM.
· If the percentage of high-geometry UEs is not high or similarity to the current LTE specification is more important, MC-FDMA will be preferred.
For BW>20MHz, we slightly prefer N x DFTS-OFDM with considering discontinuous spectrum aggregation.
Annex: System-level throughput evaluation
The system-level simulation is performed to compare the average sector throughput and cell-edge user throughput of SC-FDMA, MC-FDMA and OFDM. For MC-FDMA, the discontinuous resource allocation is allowed and the number of discontinuous resource block groups is denoted as SD (spectrum division). In the simulation, we use max SD as the upper bound of SD, which can be same for all UEs, i.e., common max SD, or different for UEs, i.e., UE-specific max SD.
The main simulation assumptions are listed in Table A-1 and A-2 and other detailed assumptions have been aligned to [14]. We assume full buffer. Each UE chooses the Node B with strongest received power. The UEs belong to the same Node B are scheduled to achieve maximum throughput according to channel-dependent scheduling. We obtain the normalized throughput through the AWGN reference curve [14] by using the equivalent SINR. Also, we assume the channel estimation error based on the model [15] as well as the sounding reference signal (SRS) estimation error based on model [16] in the simulation.
Firstly, we show the improvement of average sector throughput and cell-edge user throughput by using MC-FDMA and OFDM in Case 1 with inter-site distance of 500m, where the CM is not a problem for such coverage because UEs in Case 1 are interference-limited. Since UEs in Case 1 are not power-limited, OFDM is evaluated instead of SC+OFDM; while, for MC-FDMA, common max SD is used for all UEs. 
Secondly, we consider Case 3 with inter-site distance of 1732m, where some UEs with large path loss and shadowing loss are power-limited. For MC-FDMA, low-geometry UEs use max SD=1; while the other UEs can use max SD=8. For the adaptive selection of SC-FDMA and OFDM, low-geometry UEs use SC-FDMA; while OFDM can be used by the other UEs to make use of flexible resource allocation.
Table A-1 Simulation cases [13]

	Simulation Cases
	Carrier frequency 
(GHz)
	Inter-site distance (m)
	Penetration loss (dB)
	Vehicle speed

(km/h)

	Case 1
	2.0
	500
	20
	3.0

	Case 3
	2.0
	1732
	20
	3.0


Table A-2 Simulation conditions

	Cell Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Bandwidth@Carrier freq.
	10MHz @ 2GHz

	RB number (RB size)
	42 (180 kHz/RB)

	UE power class
	24 dBm

	HARQ
	Synchronous Chase Combing with 8 processes

	Power Control (PC)
	Slow PC, SINRtarget=3dB

	Scheduler
	Proportional fairness 

	Number of UEs in one sector
	10 UEs, uniformly distributed

	Antennas
	 1 transmit antenna x 2 receive antennas

	Fading channel
	6-ray Typical Urban


- Non-power-limited Case (Case 1 when IoTave= 5dB@10MHz)
In [12], we showed that resource utilization is improved by discontinuous resource allocation. In [2], we further showed the improvement of average sector throughput and cell-edge user throughput in non-power-limited case. 
Table A3. Throughput performance in non-power-limited case
	UTRA and EUTRA

simulation Case 1 [13]
(example of 
non-power-limited case)
	SC-FDMA
	MC-FDMA
	OFDM

	
	
	(common max SD=2)
	(common max SD=4)
	(common max SD=8)
	

	Average  sector throughput (bps/Hz/sector)
	0.676

(x1.0)
	0.797
(x1.18)
	0.899

(x1.33)
	0.899

(x1.33)
	0.99

(x1.46)

	Cell-edge user throughput (bps/Hz/sector/user)
	0.0511

(x1.0)
	0.0531

(x1.04)
	0.0530
(x1.04)
	0.0546

(x1.07)
	0.0588

(x1.15)


From Table DFTS-OFDM and OFDM allowing discontinuous allocation give higher throughput than SC-FDMA due to better resource utilization [12].
· The average sector throughput of OFDM is 13% better than that of MC-FDMA (max. SD=8) in interference-limited case. 

· The CDF of equivalent SINR of OFDM is better than those of MC-FDMA and SC-FDMA with simple FDE receiver.

· The performance of MC-FDMA and SC-FDMA can be improved by using advanced receiver.

- Power-limited Case (Case 3 when IoTave= 0dB@10MHz)
We evaluate the throughput performance for Case 3 when average IoT is around 0dB, where around 30% UEs are power-limited. As shown in [2], discontinuous resource allocation, compared with continuous resource allocation, can improve average sector throughput but suffers from lower cell-edge user throughput when conventional proportional fairness (PF) is used. Therefore, in this report, we adjust priority in PF to improve the cell-edge user throughput. When UEs are closer to the cell-edge, the priority weight is higher. Table A-4 compares the throughput of different access schemes when similar cell-edge user throughput can be achieved.
MC-FDMA with common max SD=8 and UE-specific max SD is shown, where UE-specific max SD is set that 30% UEs with large path loss and shadowing loss have max SD=1 and the other UEs have max SD=8. Similarly, SC+OFDM in Table A-4 apply SC-FDMA for 30% UEs with large path loss and shadowing loss and OFDM for the other UEs, respectively. We can see that MC-FDMA (UE-specific max. SD) and SC+OFDM can improve the average sector throughput around 25% and similar cell-edge user throughput compared with SC-FDMA.
Therefore, even in power-limited case, MC-FDMA or SC+OFDM can achieve higher average sector throughput and similar cell-edge throughput, compared with SC-FDMA.
Table A-4. Throughput performance in power-limited case
	UTRA and EUTRA

simulation Case 3 [13]
(example of 
non-power-limited case)
	SC-FDMA
	OFDM
	MC-FDMA
(common max SD=8)
	MC-FDMA
(UE-specific max SD)
	SC+OFDM

	Average sector throughput

(bps/Hz/sector)
	0.542
(x1.0)
	0.662
(x1.22)
	0.675
(x1.25)
	0.676 
 (x1.25)
	0.692
(x1.28)

	Cell-edge user throughput

(bps/Hz/sector/user)
	0.0150
(x1.0)
	0.0094
(x0.63)
	0.0126
(x0.84)
	0.0144
(x0.96)
	0.0143
(x0.95)
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