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1 Introduction

UL multiple access (MA) has become the prioritized feature according to the LTE-A schedule [1]. 
In this contribution, we analyze the impacts from bandwidth extension and the introduction of UL spatial multiplexing (SM) and Tx diversity (TxD), and then give a proposal for UL MA.
2 N x DFT-s-OFDMA vs. Clustered DFT-s-OFDMA
Carrier aggregation has been agreed in downlink [2]. Similarly, the uplink can adopt the same principle to support wider bandwidth. There are two main proposals for extending DFT-s-OFDMA: N x DFT-s-OFDMA and Clustered DFT-s-OFDMA. Which one is preferable depends on several issues. 
2.1 CM
In the single-PA scenario, the CM value of Clustered DFT-S-OFDMA is smaller than that of N x DFT-s-OFDMA. The gap is around 0.1~0.5dB and decreases as the modulation order or the number of clusters/DFT blocks increases (Shown in Appendix A). In the multi-PA scenario, Clustered DFT-S-OFDMA may not work well [3], but N x DFT-s-OFDMA will ease PA backoff. 
Therefore, the CM is not a key factor to choose between the two schemes for the single PA case. The multi-PA case needs further study.

2.2 MAC to physical layer mapping
There are two main options for this mapping (non-MIMO case):
Option 1: One HARQ per component carrier;
Only N x DFT-s-OFDMA is supported for this option.
Option 2: One HARQ for the overall aggregated component carriers;
Both N x DFT-s-OFDMA and Clustered DFT-s-OFDMA are feasible for this option.
The primary tradeoffs are better link adaptation for Option 1 (especially with non-contiguous carriers), lower segmentation loss [9] for Option 1 (fewer turbo codewords per TB to be decoded all correctly for an ACK), but higher control channel overhead for Option 1. Secondary concerns include that Option 2 may lead to inefficient reuse Rel-8 implementation (e.g. PDCCH format, Layer 2 design, etc.), and that Option 2 may be better for certain small TB and low code rate cases where the larger TB size provides measurable turbo interleaver gain.
Therefore, N x DFT-s-OFDMA is preferred due to more possible option 1. The application of option 2 needs further study.
2.3 UL contiguous or non-contiguous carrier aggregation
An agnostic approach where UL contiguous or non-contiguous carrier aggregation are treated similarly is preferred. In this case, the UL MA should suit both the contiguous and non-contiguous cases. The non-contiguous case has more constraints, as:
· Multiple HARQs should be supported due to different properties of the different carriers and the corresponding benefit from independent link adaptation 
· Multiple RF chains, even multiple PAs, should be supported due to the complexity and cost of transmitter [3] 
· Component carrier shaping to fulfill out-of-band emissions should be performed in baseband to reduce cost

The first constraint mandates N x DFT-s-OFDMA, while the second and third constraints favour N x DFT-s-OFDMA. Therefore, N x DFT-S-OFDMA is preferred.
2.4 Non-contiguous resource allocation for each component carrier
Whether or not to support UL non-continuous resource allocation within each component carrier is very important for the UL MA decision. The cons and pros of non-continuous resource allocation are following:
Cons: 

· Increases the complexity of resource allocation and the overhead of control signaling;

· Contiguous wide bandwidth may be hard to schedule, so cell-edge (esp. power limited) UEs would have less opportunity with high data rate transmission.

· Rel-8 already supports UL frequency hopping, so the gain of non-continuous resource allocation may not be so significant.
Pros: 
· The cell throughput might be improved [4];

· Resource allocation could be more flexible, which may benefit PUSCH and PUCCH multiplexing;
In [5], it is detailed that the target for average spectrum efficiency and the cell edge user throughput efficiency should be given a higher priority than the target for peak spectrum efficiency. So we prefer continuous resource allocation for each component carrier, i.e. only DFT-s-OFDMA supported for each component carrier. Furthermore, relaxing some constraints on the control channel could be considered.
2.5 Proposals

From the above analyses, N x DFT-s-OFDMA should be adopted. Regarding Clustered DFT-S-OFDMA, it’s negative at this stage unless there are more convincing benefits. There also does not appear to be any benefit to supporting both N x DFT-s-OFDMA and Clustered DFT-S-OFDMA.
3 Whether or not to introduce OFDMA
In this part, we will focus on whether or not to introduce OFDMA as a complementary UL MA scheme for different scenarios.
3.1 Non-MIMO & non-carrier aggregation
The initial LTE UL MA study concluded that OFDMA was unnecessary due to higher CM and enhanced performance of DFT-s-OFDMA by advanced receiver, so there is no reason to introduce OFDMA again.

3.2 Carrier aggregation
CM (Shown in Appendix A): The CM gain of N x DFT-s-OFDMA over OFDMA decreases as the modulation order or/and the number of clusters/DFT blocks increase. 
Link performance: The BLER of N x DFT-s-OFDMA worsens as the modulation order or/and the number of allocated RBs per cluster/DFT block increase.
· Low-order modulation: OFDMA has almost same link performance but higher CM;

Low CM is important for cell-edge user and QPSK is preferable for cell-edge user, so N x DFT-s-OFDMA is still beneficial.
· High-order modulation: The CM gap is small and the link gain is 1~2dB with MMSE equalizer but could decrease with advanced equalizer. 
Therefore, the benefits of OFDMA in terms of carrier aggregation flexibility and allocation of data and control channels should be further studied.
3.3 MIMO
Currently, SU-MIMO, MU-MIMO and TxD are the considered UL MIMO schemes for LTE-A. 
(1) CM
For SU-MIMO, the CM value of DFT-s-OFDMA combined with a Rel-8 DL SM scheme will increase if the rank is larger than one or if the precoding is frequency selective. However, the CM does not exceed the CM of a similar Rel-8 DL SM scheme applied to OFDMA [10][6]. For some UEs, e.g. cell edge UEs having a low SNR, rank 1 precoding is useful to obtain a SNR gain from closed loop operation, and these UEs will also benefit from the lower CM of DFT-s-OFDMA [10]. Especially in the rank 1 wideband precoding case, single carrier operation is obtained. 
For TxD, DFT-s-OFDMA combined with most suggested TxD schemes retains the single carrier property (unless carrier aggregation is applied). Reusing the Rel-8 DL TxD schemes (SFBC and SFBC+FSTD) will increase the CM value, but can be modified to retain the single carrier property [11]. In TxD scenarios, which are especially important for cell-edge UEs, DFT-s-OFDMA is preferred to retain a low CM.
For MU-MIMO, the situation is similar to SU-MIMO rank 1 precoding. In this case the precoding is also likely to be wideband to simplify the pairing of MU-MIMO scheduled users. These UEs will thus also benefit from the low CM of DFT-s-OFDM. 

Therefore, OFDMA is not preferred in the SU-MIMO rank 1 precoding, MU-MIMO and TxD scenarios.
(2) Performance
Ideally, OFDMA outperforms DFT-s-OFDMA, and the gain increases at higher SINR and higher-order MCS. But the performance gain still depends on other factors:

· Frequency domain adaptation and diversity
SINR prediction accuracy affects frequency domain scheduling and frequency domain precoding. But, in reality, it is still not clear to us how much the gain of more flexible frequency domain adaptation would be because of the unreliable SINR prediction mechanism in UL.
For frequency diversity gain, it seems small benefit form OFDMA as DFT-s-OFDMA already supports UL frequency hopping.  
· Receiver
Different SU/MU-MIMO receivers will lead to different link performance. For MMSE receiver, OFDMA is better, but the gain decreases at lower SINR, lower-order MCS and more receiver antenna configuration. For the turbo equalization receiver, [7] has shown that with 4 RX antennas, the OFDMA and DFT-s-OFDMA based MIMO schemes have very similar performance. With 2 RX antennas, OFDMA has an advantage of 1%-10% in throughput. In [8], the performance of OFDMA with MLD is slightly better than that of Clustered DFT-S-OFDMA with Turbo equalization.
· Transmission scheme

For TxD, different transmission schemes have been analyzed in [11] and the loss compared to OFDM varies in TU channel between 0.4 dB and 1.0 dB depending on the selected TxD scheme.
· Compatibility

In order to keep backwards compatibility with LTE UEs, UL OFDMA can not be as flexible as in the DL, so some inherent advantages are weakened. Frequency domain scheduling or diversity through distributing over the entire bandwidth may be limited due to contiguous resource allocation for LTE UE. Some possible advantageous designs such as scattered pilot patterns may be problematic, and need further study.
More evaluations are necessary to justify the gain brought by the introduction of UL OFDMA.
(3) Receiver complexity
One argument for introduction of OFDMA is that it simplifies the UL SM receiver implementation. However, this argument is qualitative and needed to see if the argument is convincing for eNodeB at the time LTE-A will be deployed. Firstly, in order to support Rel-8 UL virtual MIMO, a MIMO receiver for DFT-s-OFDMA is already required. Secondly, even if MLD may not be suitable for DFT-s-OFDMA, other advanced receiver could replace it to get the similar performance. 
Therefore, the argument that OFDMA will use a lower complex MIMO receiver than a DFT-s-OFDMA scheme may not be justified. 
3.4 Proposals
From the above analyses, OFDMA could be introduced with some limitations:
· Only multiple-layer MIMO (rank>1) used with OFDMA;

For the single layer MIMO such as rank 1 precoding, TX diversity and UL MU-MIMO, DFT-s-OFDMA will be used which will benefit the low geometry users to keep the CM as low as possible.
· Keep same design baseline as Rel-8 for PUCCH, RS, etc
In addition, the benefits of OFDMA in terms of carrier aggregation flexibility and allocation of data and control channels should be further studied.
4 Conclusions
This contribution details impacts and proposals for UL MA. 
· N x DFT-s-OFDMA vs. Clustered DFT-s-OFDMA;
N x DFT-s-OFDMA should be adopted. There also does not appear to be any benefit to supporting both N x DFT-s-OFDMA and Clustered DFT-S-OFDMA.
· Whether or not to introduce OFDMA
· OFDMA could be introduced as a complementary UL MA scheme with some limitations: 
· Only multiple-layer MIMO (rank>1) used with OFDMA;

· Keep same design baseline as Rel-8 for PUCCH, RS, etc.
· The benefits of OFDMA in terms of carrier aggregation flexibility and allocation of data and control channels should be further studied.
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Appendix A. CM values in the non-MIMO case
Simulation assumptions: 40MHz bandwidth, 10 RBs per cluster/DFT block, and the frequency position of each cluster/DFT block randomly changed per symbol (for other cluster/DFT block size, the CM value is almost the same).
Table 1. CM values in non-MIMO case
	
	Clustered DFT-s-OFDMA
	N x DFT-s-OFDMA
	Localized DFT-s-OFDMA
	OFDMA

	
	numbers of clusters
	number of DFT blocks
	
	

	
	2
	3
	4
	2
	3
	4
	
	

	QPSK
	1.6570
	2.1270
	2.3734
	2.1555
	2.5660
	2.7850
	1.0268
	3.3~3.4

	16QAM
	2.2294
	2.5259
	2.7154
	2.5665
	2.8384
	2.9810
	1.8054
	

	64QAM
	2.3653
	2.6051
	2.7751
	2.6604
	2. 9016
	3.0205
	1.9773
	













































































