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1 Introduction

The basic uplink transmission scheme is based on single-carrier transmission (SC-FDMA) with cyclic prefix to achieve uplink inter-user orthogonality and to enable efficient frequency-domain equalization at the receiver side. Frequency-domain generation of the signal, sometimes known as DFT-spread OFDM, is assumed for SC-FDMA. There are two types of data transmission depending on the sub-carrier mapping options.
· Distributed mapping, called DFDMA (Distributed Frequency Division Multiple Access), is used for the frequency diversity transmission
· Localized mapping, called LFDMA (Localized Frequency Division Multiple Access), is used for the frequency adaptive transmission.
In this contribution, we compare the distributed mapping and localized mapping approaches from the perspective of the performance and the appropriate services. After that, we propose the possible multiplexing scheme for the above two data transmission options. 
2 Data transmission 
2.1 Comparison of DFDMA and LFDMA
DFDMA is the transmission that uses the equally distanced subcarriers over the large band. The main merit of using DFDMA is that we can get the enough frequency diversity gain. However, from the lack of the pilot density over the frequency band, the real channel estimation performance is worse than that of LFDMA. 
On the other hand, LFDMA is the transmission that uses the subsequent subcarriers through the localized band. Although it is not possible to have enough frequency diversity gain compared to DFDMA, we can see the good real channel estimation performance and have the frequency scheduling as well.
From the link simulation results as shown in figure 1 and table 1, the low SNR case (10% BLER) shows that LFDMA always shows better performance than DFDMA. However, DFDMA can outperform LFDMA when SNR becomes higher (1% BLER) and the repetition factor is large enough. From the above perspectives, DFDMA might be beneficial only for the limited services such as the delay sensitive low rate service, while LFDMA would be generally used.
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Figure 1: Performance comparison between DFDMA and LFDMA

	RPF
	LF@10%
	DF@10%
	superiority
	LF@1%
	DF@1%
	superiority

	5
	3.6
	4.8
	LFDMA
	6.7
	7.1
	LFDMA

	10
	4.7
	6.2
	LFDMA
	8.3
	8.6
	LFDMA

	15
	5.1
	6.7
	LFDMA
	9.4
	9.1
	DFDMA

	20
	5.2
	6.7
	LFDMA
	10
	9.2
	DFDMA

	30
	5.2
	6.8
	LFDMA
	10.6
	9.4
	DFDMA


Table 1: Required SINR (Eb/No (dB)), VA30 channel

2.2 Multiplexing options between DFDMA and LFDMA
This subsection is describing the possible multiplexing options of DFDMA and LFDMA. The possible options are like the followings.
· Frequency multiplexing option #1: This option is to divide the whole band into two parts, one of which is for DFDMA transmission and the other for LFDMA transmission as shown in figure 2. The use of both LFDMA and DFDMA is flexible. Nevertheless, assuming that LFDMA transmission is more than DFDMA transmission, the bandwidth for DFDMA part would be restricted. So, it will lose the frequency diversity gain for DFDMA transmission. The bandwidth for LFDMA is reduced a bit as well, so it will also lose the frequency scheduling gain for LFDMA transmission.
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Figure 2: Frequency multiplexing option #1

· Frequency multiplexing option #2: This option is using the DFDMA transmission interleaved between LFDMA bands as shown in figure 3. DFDMA transmission can get the full frequency diversity gain. It is also good to be able to transmit LFDMA data and DFDMA data every subframe. However, the data rate for DFDMA would be restricted since the repetition factor for DFDMA might be large in order to give the large room for LFDMA. Furthermore, it is difficult to transmit the high data rate with LFDMA transmission if there is only one single DFDMA data. Possible large signalling overhead might be another drawback.
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Figure 3: Frequency multiplexing option #2
· Time multiplexing option: In this option, either LFDMA or DFDMA transmission is employed in a single subframe. The transmission scheme can be changed subframe by subframe as shown in figure 4. The main benefit of this option is the flexibility of allocating the frequency resource inside a subframe. Furthermore, it will not lose the frequency diversity or limit the data size. Signaling overhead also can be minimized.
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Figure 4: Time multiplexing option
From the above observations, it seems that time multiplexing option of DFDMA and LFDMA is the most suitable approach considering the resource allocation flexibility and signalling overhead without losing respective gains. 
2.3 Time multiplexing of LFDMA and DFDMA
This section is to elaborate more on the proposed time multiplexing of LFDMA and DFDMA.
Decision on transmission mode, i.e. LFDMA or DFDMA, can be either done by semi-static manner or dynamically up to the Node B scheduling (FFS). There is no limitation on the usage of DFDMA or LFDMA as shown examples in figure 5.
In UE side, whichever transmission mode is preferred for a UE, it monitors grant channel from the Node B and transmit the data using either DFDMA or LFDMA which matches with the corresponding subframe.
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Figure 5: Time multiplexing examples
3 Conclusion
This contribution described the possible multiplexing options for DFDMA and LFDMA considering the properties of each transmission scheme. It is proposed to use the time multiplexing of DFDMA and LFDMA as the working assumption for data multiplexing in LTE uplink. It is also proposed to include the attached text proposal into the TR 25.814 [1].
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------------------------------------------- Text proposal-----------------------------------------------

9.1.1.3
Channel coding and physical channel mapping
Similar to the downlink, the current assumption is that uplink channel coding for Layer 3 information is based on current UTRA release 6 Turbo coding, possibly extended to lower rates by the extension of additional code polynomials, extended to longer code blocks, and modified by the removal of the tail. However, also similar to the downlink, the use of alternative FEC encoding schemes could be considered if significant benefits in terms of complexity and performance could be shown. 
To achieve high processing gain, repetition coding can be used as a complement to FEC.
Uplink channel coding for lower-layer control signaling is TBD.
The control channel is multiplexed in time domain and may preferably be mapped on the symbols from which the CP is constructed. The control channel may be transmitted in one or more data block (number and position are FFS)
The data channel can be mapped to the physical channel by using either localized or distributed frequency mapping as described in section 9.1.1. Note that data channels of all scheduled UEs in a single subframe should be the same type of mapping among localized and distributed. It is FFS whether the transmission mode among localized and distributed mapping will be configured in semi-static manner or decided dynamically by the Node B scheduler.
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