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1. Introduction
Single-carrier based radio access is a major candidate for the evolved UTRA uplink transmission scheme, e.g. [1]. Following contributions supporting single-carrier FDMA radio access in the uplink in RAN1 adhoc in June and #42 meetings, we submitted joint text proposal on single-carrier FDMA radio access based on DFT-Spread OFDM in the uplink [2]. In the contribution, the effective use of localized and distributed FDMA is adopted. This contribution presents application methods of localized and distributed FDMA to physical channels for single-carrier FDMA based radio access in the Evolved UTRA uplink. 
2. Pilot Channel
We have proposed intra-Node B orthogonal pilot channel among simultaneous accessing users in the same Node B [3].  FDMA and CDMA are the promising candidates to achieve intra-Node B orthogonal pilot channel, because peak power is increased according to the number of simultaneous UEs in TDMA. Further, in FDMA, distributed FDMA provides more accurate channel estimation than localized FDMA.  Figure 1 shows the intra-Node B orthogonal pilot channel employing distributed FDMA. 
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Figure 1 – Orthogonal pilot channel employing distributed FDMA

3. Contention-Based Channel 

For the contention-based channel, Fast access channel (Random access channel), Reservation channel, and Uplink synchronization channel are considered (the necessity of Uplink synchronization channel is FFS).  Our proposed candidates on contention-based channel structure are as follows (please see Figs. 2 (a)-(d)).
· Localized FDMA with 1.25-MHz bandwidth 

· Frequency diversity effect is small
· Packet detection probability for collision is improved only by channel coding gain

· Combination of localized FDMA and spreading (repetition) with 1.25-MHz bandwidth or wider
· Large frequency diversity is gained 

· Packet detection probability for collision is improved by channel coding and processing gain

· Distributed FDMA with 1.25-MHz bandwidth or wider
· Large frequency diversity is gained 
· Packet detection probability for collision is improved only by channel coding and different comb usage
· Combination of distributed FDMA and spreading (repetition) with 1.25-MHz bandwidth or wider
· Large frequency diversity is gained 

· Packet detection probability for collision is improved by channel coding, different comb usage, and processing gain

Note that spreading is only to obtain processing gain and then, we don’t use code multiplexing in the same user to avoid increase of peak-to-average power ratio (PAPR). The optimum candidate(s) should be decided considering high packet detection probability and influence of channel estimation determined by transmission bandwidth.
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(a) Localized FDMA with 1.25-MHz bandwidth
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(b) Combination of localized FDMA and spreading (repetition) with 1.25-MHz bandwidth or wider
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(c) Distributed FDMA with 1.25-MHz bandwidth or wider
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(d) Combination of distributed FDMA and spreading (repetition) with 1.25-MHz bandwidth or wider

Figures 2 – Multiple access schemes of contention-based physical channels
4. Shared Data Channel

The shared data channel conveys the traffic data and Layer 3 control messages. We assume application of channel-dependent scheduling to Shared data channel to improve user and sector throughputs. 
4.1. Considerations on Channel-dependent scheduling for single-carrier FDMA
Channel-dependent scheduling in the uplink is roughly categorized into following 2 schemes [4].

· Method 1: Time domain channel-dependent scheduling using pre-assigned frequency bandwidth

· Method 2: Frequency and time domain channel-dependent scheduling

For the 2 methods, we clarified following results

· Channel-dependent scheduling is beneficial to improving sector throughput for single-carrier FDMA radio access 
· In the frequency and time domain channel-dependent scheduling method, the further improvement in sector throughput by exploiting frequency domain is small due to the restriction of single-carrier signal assignment
· In the time domain channel-dependent scheduling employing the pre-assigned transmission bandwidth, the sector throughput is degraded according to the reduction of the transmission bandwidth due to the reducing multiuser diversity cause by a small number of users within the pre-assigned bandwidth. However, when the transmission bandwidth (i.e., chunk bandwidth) is approximately 5 MHz, the almost the same sector throughput as that with frequency and time domain channel-dependent scheduling is achieved.   

Furthermore, in the frequency and time domain channel-dependent scheduling, pilot channels must be transmitted from all sets of UE over all chunks (over the entire channel bandwidth) in advance for CQI measurement at a BS. This brings about large pilot channel overhead for CQI measurements. Therefore, it is considered that the time domain channel-dependent scheduling using the pre-assigned transmission bandwidth is more promising than frequency and time domain scheduling.

However, we must consider narrow transmission bandwidth such as 1.25 and 2.5 MHz in Evolved UTRA and further, 5-MHz transmission bandwidth is wide for low-rate traffic and low-rate L3 signaling. Considering these issue, we think that the minimum chunk bandwidth for channel-dependent scheduling should be the same as the minimum transmission bandwidth, i.e., 1.25 MHz. In the case, the achievable sector throughput using the time domain channel-dependent scheduling with 1.25-MHz pre-assigned chunk bandwidth is degraded compared to that with 5-MHz chunk bandwidth. Therefore, we propose hybrid of Method 1 and Method 2 (i.e., exploitation frequency domain channel-dependency) with the minimum chunk bandwidth of 1.25 MHz to improve achievable sector throughput.
4.2. FDMA Signal for Shared Data Channel
As we explained our views on channel-dependent scheduling, we propose minimum chunk bandwidth of 1.25 MHz for channel-dependent scheduling. Our views on Shared data channel signal are as follows.
· We use localized FDMA with the minimum transmission bandwidth of 1.25 MHz

· Transmission bandwidth in localized FDMA is changed according to mainly required data rate keeping single-carrier feature as shown in Fig. 3
· Combination of localized FDMA and spreading (repetition) is employed for low-rate traffic
· Application of distributed FDMA is FFS
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Figure 3 – Scheme of frequency and time domain channel-dependent scheduling
5. Shared Control Channel

The shared control signaling channel conveys physical control messages and Layer 2 control messages. Our proposed candidates on contention-based channel structure are as follows as shown in Figs. 4. In all case, large frequency diversity is gained according to increase of transmission bandwidth. Transmission bandwidth should be adaptively changed according to the required data rate and to channel condition of a UE.
· Combination of localized FDMA and spreading (repetition) with 1.25-MHz bandwidth or wider
· By increasing spreading factor (SF) value, the number of codes is increased
· Distributed FDMA with 1.25-MHz bandwidth or wider
· By increasing symbol repetition factor (SRF), the number of codes is increased

· Distributed FDMA achieves orthoginality among simultaneous accessing users in frequency domain

· Combination of distributed FDMA and spreading (repetition) with 1.25-MHz bandwidth or wider
· By increasing SF and SRF value, the number of codes is increased
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(a) Combination of localized FDMA and spreading (repetition) with 1.25-MHz bandwidth or wider
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(b) Distributed FDMA with 1.25-MHz bandwidth or wider
Figures 4 – Configuration of shared control channels
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(c) Combination of distributed FDMA and spreading (repetition) with 1.25-MHz bandwidth or wider
Figures 4 – Configuration of shared control channels
· Precise multiplexing schemes are FFS.

6. Conclusion

This contribution presented application methods of localized and distributed FDMA to physical channels for single-carrier FDMA based radio access in the Evolved UTRA uplink. In conclusion, we employ localized FDMA mainly for Shared data channel associated with channel-dependent scheduling. Moreover, we use combination of localized FDMA and spreading, distributed FDMA with/without spreading for contention-based channel and Shared control channel. 
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