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1. Introduction
At the RAN1#41 meeting (Athens), a joint contribution on a radio access concept was proposed [1].  In the contribution, a single-carrier based radio access scheme was proposed following related contributions from many companies at the RAN1#40-bis (Beijing) meeting [2]-[6].  A single-carrier based access scheme has low peak-to-average power ratio (PAPR) features, which are very advantageous to wide area coverage support in cellular systems. This contribution presents our views on a single-carrier based radio access parameter set in the uplink radio access for Evolved UTRA.

2. Views on Requirements for Single-Carrier Based Radio Access Parameter 

Our views on the requirements for single-carrier based radio access parameter set are as follows
· Backward compatibility
- Considering the simultaneous use of UTRA and Evolved UTRA (i.e., dual-mode usage) and backward compatibility, the radio-frame length of the Evolved UTRA should be identical to that of UTRA, i.e., a 10-msec radio frame.

· Scalable multiple transmission bandwidth
 - At RAN#28 meeting (Quebec), scalable multiple transmission bandwidths from 1.25 MHz to 20 MHz were adopted [7]. 

· RAN latency
- At RAN#28 meeting (Quebec), the requirement for the RAN latency in one way was decided to be within 5 msec [7]. 
- To satisfy this requirement, a shorter TTI length than 2-msec is necessary such as 0.5, 0.625, or 0.667 msec
· Wide-area coverage support
- Wide-area coverage is one of the most important requirements for the Evolved UTRA and UTRAN

- The radio parameter set must be optimized considering wide-area coverage support.
- A low PAPR is a very important requirement in the uplink. This is because since the increase of the PAPR brings about increasing transmission back-off, the resultant peak power of the power amplifier is increased. Otherwise, the coverage area may be decreased.

· High data rate
- In single-carrier based radio access, employing an equalizer is essential to reducing the intra-cell interference, i.e., multipath interference (MPI)

- Therefore, employing a cyclic prefix (CP) is necessary to improve the equalizer performance particularly for the frequency domain equalizer.

- Meanwhile, the achievable peak data rate directly depends on the signaling overhead loss including CP insertion loss.

- By considering an increase in the CP overhead from WCDMA, a method to increase the peak data rate (or maintain the same level) is necessary.

· Influence of Doppler effect and phase noise
- The minimum transmission bandwidth (i.e., sub-carrier spacing) is decided based on the influences of the Doppler effect, phase noise, and frequency drift between a base station and multiple sets of UE.

- In the investigations on the OFDM parameter sets [8], we elucidated that the influence of the Doppler effect is much larger than that of the phase noise.

- Considering the influence of the Doppler effect, the maximum mobility condition to be supported is 350 km/h at a 2.6-GHz carrier frequency (the corresponding maximum Doppler frequency is approximately 840 Hz), although the radio parameters should be optimized in typical environments at low mobility.

· Fewer options
- The number of parameter options should be made as small as possible.

3. Considerations on Single-Carrier Based Radio Access Parameter

We investigate the following radio parameter set for single-carrier based radio access.

(1) TTI length

(2) CP length 

(3) Maximum symbol rate

(4) Spectrum shaping (pulse shaping) 

(5) Data block size

(6) Pilot channel structure and pilot block length

3.1. TTI length

Our views on the TTI length are as follows.
· One radio frame should be kept to 10 msec considering backward compatibility and dual-mode usage with WCDMA

· The minimum TTI (sub-frame) length should be identical to that in the downlink

· In the downlink OFDM parameters, we proposed a parameter set with 15-kHz sub-carrier spacing associated with a 0.5-msec minimum TTI length [9].

· Thus, we recommend the minimum TTI (sub-frame) length of 0.5 msec.

· We also propose an adaptive TTI length to decrease the control signaling overhead, particularly for a narrow transmission bandwidth [2, 10].

· However, the TTI length is not necessarily identical between the up and downlinks, i.e., we allow simultaneous usage of different TTI lengths between the two links 
3.2. Cyclic Prefix Length
The required CP length for accommodating multipath interference is approximately 3 to 5 usec based on our investigations in the OFDM downlink [8]. In the proposed scheme [3], we perform adaptive transmission timing alignment in the uplink so that the received timings among simultaneous users are aligned within the CP length. Thus, the additional unclear factors affecting the CP length in the uplink are as follows

- Path timing detection error (the same as in the downlink)

- Residual adaptive transmission timing control error among simultaneous users

- Residual frequency drift between BS and simultaneous sets of UE
Unlike in the downlink, we do not need to consider the margin for time windowing use and delay diversity using soft-combining. We tentatively assume the additional CP margin to be approximately 1 to 2 usec.

As a result, the required CP length in the uplink is approximately 4 to 6 usec, i.e., almost identical to that in the downlink. Further, for achieving high achievable data rate, the CP length as short as possible is desirable. Thus, we think that the conclusion is reasonable.

3.3. Maximum Symbol Rate

Employing a CP with a frequency domain equalizer is necessary to suppress multipath interference (MPI). Achieving a peak data rate that is at least the same as that of WCDMA is essential. There are two options to achieve this.

1) Use high-level data modulation

2) Increase the maximum symbol rate by reducing the roll-off factor 

(1) Maximum symbol rate

We propose to investigate the above two approaches. The required CP length in the uplink is approximately 4 to 6 usec. The total CP insertion loss is approximately 7% assuming a data block size of 80 usec (see the following evaluation on the data block size). The maximum symbol rate is increased by the same ratio to achieve at least the same maximum data rate as in WCDMA.


Thus, in this contribution, we consider two types of maximum symbol rates: the same one and a higher one than the one in WCDMA. Among two approaches, we recommend higher maximum symbol rate to realize higher achievable data rate. We tentatively assume 3.84 Msps and 4.096 Msps for a 5-MHz transmission bandwidth. Note that the parameter of 4.096 Msps is one example (then, there may be another good figure). In this case, the transmission bandwidth is increased from 3.84 Msps to approximately 4.096 Msps. Figure 1 shows the transmission spectrum signal for the symbol rate of 3.84 and 4.096 Msps. As shown in the figure, to satisfy the UMTS spectrum mask in a 5-MHz channel bandwidth, the roll-off factor should be reduced according to the increase in the transmission bandwidth from  = 0.22 at 3.84 Msps to  = 0.14375 at 4.096 Msps. Figure 2 shows the complementary cumulative distribution function (CCDF) of the PAPR for different roll-off factor values. As shown in the figure, the PAPR is increased according to the decrease in the roll-off factor value. More specifically, the PAPR value is increased by reducing the roll-off factor value from 0.22 to 0.14. This decrease in the roll-off factor leads to an increase in the PAPR. Thus, the effect of the increase of the maximum symbol rate must be investigated from the viewpoint of overall sector throughput and user throughput (i.e., coverage area), which are the tradeoff relationship. 
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Figure 1 – Transmission spectrum signal for the symbol rate of 3.84 and 4.096 Msps
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Figure 2 – PAPR for different roll-off factor values

(2) PAPR reduction technique

In WCDMA, the hybrid scheme of QPSK and /2-shifted-BPSK (HPSK) was adopted for chip-level modulation in the uplink, to mitigate the influence of the non-linear property of the power amplifier. However, spreading is essential to HPSK, i.e., the minimum spreading factor of two is necessary. Here, we assume the maximum data rate situation, two-code multiplexing with the spreading factor of two using HPSK and normal QPSK without spreading. In the comparison, the latter achieves a lower PAPR than the former. Then, the PAPR reduction techniques that do not require spreading seem to be promising such as OQAM (OQPSK) and phase-shifted QAM (/4-shifted QPSK). The achievable PAPR reduction and PER performance are FFS.

3.4. Spectrum Shaping

Spectrum shaping is essential to suppress the out-of-band emission. Meanwhile, in the single-carrier based radio access, an excessively wide transmission bandwidth degrades the achievable throughput due to the increasing channel estimation error. Thus, the optimum transmission bandwidth is decided by the frequency diversity effect and channel estimation accuracy. This means that even when frequency domain channel-dependent scheduling is not employed, a narrow transmission bandwidth seems to exhibit better throughput performance compared to that using the entire transmission bandwidth for a low data-rate transmission. In this case, the following two approaches are considered for spectrum shaping of a transmission signal at each set of UE.

(a) Spectrum shaping for any transmission signal regardless of the transmission bandwidth

(b) Spectrum shaping of only the entire channel bandwidth for the respective carrier frequencies
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Figure 3 – Spectrum shaping in Uplink

Our view is to use spectrum shaping for any transmission signal (the former approach). This is because in the second approach, interference to adjacent transmission bandwidths cannot be sufficiently suppressed due to the Doppler effect, residual frequency error, residual received power difference etc. Meanwhile, the transmission signal is sufficiently suppressed owing to the roll-off spectrum shaping in the former approach.


The proposed transmission block diagrams in the former approach are given in Figs. 4(a) and 4(b) using frequency domain and time domain processing, respectively. Note that the configuration in Fig. 4(a) is originally based on the DFT-spread OFDM in [2], [11]. Reference [11] proposed IFDMA signal generation in the frequency domain. However, spectrum-shaping filtering was not considered. Thus, we present a block diagram of single-carrier based signal generation in the frequency domain using spectrum shaping for each transmission bandwidth. To the structure described in [11], we add spectrum-shaping filtering according to the transmission bandwidth in the frequency domain between the FFT and IFFT. Furthermore, by changing the correspondence between the FFT output and IFFT input as shown in the figure, the bandwidth of each frequency component and its center frequency are changed. Thus, both a localized FDMA signal and distributed FDMA (comb-shape spectrum) can be produced in the same configuration by changing the parameters. Generation of the localized FDMA and distributed FDMA signal is also achieved commonly  in the time domain processing as shown in Fig. 4(b), though original IFDMA assumed only distributed FDMA (comb-shaped) signal. In the figure, the localized FDMA signal is generated by setting the repetition factor to one. Finally, user-dependent phase rotation or frequency offset is added. 
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Figure 4(a) – Transmission block diagram using frequency domain processing
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Figure 4(b) – Transmission block diagram using time domain processing

3.5. Data Block Size

In the single-carrier based access in the uplink, employing an equalizer is essential to suppress MPI. It was reported that employing a frequency domain equalizer is the more promising than using time domain processing from the viewpoint of decreasing the computational complexity. Thus, we assume the effective use of the frequency domain equalizer. Furthermore, a CP is necessary in the frequency domain equalizer to avoid inter-block interference between the successive data blocks.


We optimize the data block size focusing on localized FDMA, while achieving a near optimum data block size in distributed FDMA simultaneously. Here, data block size is defined as the data block duration in each of which the CP is added. Thus, the data block size does not depend on over-sampling in the time domain. The data block size is a key parameter in the uplink. The optimum data block size is determined by the tradeoff relationship between the CP overhead loss and the tracking ability for fast fading variation. That is to say, a long data block size is desirable to reduce the CP overhead insertion loss. On the other hand, a short data block size is desirable to improve the tracking ability for fast fading variation since the channel variation within one data block becomes small.


We investigate the optimum data block size based on a link level simulation using the radio parameters in Table 1. Here, we assume localized FDMA signal with 5-MHz transmission bandwidth. In the simulations, the data block size is represented using the unit of samples where the sampling rate is assumed to be the symbol (chip) rate for the assigned transmission bandwidth. Figures 5(a) and 5(b) show the required average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0) at the average PER of 10-1 and 10-2 as a function of the data block size with QPSK and 16QAM modulation, respectively, for the Vehicular-A model. Figures 6(a) and 6(b) indicate the corresponding performance for the Pedestrian-B model. Similarly, Figs 7(a) and 7(b) assume the Typical Urban model. The figures show that data block size should be less than a 512-sample duration to support high mobility up to approximately 350 km/h at a 2.6 GHz carrier frequency. The figure also show that when the data block size is shorter than approximately 128-sample duration, the required average received Es/N0 is increased due to increasing CP overhead ratio. Therefore, the data block size of 128 to 512 samples for 5-MHz transmission bandwidth (corresponds to 33.3 to 133.3 usec) can achieve good performance overall at low-to-high mobility in Localized FDMA.


Here, since a 512-sample duration corresponds to 133.3 usec in 3.84 Msps, the sub-carrier bandwidth (i.e., comb bandwidth) with a 512-sample data block becomes approximately 7.5 kHz in the distributed FDMA case. However, for the distributed FDMA case, the same or a smaller data block size compared to the localized FDMA case would be desirable considering the appropriate comb-bandwidth (same block sizes are desirable). In conclusion, we propose a data block size of approximately 128 to 512-sample duration and further, the smaller maximum sample duration is desirable in distributed FDMA case assuming 5-MHz channel bandwidth. 
Table 1 – Simulation Parameters

	Parameter
	Assumption

	Radio access
	Single-carrier (Localized FDMA)

	Chunk bandwidth
	5 MHz

	Roll-off factor
	0.22

	Maximum symbol rate
	3.84 Msymbol / sec

	Cyclic prefix length
	Approximately 5.2 sec (20 samples)

	Data modulation
	QPSK, 16QAM

	Channel coding
	Turbo coding (R = 1/2, K = 4)

	Receiver structure
	2-branch antenna diversity reception

LMMSE frequency domain equalizer

	Channel estimation
	Ideal channel estimation

	Channel model
	Vehicular-A, Pedestrian-B, and

Typical Urban model
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          (a) QPSK modulation

                         (b) 16QAM modulation

Figure 5(a), (b) – Required Es/N0 as a function of data block size (Vehicular A)
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          (a) QPSK modulation

                         (b) 16QAM modulation

Figure 6(a), (b) – Required Es/N0 as a function of data block size (Pedestrian B)
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          (a) QPSK modulation

                         (b) 16QAM modulation

Figure 7(a), (b) – Required Es/N0 as a function of data block size (Typical Urban)

3.6. Pilot Channel Structure and Pilot Block Length

We proposed a TDM-based pilot channel structure for the uplink using single-carrier based radio access. This is because a TDM-based pilot channel achieves a lower PAPR than the FDM and CDM structures. Furthermore, in the CDM approach, inter-code interference from data channels impairs the achievable throughput performance. Meanwhile, no interference occurs from the data channel in the TDM structure. This feature is very advantageous in order to achieve an accurate channel estimation particularly in MIMO multiplexing/diversity.


Moreover, even assuming a short TTI length such as 0.5 or 0.625 msec, employing multiple pilot blocks seems necessary to support a low-to-high moving speed of up to 350 km/h, although the parameters for the pilot channel are optimized in typical environments at low mobility.


We performed link level simulations to clarify the optimum pilot channel structure and pilot block length. Table 2 lists the radio parameters assumed in the simulation. We assume a localized FDMA signal with a 5-MHz transmission bandwidth. We assume four pilot channel structures as shown in Figs. 8(a) - 8(g). The structure of Fig. 8(a) has one pilot block at the beginning of the TTI. Figures 8(b) - 8(d) have two pilot blocks within the TTI, but the positions of pilot blocks in the TTI are different. Figures 8(e)-(f) and 8(g) have 3 and 4 pilot blocks within the TTI, respectively. We assume the total pilot signal is 12.5% for structures 1, 2, 3, 4, and 7, while 11.7 % for structure 5 and 6.
Table 2 – Simulation Parameters

	Parameter
	Assumption

	Radio access
	Single-carrier (Localized FDMA)

	Chunk bandwidth
	5 MHz

	Roll-off factor
	0.14375

	Maximum symbol rate
	4.096 Msymbol / sec

	Symbol (sample) duration
	0.244 sec

	TTI length
	0.5 msec

	Number of samples per TTI
	2048 samples

	Pilot channel length
	256, 240 samples

(Random sequence is used as pilot)

	Cyclic prefix length
	25 to 36 samples (Approximately 6 to 8 sec)

	Data block size
	256 samples

	Data modulation
	QPSK

	Channel coding
	Turbo coding (R = 1/2, K = 4)

	Receiver structure
	2-branch antenna diversity reception

LMMSE frequency domain equalizer

	Channel estimation
	Coherent accumulation / Linear interpolation

	Channel model
	Typical Urban model
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(a) Structure 1: 1 pilot block per TTI
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(b) Structure 2: 2 pilot blocks per TTI (beginning and middle)
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(c) Structure 3: 2 pilot blocks per TTI 
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(d) Structure 4: 2 pilot blocks per TTI (beginning and end)
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(e) Structure 5: 3 pilot blocks per TTI (beginning of every 2 data blocks)
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(f) Structure 6: 3 pilot blocks per TTI (beginning, middle, and end)
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(g) Structure 7: 4 pilot blocks per TTI (beginning of every 2 data blocks, and end)

Figure 8 – TTI structure for simulation


Figure 9 shows the average PER performance of the respective pilot channel structures in various mobility environments. The figure shows that the 2-pilot block structure exhibits sufficient performance to track the fading variation up to approximately 200 km/h and achieves better PER compared to that of 3- or 4-pilot block structure due to more accurate channel estimation at each pilot block caused by the larger pilot block size. However, the 3-pilot block structure provides better PER performance than the 2-block structure at higher mobility conditions up to 350km/h. Since the performance difference between the 3-pilot block and 4-pilot structure in the high mobility condition up to 350km/h is small, the 3-pilot blocks is sufficient as the maximum number of blocks per TTI.  

It is also seen that among three structures with 2-pilot blocks, the structure 4 achieved most superior performance in the low mobility up to approximately 200 km/h because of no extrapolation error in channel estimation (this corresponds to one short packet case). However, when the long packet case comprising multiple TTIs, structure 3 seems more promising than structure 4, since the identical interval in-between succeeding pilot block is realized. Further, in the high mobility condition up to approximately 350 km/h, structure 4 is significantly degraded compared to the structure 3 due to the degraded tracking capability against fast fading variation. Therefore, we can consider two candidates for pilot channel configuration.

(1) Structure 3 in all mobility conditions: in this case, we do not have to use additional supplemental pilot at extremely high mobility. Problem is the performance degradation in the low mobility condition compared to structure 4.

(2) Structure 4 with one additional supplemental pilot block only for extremely high mobility condition:

However, detailed evaluation is FFS. Our view is to prioritize typical environments at low mobility, yet support high mobility up to 350 km/h at the cost of performance degradation to some extent. Thus, we propose using a two or three pilot block configuration per TTI (= 0.5 msec).


In the investigations of Figs. 9, we assumed a localized FDMA signal. On the other hand, the same data block size is desirable for distributed FDMA. This is because an accurate channel estimation is possible since the combs structure of the spectrum for the data signals coincide with those of the pilot signals. However, assuming the same data block size between the pilot channel and data channel, the data block size becomes shorter than the optimum length. Accordingly, the CP overhead ratio is increased due to the increasing number of data blocks.  We believe that it is very difficult to satisfy the two priorities simultaneously. Therefore, our views on the relationship between the data block size and pilot block size are as follows. We optimize the pilot block length for a localized FDMA signal. Then, the optimum pilot block size may be shorter than the data block size to satisfy the low CP overhead ratio. Then, we apply interpolation of the channel estimates in the frequency domain or time domain channel estimation according to the situation.

In conclusion, we recommend the following plot channel configuration and parameters.

· TDM based pilot channel structure 

· A structure with multiple data blocks per TTI is promising

· We recommend one of the following parameters assuming the pilot signal overhead ratio of approximately 10 % at a 5-MHz transmission bandwidth

- Two blocks, each block has approximately 128-sample duration

- Three blocks, each block has approximately 80-sample duration

- (Four blocks, each block has approximately 64-sample duration)
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(a) 30 km/h at 2.6-GHz carrier frequency

Figure 9 – Average PER for different pilot structure in various degrees of mobility

(Linear interpolation (left) and coherent averaging (right) channel estimation)
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(b) 60 km/h at 2.6-GHz carrier frequency
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(c) 120 km/h at 2.6-GHz carrier frequency

Figure 9 – Average PER for different pilot structure in various degrees of mobility

(Linear interpolation (left) and coherent averaging (right) channel estimation)
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(d) 200 km/h at 2.6-GHz carrier frequency
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(e) 350 km/h at 2.6-GHz carrier frequency

Figure 9 – Average PER for different pilot structure in various degrees of mobility

(Linear interpolation (left) and coherent averaging (right) channel estimation)
4. Radio Parameter Candidates for Single-Carrier Based Radio Access in Uplink
Based on the evaluation results on the data block size, pilot block size, and other requirements, we investigate the radio parameter set candidates assuming TTI structure in Fig. 10. Note that the figure doesn’t identify the detailed positions of pilot blocks and control signaling block. Further, the definitions of the symbols in Fig. 10 are listed in Table 3, which are used in Tables 4 and 5. Tables 4 list radio parameter set candidates of single-carrier based access assuming the maximum symbol rate of 3.84 Msps. Tables 4(a) and 4(b) show the parameter set candidates when the control signaling block size, Ncontrol is equal or not equal to the data block size, Ndata, respectively.  Similarly, Tables 5 indicate radio parameter set candidates assuming the maximum symbol rate of 4.096 Msps.


We list the parameter candidates based on the following criteria: a CP overhead ratio of less than 10%, a CP length of 3-8 usec, pilot overhead ratio of 8-18 %, and a data block size of 128-512 samples. As shown in the tables, a wider transmission bandwidth is desirable to reduce the CP overhead loss and pilot symbol insertion loss. Then, we focus on the maximum data rate of larger than 3.84 Msps, such as 4.096 Msps.
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Figure 10 – TTI structure (Note that the pilot block position in this figure is an example)

Table 3 – Definition of the Symbols in Table 4
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Table 4 – Radio Parameter Candidates for Single-Carrier Based Radio Access in Uplink
(a) Maximum symbol rate of 3.84 Msps in the case that Ncontrol is equal to Ndata
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(b) Maximum symbol rate of 3.84 Msps in the case that Ncontrol is not equal to Ndata
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Table 5 – Radio Parameter Candidates for Single-Carrier Based Radio Access in Uplink
(a) Maximum symbol rate of 4.096 Msps in the case that Ncontrol is equal to Ndata
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(b) Maximum symbol rate of 4.096 Msps in the case that Ncontrol is not equal to Ndata
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5. Conclusion

This contribution presented our views on the single-carrier based radio access parameter set in the uplink radio access for the Evolved UTRA.
· Our conclusion for the radio frame and TTI length are as follows

· One radio frame should be kept to 10 msec considering backward compatibility and dual-mode usage with WCDMA

· The minimum TTI (sub-frame) length should be identical to that in the downlink

· The minimum TTI (sub-frame) length is0.5 msec.

· Adaptive TTI length is beneficial to decrease the control signaling overhead, particularly for a narrow transmission bandwidth. However, the TTI length is not necessarily identical between the up and downlinks, i.e., we allow simultaneous usage of different TTI lengths between the two links.
· Our conclusions on the key parameters for uplink single-carrier-based radio access are as follows.

· We recommend cyclic prefix (CP) length in the uplink of approximately 4 to 6 usec, i.e., almost identical to that in the downlink considering the required CP length for accommodating multipath interference and factor such as path timing detection error, residual adaptive transmission timing control error among simultaneous users, and residual frequency drift between the BS and simultaneous sets of UE.

· The maximum symbol rate should be determined considering additional CP insertion loss for the frequency domain equalizer. Achieving a peak data rate that is at least the same as that of WCDMA is essential. There are two options to achieve this and we propose to investigate these two approaches.

1) Use high-level data modulation

2) Increase the maximum symbol rate by reducing the roll-off factor

The maximum symbol rate should be optimized from the viewpoint of the coverage considering PAPR and the achievable throughput performance. The PAPR reduction techniques that do not require spreading seem to be promising such as OQAM (OQPSK) and phase-shifted QAM (/4-shifted QPSK) should be considered.
· Our view on the spectrum shaping is to use spectrum shaping for any transmission signal. This is because when spectrum shaping only for the entire channel bandwidth of the respective carrier frequencies is applied, interference to adjacent transmission bandwidth cannot be sufficiently suppressed due to the Doppler effect, residual frequency error, residual received power difference etc. 

· We recommend the data block size of 128 to 256-sample duration assuming a 5-MHz transmission bandwidth from the viewpoint of the CP overhead loss and tracking ability for fast fading variation.
· Our view on the pilot channel structure with a pilot symbol length is as follows.
(1) TDM based pilot channel structure 

(2) Structure with multiple data blocks per TTI is promising

(3) We recommend one of the following parameters assuming a pilot signal overhead ratio of approximately 10% at a 5-MHz transmission bandwidth

- Two blocks, each block has approximately 128-sample duration

- Three blocks, each block has approximately 80-sample duration

Finally, we propose that the following text proposal in Sec. 6 should be included in RAN1 TR 25.814 “Physical Layer Aspects for Evolved UTRA.”
6. Text Proposal

---------------------------------  Start of Text Proposal  -----------------------------------------------------

7.1 Modulation scheme

· Single-carrier based access parameter set in the uplink should be decided considering following requirements
· Backward compatibility
- Considering the simultaneous use of UTRA and Evolved UTRA (i.e., dual-mode usage) and backward compatibility, the radio-frame length of the Evolved UTRA should be identical to that of UTRA, i.e., a 10-msec radio frame.

· Scalable multiple transmission bandwidth
- According to the system bandwidth depending carrier frequency of each operator from 1.25 MHz to 20 MHz, transmission bandwidth is changed using single-carrier signal.

· RAN latency
- To satisfy the requirement for the RAN latency (RAN round trip time (RTT)) for Evolved UTRA and UTRAN, a shorter TTI length than 2-msec is necessary such as 0.5, 0.625, or 0.667 msec.

· PAPR

-Low PAPR is very important requirement in the uplink, since increasing PAPR brings about increasing transmission back-off. 

-Thus, the resultant peak power of power amplifier must be increased. Otherwise, the coverage area may be decreased 

· High data rate
- In single-carrier based radio access, employing an equalizer is essential to reducing the intra-cell interference, i.e., actually multipath interference (MPI)

- Therefore, employing a cyclic prefix (CP) is necessary to improve the equalizer performance particularly for the frequency domain equalizer.

- Meanwhile, the achievable peak data rate directly depends on the signaling overhead loss including CP insertion loss.

- By considering an increase in the CP overhead from WCDMA, a method to increase the peak data rate (or maintain the same level) is necessary.

· Influence of Doppler effect and phase noise
- The minimum transmission bandwidth (i.e., sub-carrier spacing) is decided based on the influences of the Doppler effect, phase noise, and frequency drift between a base station and multiple sets of UE.

- Considering the influence of the Doppler effect, the maximum mobility condition to be supported is 350 km/h at a 2.6-GHz carrier frequency (the corresponding maximum Doppler frequency is approximately 840 Hz), although the radio parameters should be optimized in typical environments at low mobility.

- Unlike downlink, we must also consider the influence of frequency drift between BS and simultaneous UEs due to difference of standard oscillator frequencies.

· Wide-area coverage support
- Wide-area coverage is one of the most important requirements for the Evolved UTRA and UTRAN
- In an urban area, a large amount of traffic is gathered in a relatively small site-to-site distance area of less than a few kilometers. 

- However, the radio parameter set should not only focus on local areas such as hotspots, very-small cells, and indoors with a small cell size. 

- The radio parameter set must be optimized considering wide-area coverage support.
· Fewer options
- The number of parameter options should be made as small as possible.

· Radio frame and TTI length

· One radio frame should be kept to 10 msec considering backward compatibility and dual-mode usage with WCDMA.

· The minimum TTI (sub-frame) length should be identical to that in the downlink

· Adaptive TTI length is beneficial to decrease the control signaling overhead, particularly for a narrow transmission bandwidth.

· The TTI length is not necessarily identical between the up and downlinks, i.e., we allow simultaneous usage of different TTI lengths between the two links.
· CP length

· Cyclic prefix (CP) length in the uplink of approximately 4 to 6 usec, i.e., almost identical to that in the downlink considering the required CP length for accommodating multipath interference and factor such as path timing detection error, residual adaptive transmission timing control error among simultaneous users, and residual frequency drift between the BS and simultaneous sets of UE.

· Maximum symbol rate

-    The maximum symbol rate should be determined considering additional CP insertion loss for the frequency domain equalizer. Achieving a peak data rate that is at least the same as that of WCDMA is essential. There are two options to achieve this and we propose to investigate these two approaches.

1) Use high-level data modulation

2) Increase the maximum symbol rate by reducing the roll-off factor

The maximum symbol rate should be optimized from the viewpoint of the coverage considering PAPR and the achievable throughput performance. The PAPR reduction techniques that do not require spreading seem to be promising such as OQAM (OQPSK) and phase-shifted QAM (/4-shifted QPSK) should be considered.
· Data block size

· The required data block size is approximately 128 to 512-sample duration and further, the smaller maximum sample duration is desirable in distributed FDMA case assuming a 5-MHz transmission bandwidth from the viewpoint of the CP overhead loss and tracking ability for fast fading variation.
· Pilot channel structure

· TDM based pilot channel structure 

· Structure with multiple data blocks per TTI is promising

· One of following parameters is recommended assuming a pilot signal overhead ratio of approximately 10% at a 5-MHz transmission bandwidth. Example is as follows

(a) Two blocks, each block has approximately 128-sample duration

(b) Three blocks, each block has approximately 80-sample duration

---------------------------------  End of Text Proposal  -----------------------------------------------------
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