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1. Introduction
At the RAN1#40-bis meeting (Beijing), most companies proposed using OFDM-based radio access in the downlink [1]-[17]. This contribution presents our views on the requirements for deciding the OFDM parameter set and the design of OFDM parameter set in the OFDM-based downlink radio access for Evolved UTRA.
2. Requirements for OFDM Parameter Set
2.1. Backward compatibility

Considering the simultaneous use of UTRA and Evolved UTRA (i.e., dual-mode usage) and backward compatibility, the radio-frame length of Evolved UTRA should be identical to that of UTRA, i.e., a 10-msec radio frame.

2.2. Scalable multiple transmission bandwidth

At the RAN Long Term Evolution (LTE) meeting in March 2005 [18], multiple transmission bandwidths from 1.25 MHz to 20 MHz were adopted. The same sub-carrier spacing, i.e., the same useful OFDM symbol duration, is desirable for efficiently supporting a multiple transmission bandwidth. Therefore, the number of sub-carriers is changed according to the transmission bandwidth.

2.3. RAN latency
In the requirements for Evolved UTRA and UTRAN agreed to at the RAN LTE meeting in March 2005 [18], the requirement for the RAN latency (RAN round trip time (RTT)) was decided to be within 10 msec. This RAN latency requirement affects the transmission timing interval (TTI) length. The RAN latency is categorized into the air-interface delay, media delay, and delay in the RNC (or corresponding node above base station (BS), such as the Advanced Access Router (AAR)) as shown in Fig. 1. Furthermore, the air-interface delay in the RAN is classified into the transmitter processing delay, retransmission delay, and receiver processing delay. Here, we assume the delay figures for these three delays as shown in Fig. 2. 
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Figure 1 – Categorization of RAN Latency
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Figure 2 – Air interface delay

Assuming that the transmission delay of an optical fiber is 5 usec/km [19], the media delay, when the distance between the RNC (AAR) and BS is 50 km, becomes 0.25 msec. Moreover, we assume that the delay in the RNC (AAR) is approximately 0.2 msec. Thus, the overall RAN latency can be calculated as 

( 2 x (6.5 TTI + 0.5) msec.     (1)

Thus, the total RAN latency depends on the TTI length, and the TTI lengths should be designed so that the requirement of the RAN latency of less than 10 msec is satisfied.

2.4. High data rate

At the RAN1#40-bis meeting, many companies proposed the use of a Cyclic Prefix (CP) for OFDM-based downlink transmission [1, 2, 4], although other potential techniques such as offset QAM using the Isotropic Orthogonal Transform Algorithm (IOTA) filter [20] were also proposed. In this paper, we assume the use of the CP in the design of the OFDM parameter set. In the case of OFDM-based radio access, it is clear that the achievable data rate is partly dependent on the CP overhead ratio. This means that, according to the increase in the CP overhead ratio, the achievable data rate is reduced. Therefore, naturally, a small CP overhead loss is necessary to improve the achievable data rate. 

2.5. Influence of Doppler effect and phase noise

· Influence of Doppler effect

In the case of OFDM-based radio access, the sub-carrier spacing is designed to be narrower than the channel coherence bandwidth so that the fading of each sub-carrier becomes approximately flat, i.e., frequency-non-selective. Meanwhile, in Evolved UTRA and UTRAN, the maximum user equipment (UE) speed supported should be approximately 350 km/h implying a maximum Doppler spread of approximately 650 Hz and 840 Hz at a 2 GHz and 2.6 GHz carrier frequency, respectively. To mitigate the influence of the Doppler effect, a sub-carrier spacing at least in the range of 10-20 times the maximum Doppler frequency is necessary. In addition to frequency fluctuation due to the Doppler effect, frequency drift due to the frequency difference in the oscillators between the BS and UE occurs. However, we do not consider the influence of frequency drift because the frequency drift becomes small as the reference oscillator in the UE tracks the BS carrier frequency.    
· Influence of phase noise

Phase noise is caused by random fluctuations in the frequency of the local-oscillators of the BS and UE. The phase noise has two different kinds of effects: common phase error and inter-sub-carrier interference. Since the influence of the inter-sub-carrier interference is larger than the common phase error and the common phase error can be compensated by means of pilot-aided channel estimation, we only have to take into account the influence of the inter-sub-carrier interference. As a result, sub-carrier spacing should be sufficiently wide so that the influence of inter-sub-carrier interference is small.

2.6. Wide-area coverage support

Wide-area coverage is one of the most important requirements for Evolved UTRA [18]. We roughly categorize support environments as shown in Fig. 3.  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, we do not think that the OFDM parameter set should focus on local areas such as hotspots, very-small cells, and indoors with a small cell size. The OFDM parameter set must be optimized considering wide-area coverage support.
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Figure 3 – Categorization of environment supported by Evolved UTRA

2.7. High rate data provision of Multicast/Broadcast (MBMS)

As discussed in many contributions at the RAN1#40-bis meeting, OFDM radio access has a beneficial feature in that soft combining of incoming signals from multiple cell sites is easily achieved, improving the received signal-to-interference plus noise power ratio (SINR) particularly at the cell boundary  [1, 2, 4, 6]. Using such soft combining, high-data-rate Multicast/Broadcast services can be provided with wide-area coverage. To provide high-data-rate Multicast/Broadcast services, a longer CP duration is necessary for accommodating paths with long time delays from far cell sites and for compensating for inaccuracies in the BS timings.   

2.8. Fewer options

A small CP length is desirable for efficient transmission, e.g., to achieve high data rates and high spectral efficiency. On the other hand, a long CP length is necessary for supporting large time dispersion and broadcast with soft combining in large cells. Thus, to achieve an efficient CP overhead ratio according to cell environments and service types (e.g., both Unicast and Multicast/Broadcast), multiple parameters are needed. In other words, it is very difficult to provide a single optimum OFDM parameter set to support very-small to very-wide area coverage up to several tens of kilometers and both Unicast and Multicast/Broadcast services. However, a small number of OFDM parameter sets is desirable for simplifying the implementation and testing equipment. Thus, we present the need for two OFDM parameter sets with different CP lengths.


* Basic short CP length is for typical Unicast environments


* Long CP is for Multicast/Broadcast and for extraordinary large delay spread environments

2.9. PAPR

Since the sub-carrier spacing is designed to be very narrow, the number of sub-carriers becomes several hundred. Then, it is considered that the impact of the difference in the number of sub-carriers from the viewpoint of the peak-to-average power ratio (PAPR) is small assuming such a large number of sub-carriers. 

3. Considerations on Basic OFDM Parameter Set for Unicast

3.1. TTI length

From Eq. (1), we find that a TTI length substantially less than 2 msec is necessary to achieve a RAN latency of less than 10 msec. The candidates of the minimum TTI length are then, in our view, 0.5 msec, 0.625 msec, and 0.667 msec. Among these three candidates, the 0.667 msec TTI is identical to the slot length of WCDMA. Furthermore, the number of TTIs per radio frame (= 10 msec) becomes an even number for the 0.5-msec and 0.625-msec TTI lengths. Furthermore, multiple TTI lengths, being multiples of a minimum TTI length, are very beneficial for increasing the payload size especially for a narrow transmission bandwidth such as 1.25 MHz and for reducing the control signaling overhead when a long RAN latency is allowed.  

Thus, our conclusions for the radio frame and TTI length are as follows.

· A TTI length of significantly shorter than 2 msec is necessary to achieve a RAN latency of less than 10 msec.

· The radio frame length should be 10 msec for harmonization with the WCDMA parameter set up to Release 6 and the 10-msec radio frame should thus be divisible into multiple TTIs.

· The support for multiple TTI lengths, being multiples of a basic minimum TTI length, is beneficial.

· The recommended candidates for the basic minimum TTI lengths are 0.5 msec, 0.625 msec, and 0.667 msec. Of these, one value should be selected.

3.2. CP overhead ratio

The achievable maximum data rate and throughput depend on the CP overhead ratio. It is desirable to set the CP overhead loss to approximately less than 10% at largest from that without the CP in order to achieve a competitive peak data rate and spectrum efficiency compared to other wireless technologies, although a CP overhead ratio as small as possible is desirable.

3.3. Sub-carrier spacing

We investigated the required sub-carrier spacing considering the influence of the Doppler spread and phase noise. 

(1) Influence of phase noise

Phase noise is due to fluctuations in the frequency of the local oscillator(s). Typically, phase-locked-loop (PLL) techniques are applied to frequency synthesizers. Then, the frequency of voltage controlled oscillator (VCO) is locked to a stable reference frequency, which is produced by a temperature-compensated crystal oscillator (TCXO) for a UE terminal (note that there is phase noise in the BS transmitter as well, however, in general the amount is smaller than that in UE terminal). Thus, the jitter of the VCO is suppressed within the tracking loop bandwidth of the PLL. The resultant phase noise is determined by the phase noise of the reference oscillator, divider, and phase detector, etc., which is much smaller than that of a free-running VCO. Figure 4 shows the power density of the phase noise of the VCO using PLL techniques [21]. By using the power density of the phase noise, P(f), the signal-to-interference power ratio (SIR) due to the phase noise as a function of the sub-carrier spacing, f, is calculated as
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where W(f) is the inter-sub-carrier-interference power as a function of the frequency shift, which is given by
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From Fig. 4 and Eqs. (2) and (3), the SIR due to phase noise is calculated as shown in Fig. 5. The vertical axis on the right-hand side indicates the increase in the required SNR when the received SNR is 15 dB and 22 dB. Figure 5 shows that when the sub-carrier spacing is wider than approximately 10 kHz, the influence of phase noise is small compared to the other impairments.
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Figure 4 – Example of power spectrum density of phase noise of VCO using PLL
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Figure 5 – SIR due to phase noise as a function of sub-carrier spacing

(2) Influence of Doppler effect
Figures 6(a)-6(b) show the throughput performance as a function of the average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0) with a sub-carrier spacing, f, as a parameter assuming a fading maximum Doppler frequency of 55.6 Hz corresponding to the moving speed of 30 km/h at a 2-GHz carrier frequency. Figure 6(b) is an enlarged version of Fig. 6(a) focusing on 64QAM modulation. Similarly, Fig. 7 indicates the corresponding throughput performance with the fading maximum Doppler frequency of 648.1 Hz corresponding to the moving speed of 350 km/h at a 2-GHz carrier frequency. The Vehicular-A model is used for the figures. Figure 6(b) shows that at low mobility, the sub-carrier spacing should be less than approximately 17 kHz to suppress the loss in the achievable throughput from that with 6-kHz sub-carrier spacing to a low level (e.g., the loss in the throughput from that of 6 kHz is within approximately 1 Mbps (5%)). Furthermore, Fig. 7(b) shows that when the sub-carrier spacing, f, is less than approximately 10 kHz, the required average received Es/N0 at the moving speed of 350 km/h is degraded compared to the case with low mobility especially for 64QAM modulation. More specifically, the sub-carrier spacing should be more than approximately 11 kHz to suppress the loss in the achievable throughput at 350 km/h from that at 30 km/h to within less than approximately 0.5 Mbps (2%). Furthermore, when f is smaller than 11 kHz, the required Es/N0 loss at 16-Mbps throughput for instance becomes larger than 0.5 dB. Then, we find that a f value of more than approximately 11-15 kHz, i.e. approximately 20 times the Doppler frequency, is necessary for supporting the moving speed up to approximately 350 km/h, while keeping the loss in the achievable throughput at low mobility to a low level.
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(a) 16QAM, R = 2/3 and 64QAM, R = 3/4
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(b) Enlarged version of Fig. 6(a) for 64QAM, R = 3/4

Figure 6 – Throughput performance with sub-carrier spacing as a parameter, 30 km/h
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(a) 16QAM, R = 2/3 and 64QAM, R = 3/4
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(b) Enlarged version of Fig. 7(a) for 64QAM, R = 3/4

Figure 7 – Throughput performance with sub-carrier spacing as a parameter, 350 km/h

3.4. CP length

The root mean square (r.m.s.) delay spread can, according to [22], be well approximated by: 

rms = T1 d y (usec)    (4) 
Table 1 gives the definitions and figures for each of the parameters in Eq. (4).

Table 1 – Definition of parameters in delay spread model
	Notation
	Definition
	Figure

	T1
	Median value of r.m.s. delay spread at the distance of 1 km (usec)
	Urban: 0.4 - 1.0 usec

Suburban: 0.3 usec

Rural: 0.1 usec

Mountain: ( 0.5 usec

	d
	Distance between transmitter and receiver (km)
	Arbitrary 

	
	Parameter depending on environment
	Urban, Suburban, Rural: 0.5

Mountain: 1.0

	y
	Random valuable following a log-normal distribution with the standard deviation of y
	y  = 2 - 6 dB


Using the r.m.s. delay spread value assuming the exponentially-decayed power delay profile model as shown in Eq. (5), we calculated the received SINR (here “N” is the background noise) based on the method in [23] as shown in Fig. 8. 

p(t) = (1/) x exp( -t / )　 : r.m.s. delay spread     (5) 
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Figure 8 – Useful signal power and inter-symbol and inter-sub-carrier 

interference power of received signal.

In Tables 2 and 3, the simulation conditions and the assumed 90% value of the r.m.s delay spread with cell radius d for the four different propagation environments, urban, suburban, rural, and mountain, are listed. Each 90% value of the r.m.s. delay spread is calculated based on the method in [22]. The received signal of the target symbol within the FFT processing window is counted as the desired signal and then, the interference power, i.e., the amount of inter-symbol and inter-carrier interference, is counted as the total received signal power within the FFT processing window minus the desired signal power. The resultant 90% values of received SINR are illustrated in the Fig. 9 as a function of the CP length with the cell radius and BS transmission power as parameters.

Table 2 – Simulation parameters

	Parameter
	Assumed value

	Carrier frequency
	2 GHz

	BS transmission power
	43, 46 dBm

	Cell radius, d
	 3, 5, 10 km

	Decay factor for distance-dependent path loss
	3.76

	BS antenna gain with cable loss
	14 dBi

	MS antenna gain
	0 dBi

	MS receiver noise figure
	9 dB

	Sub-carrier spacing
	15 kHz

	Useful symbol duration
	66.67 usec

	GI duration
	1  - 10 usec


Table 3 – R.m.s. delay spread

	
	90 % value of r.m.s. delay spread (usec) with cell radius, d (km) 

	
	Urban area
	Suburban area
	Rural area
	Mountain area

	Conditions
	T1 = 1.0, 

 = 0.5,

y = 2.0 dB
	T1 = 0.3, 

 = 0.5,

y = 2.0 dB
	T1 = 0.1, 

 = 0.5,

y = 2.0 dB
	T1 = 0.5, 

 = 1.0,

y = 2.0 dB

	Cell radius, d (km)
	3 km
	2.5
	0.8
	0.25
	1.9

	
	5 km
	3.2
	1.0
	0.32
	3.2

	
	10 km
	4.6
	1.4
	0.46
	6.3
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Figure 9 – 90% value of received SINR with the cell radius, d = 3, 5, and 10 km
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Figure 9 – 90% value of received SINR with the cell radius, d = 3, 5, and 10 km

Figure 9 shows that the optimum CP length is approximately 4 - 6 usec for the cell radius of up to approximately 10 km for collecting most of the useful signal power and then, achieving a sufficient received SINR.   

3.5. Windowing duration

Time windowing on each OFDM symbol is necessary for reducing out-of-band emissions. By using a longer head (tail) windowing duration, the out-of-band emissions are suppressed further. Figure 10 shows the power density as a function of the frequency offset with the total windowing duration as a parameter using the raised cosine windowing function for the sub-carrier spacing of 15.75 kHz and the number of sub-carriers of 286. The figure shows that, for satisfying the UMTS out-of-band emission mask, a windowing duration of more than 30 samples, equal to approximately 3.5 usec, is necessary. This result agrees with the result in [24]. The next problem is to what extent of the 3.5-usec windowing duration can be overlapped with the original CP length without degradation in the achievable throughput even in 64QAM modulation. Our motivation is to show that the windowing duration can be used as a part of the CP duration. The required average received Es/N0 at 1% packet error rate (PER) is plotted in Fig. 11 as a function of the length of the additional CP duration for 64QAM modulation. We assumed a 3.5-usec windowing duration. Figure 11 shows that when more than 70% of the windowing duration (approximately 2.5 usec) can be overlapped with the CP length, the loss in the required average received Es/N0 from that without windowing is slight. In particular, for QPSK and 16QAM modulations, the full duration of windowing can be used as a part of the CP duration. Thus, we see that even for 64QAM modulation, approximately 70% of the windowing duration can be overlapped with the CP duration.
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Figure 10 – Transmit signal spectrum with different windowing durations
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Figure 11 – Required average Es/N0 for 1% PER as a function of additional CP length

From the investigations described in Sections 3.2 to 3.5, our conclusions on the requirements for basic OFDM parameter set for Unicast are given below.

· The CP overhead ratio should be less than approximately 10% in order to achieve a competitive peak data rate (frequency efficiency) and spectral efficiency.

· The influence of the inter-sub-carrier interference due to phase noise is small when the sub-carrier spacing is wider than approximately 10 kHz.

· The sub-carrier spacing should be less than approximately 17 kHz to suppress the loss in the achievable throughput from that with 6 kHz sub-carrier spacing to a low level (e.g., the loss in the throughput from that of 6 kHz is within approximately 1 Mbps (5%)) at low mobility. Furthermore, the sub-carrier spacing should be more than approximately 11 kHz to suppress the loss in the achievable throughput at 350 km/h from that at 30 km/h within less than approximately 0.5 Mbps (2%). 

· The CP length of approximately 4 – 6 usec is necessary for the cell radius of up to approximately 10 km to collect most of the useful signal power, and then, achieving a sufficient received SINR.

· The time windowing duration with approximately 30 samples, equal to approximately 3.5 usec, is necessary for suppressing out-of-band emissions within the UMTS mask. However, approximately 70% of the windowing duration can be overlapped with the CP duration for QPSK, 16QAM, and 64QAM modulations.
4. Consideration of OFDM Parameter Set for Multicast/Broadcast

4.1. CP length

The required CP length is investigated from the viewpoints of the received useful signal power and received SINR in the Multicast/Broadcast scenario. We measured the received SINR of the target user located in the target sector assuming a 19-cell configuration where each cell has three sectors as shown in Fig. 12. The location of the target user is randomly assigned within the target sector. Simulation conditions are listed in Table 4.  The useful signal power and SINR are calculated using the same method as in [23]. As shown in Table 4, we assume ideal inter-cell-site synchronization and we took into account only the distance-dependent path loss. Furthermore, current analysis is performed based on the assumption that there are no repeaters. The numerical results at the cumulative distribution function (CDF) of 5% (i.e., near the cell boundary) are summarized in Table 5 with the cell radius as a parameter. These tables clearly show that by extending the CP length from 10 to 14 usec, the received SINR at the cell radius of 2-5 km is significantly increased. When we use a CP length of 14-20 usec, we can apply 16QAM modulation associated with a high coding rate or even 64QAM modulation, suggesting the possibility of high-data-rate Mulitcast/Broadcast services with a wide area coverage taking advantage of the soft-combining feature of OFDM. 
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Figure 12 – 19-cell configuration and SIR definition

Table 4 – Simulation parameters

	Parameter
	Assumed values

	Bandwidth
	5 MHz

	Cell layout
	19 cells, 3 sectors per cell,

(70-degree sectored beam without antenna tilt)

	Cell radius, R
	1, 2, 5, 10 km

	Distance-dependent path loss
	2 GHz: 128.1 + 37.6log10(R), 

900 MHz: 120.9 + 37.6log10(R)

	BS transmission power
	43 dBm (20 W), 46 dBm (40 W)

	BS antenna gain with cable loss
	14 dBi

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Inter-cell synchronization
	Perfect

	Multipath delay profile
	ITU-R Pedestrian B


Table 5 – Summary of achievable SINR at 5% point of CDF

(a) Carrier frequency = 2 GHz, Transmission power = 43 dBm

	
	CP length

	
	10 usec
	12 usec
	14 usec
	16 usec
	18 usec
	20 usec

	Cell radius, R
	1 km
	27.1
	27.6
	27.5
	27.4
	27.3
	27.2

	
	2 km
	14.7
	15.2
	15.5
	15.7
	15.8
	15.8

	
	3 km
	8.4
	8.7
	8.9
	8.9
	9.0
	9.0

	
	5 km
	0.5
	0.5
	0.6
	0.6
	0.6
	0.6


(b) Carrier frequency = 2 GHz, Transmission power = 46 dBm

	
	CP length

	
	10 usec
	12 usec
	14 usec
	16 usec
	18 usec
	20 usec

	Cell radius, R
	1 km
	29.6
	30.5
	30.5
	30.4
	30.3
	30.2

	
	2 km
	16.5
	17.4
	17.9
	18.3
	18.7
	18.8

	
	3 km
	10.5
	11.0
	11.3
	11.5
	11.7
	11.8

	
	5 km
	3.1
	3.1
	3.2
	3.3
	3.4
	3.4


(c) Carrier frequency = 900 MHz, Transmission power = 43 dBm

	
	CP length

	
	10 usec
	12 usec
	14 usec
	16 usec
	18 usec
	20 usec

	Cell radius, R
	1 km
	32.4
	34.6
	34.7
	34.6
	34.5
	34.4

	
	2 km
	18.2
	19.6
	20.6
	21.5
	22.4
	22.8

	
	3 km
	12.6
	13.5
	14.1
	14.6
	15.0
	15.3

	
	5 km
	6.0
	6.2
	6.5
	6.7
	6.9
	7.1


(d) Carrier frequency = 900 MHz, Transmission power = 46 dBm

	
	CP length

	
	10 usec
	12 usec
	14 usec
	16 usec
	18 usec
	20 usec

	Cell radius, R
	1 km
	33.8
	37.4
	37.7
	37.6
	37.5
	37.4

	
	2 km
	18.9
	20.6
	22.0
	23.2
	24.8
	25.5

	
	3 km
	13.5
	14.7
	15.5
	16.3
	16.9
	17.4

	
	5 km
	7.6
	7.9
	8.3
	8.7
	9.0
	9.3


4.2. Generation method of Multicast/Broadcast Parameter Set from Unicast Parameter Set
We propose the following three methods for generating the OFDM parameter sets with a long CP length for Multicast/Broadcast from the basic Unicast parameters.

· Method (1): The same sub-carrier spacing method

By using Method (1), a long CP length is generated by decreasing the number of OFDM symbols within one TTI while keeping the same useful symbol duration and sub-carrier spacing. Thus, the receiver processing after CP removal is identical for Unicast and Multicast/Broadcast. Meanwhile, when using Method (1), the CP overhead ratio in the Multicast/Broadcast parameter set becomes larger than that in the Unicast parameter set.

· Method (2): The same CP overhead ratio

By using Method (2), a long CP length is generated by extending the useful symbol duration while keeping the same CP overhead ratio. Since the useful symbol duration becomes longer, the sub-carrier spacing becomes narrow and then, the number of sub-carriers within the transmission bandwidth is increased. Using this method, the same CP overhead ratio can be maintained. Meanwhile, the change in the useful symbol duration is only allowed by the power of 2 considering reasonable implementation.

· Method (3): Hybrid of Methods (1) and (2)

The demerit of Method (1) is that it increases the CP overhead loss by extending the CP length. On the other hand, the demerit of Method (2) is that a narrower sub-carrier spacing results according to an increase in the CP length. Thus, by using the combination of Methods (1) and (2), we can abate the CP overhead loss and reduction in the sub-carrier spacing to a reasonable level, when generating a long CP length.

5. Recommended Candidates of Downlink OFDM Parameter Set 

Following the discussion above, we summarized the recommended candidates for the downlink OFDM parameter set in Table 6(a), (b), (c) for each of the three TTI candidates, i.e., 0.5 msec, 0.625 msec, and 0.667 msec, assuming a 5-MHz channel bandwidth.

Table 6 – Recommended candidates of downlink OFDM parameter set

(a) 0.5 msec-TTI, 512-point FFT, 5 MHz channel bandwidth

	Number of OFDM symbols for Unicast
	Number of sub-carriers*
	Number of data symbols for Unicast
	Sub-carrier spacing

[kHz]
	Sampling rate

[MHz]

(M/N)**
	Useful symbol duration

[usec]
	Unicast
	Multicast/ Broadcast

	
	
	
	
	
	
	GI duration

[usec]

(samples)
	Overhead of GI [%]
	GI duration [usec]

(samples)
	Overhead of GI [%]

	6
	352
	2112
	12.75
	6.528

(17/10)
	78.431
	4.902

(32)
	5.88
	21.569

(140 or 141)
	21.57

	6
	342
	2052
	13.125
	6.72

(7/4)
	76.19
	7.143

(48)
	8.57
	23.81

(160)
	23.81

	7
	300
	2100
	15
	7.68

(2/1)
	66.667
	4.762

(36 or 37)
	6.67
	16.667

(128)
	20

	8
	257
	2056
	17.5
	8.96

(7/3)
	57.143
	5.357

(48)
	8.57
	14.286

(128)
	20

	8
	260
	2080
	17.25
	8.832

(23/10)
	57.971
	4.529

(40)
	7.25
	13.458

(118 or 119)
	18.84

	9
	230
	2070
	19.5
	9.984

(13/5)
	51.282
	4.274

(42 or 43)
	7.69
	11.218

(112)
	17.95

	9
	228
	2052
	19.688
	10.08

(21/8)
	50.794
	4.762

(48)
	8.57
	11.706

(118)
	18.73


(b) 0.625 msec-TTI, 512-point FFT, 5 MHz channel bandwidth

	Number of OFDM symbols for Unicast
	Number of sub-carriers*
	Number of data symbols for Unicast
	Sub-carrier spacing

[kHz]
	Sampling rate

[MHz]

(M/N)**
	Useful symbol duration

[usec]
	Unicast
	Multicast/ Broadcast

	
	
	
	
	
	
	GI duration

[usec]

(samples)
	Overhead of GI [%]
	GI duration [usec]

(samples)
	Overhead of GI [%]

	7
	375
	2625
	12
	6.144

(8/5)
	83.333
	5.952

(36 or 37)
	6.67
	20.833

(128)
	20

	7
	369
	2583
	12.188
	6.24

(13/8)
	82.051
	7.234

(45 or 46)
	8.10
	22.115

(138)
	21.23

	8
	333
	2664
	13.5
	6.912

(9/5)
	74.074
	4.051

(28)
	5.19
	15.212

(105 or 106)
	17.04

	8
	327
	2616
	13.75
	7.04

(11/6)
	72.727
	5.398

(38)
	6.91
	16.558

(116 or 117)
	18.55

	9
	285
	2565
	15.75
	8.064

(21/10)
	63.492
	5.952

(48)
	8.57
	14.633

(118)
	18.73

	10
	257
	2570
	17.5
	8.96

(7/3)
	57.143
	5.357

(48)
	8.57
	12.302

(110 or 111)
	17.71

	10
	260
	2600
	17.25
	8.832

(23/10)
	57.971
	4.529

(40)
	7.25
	11.473

(101 or 102)
	16.52


 (c) 0.667 msec-TTI, 512-point FFT, 5 MHz channel bandwidth

	Number of OFDM symbols for Unicast
	Number of sub-carriers*
	Number of data symbols for Unicast
	Sub-carrier spacing

[kHz]
	Sampling rate

[MHz]

(M/N)**
	Useful symbol duration

[usec]
	Unicast
	Multicast/ Broadcast

	
	
	
	
	
	
	GI duration

[usec]

(samples)
	Overhead of GI [%]
	GI duration [usec]

(samples)
	Overhead of GI [%]

	7
	400
	2800
	11.25
	5.76

(3/2)
	88.889
	6.349

(35 or 36)
	6.67
	22.22

(128)
	20

	8
	352
	2816
	12.75
	6.528

(17/10)
	78.431
	4.902

(32)
	5.88
	16.807

(109 or 110)
	17.65

	8
	342
	2736
	13.125
	6.72

(7/4)
	76.190
	7.143

(48)
	8.57
	19.048

(128)
	20

	10
	272
	2720
	16.5
	8.448

(11/5)
	60.606
	6.061

(51 or 52)
	9.09
	13.468

(113 or 114)
	18.18

	11
	250
	2750
	18
	9.216

(12/5)
	55.556
	5.051

(46 or 47)
	8.33
	11.111

(102 or 103)
	16.67

	11
	252
	2772
	17.813
	9.12

(19/8)
	56.140
	4.466

(40 or 41)
	7.37
	10.526

(96)
	15.79

	12
	230
	2760
	19.5
	9.984

(13/5)
	51.282
	4.274

(42 or 43)
	7.69
	9.324

(93 or 94)
	15.39

	12
	228
	2736
	19.688
	10.08

(21/8)
	50.794
	4.762

(48)
	8.57
	9.812

(98 or 99)
	16.19


* Tentatively assuming occupied bandwidth of 4.5 MHz

** 3.84 MHz x M/N

6. Conclusion

This contribution presented our views on OFDM parameter set in the downlink.

· Two OFDM parameter sets (two different CP lengths) are desirable for achieving the minimum number of parameter options:

· Basic short CP length for Unicast

· Long CP length for Multicast/Broadcast and Unicast with an extraordinary long time dispersion

· Our conclusions for radio frame and TTI length are as follows.

· A TTI length of significantly shorter than 2 msec is necessary to achieve a RAN latency of less than 10 msec.

· The radio frame length should be 10 msec for harmonization with WCDMA parameter set up to Release 6 and the 10-msec radio frame should thus be divisible into multiple TTIs.

· The support for multiple TTI lengths, being multiples of a basic minimum TTI length, is beneficial.

· The recommended candidates for the basic minimum TTI lengths are 0.5 msec, 0.625 msec, and 0.667 msec. Of these, one value should be selected.

· Our conclusions on the requirements for basic OFDM parameter set for Unicast are as follows.

· The CP overhead ratio should be less than approximately 10% in order to achieve a competitive peak data rate (frequency efficiency) and spectral efficiency

· The influence of inter-sub-carrier interference due to phase noise is small when the sub-carrier spacing is wider than approximately 10 kHz 

· The sub-carrier spacing should be less than approximately 17 kHz to suppress the loss in the achievable throughput from that with 6 kHz sub-carrier spacing to a low level (e.g., the loss in the throughput from that of 6 kHz is within approximately 1 Mbps (5%)) at low mobility. Furthermore, the sub-carrier spacing should be more than approximately 11 kHz to suppress the loss in the achievable throughput at 350 km/h from that at 30 km/h within less than approximately 0.5 Mbps (2%). 

· The CP length of approximately 4 – 6 usec is necessary for the cell radius of up to approximately 10 km to collect most of the useful signal power, and then, achieving a sufficient received SINR.

· The time windowing duration with approximately 30 samples, equal to approximately 3.5 usec, is necessary for suppressing out-of-band emissions within the UMTS mask. However, approximately 70% of the windowing duration can be overlapped with the CP duration for QPSK, 16QAM, and 64QAM modulations.

· Our conclusion for the required CP length in Multicast/Broadcast is approximately 14-20 usec at the cell radius of 2-5 km by taking advantage of the soft-combining feature.

· Finally, we presented some candidates for OFDM parameter sets.
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