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1. Introduction

At the RAN1#40-bis meeting (Beijing), most companies proposed OFDM-based radio access schemes for the downlink [1]-[8]. Following the results of the RAN#40-bis meeting, we proposed views on OFDM parameter sets in the downlink at the RAN1#41 meeting (Athens) [9]. The views of other companies regarding OFDM parameters were also presented at the same meeting [10]-[12]. This contribution presents updates of evaluations on the optimum OFDM parameter set in the downlink considering more realistic simulation conditions and the simulation conditions in [13], which were approved at the RAN1#41 meeting. Based on the updated simulation results, we propose OFDM parameter set candidates as a working assumption for the Evolved UTRA downlink.

2. Requirements for OFDM Parameter Set 

We presented our views on the requirements for deciding the OFDM parameter set in [9].  The essence of the presented material is 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

The same sub-carrier spacing, i.e., the same useful OFDM symbol duration, is desirable for efficiently supporting a scalable multiple transmission bandwidth. Therefore, the number of sub-carriers is changed according to the transmission bandwidth.

· RAN latency
At the RAN#28 meeting (Quebec), the requirement for the one-way RAN latency was decided to be within 5 msec [14]. Thus, since the total RAN latency depends on the TTI length, the TTI length should be designed so that the requirement is satisfied.

· High data rate

In our view, we optimize the OFDM parameter set by prioritizing typical environments at low mobility. Thus, a small cyclic prefix (CP) overhead loss is necessary to achieve a high data rate in these typical environments.  

· Influence of Doppler effect and phase noise

The minimum sub-carrier spacing is decided so that the influence of the Doppler effect and phase noise is slight. Here, we assume the maximum moving speed of 350 km/h at the carrier frequency of 2.6 GHz, corresponding to the fading maximum Doppler frequency of 840 Hz. As described previously, although we prioritize low mobility environments, we should support mobility up to the maximum speed while minimizing the performance degradation.

· Wide-area coverage support

Wide-area coverage is one of the most important requirements for the Evolved UTRA [14]. The OFDM parameter set must be optimized considering wide-area coverage support, while also supporting local areas such as hotspots, very-small cells, and indoors with a small cell size.

· High data rate provision of Multicast/Broadcast (MBMS)

To provide high-data-rate Multicast/Broadcast services, a longer CP duration is necessary to obtain benefits from soft-combining for long time delays from far cell sites and to compensate for inaccuracies in the base station (BS) timing.   

· Fewer options

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 [14]. Therefore, we present the need for two OFDM parameter sets with different CP lengths.


* Basic short CP is for typical Unicast environments


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

· Peak-to-average power ratio (PAPR)

It is considered that the impact of the difference in the number of sub-carriers on 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

Our conclusions for the radio frame and TTI length are as follows [9].

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

· Supporting multiple TTI lengths that are 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. Sub-carrier spacing

Useful symbol duration as long as possible is desirable to reduce the CP overhead loss (insertion loss). Then, a sub-carrier spacing as short as possible is preferable. On the other hand, the lower limit for the sub-carrier spacing is decided by the influence of the phase noise and the Doppler effect.
(1) Influence of phase noise

In [9], we showed that although the influence of inter-carrier interference caused by phase noise is larger for the free-running voltage controlled oscillator (VCO), it is very small for the VCO using a phase locked loop (PLL). We concluded that when the sub-carrier spacing is wider than approximately 10 kHz, the influence of the phase noise is small compared to the other impairments. Then, since the influence of inter-carrier interference due to the Doppler effect is greater than that due to the phase noise, we focus on the influence of the Doppler effect in the contribution.

(2) Influence of the Doppler effect

In [9], the influence of the Doppler effect, i.e., destruction of orthogonality in the frequency domain, is given from the viewpoint of throughput performance for 64QAM modulation 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.  Note that the influence of the Doppler effect appears more prominently in 64QAM compared to QPSK and 16QAM modulation. It is concluded that the sub-carrier spacing should be greater 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%). However, in the evaluation in [9], we assumed ideal-channel estimation.  


The influence of the Doppler effect when performing real-channel estimation is investigated with the sub-carrier spacing as a parameter retaining almost the same CP duration in order to focus only on the influence of the Doppler effect. Table 1 lists the simulation parameters. Figure 1 illustrates the pilot symbol mapping and channel estimation method assumed in the simulation. We used a staggered-type pilot symbol mapping in the time and frequency domains maintaining the pilot symbol overhead loss of approximately 10% regardless of the sub-carrier spacing. In the channel estimation, we first average two contiguous pilot symbols in the frequency domain using linear interpolation. The averaged channel estimates are further averaged or interpolated in the time domain according to the moving speed. 
Table 1 – Simulation Parameters for Investigations on Influence of the Doppler Effect
	Sub-carrier spacing, f
	No. 
of sub-carriers
	Length of 

TTI
	No. of symbols per TTI
	Useful symbol duration
	Length of 

CP
	Overhead of CP

	6.65 kHz
	1352
	0.625 msec
	4
	150.298 sec
	5.951 sec
	3.809%

	8.4 kHz
	1071
	0.625 msec
	5
	119.048 sec
	5.952 sec
	4.762%

	10.18 kHz
	883
	0.625 msec
	6
	98.220 sec
	5.947 sec
	5.709%

	11.25 kHz
	800
	0.569 msec
	6
	88.889 sec
	5.953 sec
	6.277%

	12 kHz
	750
	0.625 msec
	7
	83.333 sec
	5.952 sec
	6.667%

	13.86 kHz
	649
	0.625 msec
	8
	72.170 sec
	5.955 sec
	7.623%

	15.75 kHz
	571
	0.625 msec
	9
	63.492 sec
	5.952 sec
	8.571%

	17.69 kHz
	508
	0.625 msec
	10
	56.545 sec
	5.955 sec
	9.528%

	19.66 kHz
	457
	0.625 msec
	11
	50.871 sec
	5.947 sec
	10.467%

	21.68 kHz
	415
	0.625 msec
	12
	46.136 sec
	5.947 sec
	11.419%
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Figure 1 – Pilot symbol mapping and channel estimation method
The throughput results using 16QAM with the channel coding rate of R = 2/3 and 64QAM with R = 3/4 are shown in Figs. 2(a) and 2(b), respectively, at the moving speed of 30 km/h for a 2.0-GHz carrier frequency. Similarly, the respective throughput values at the high mobility of 350 km/h with a 2.6-GHz carrier frequency are given in Figs. 3(a) and 3(b).
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(a) 16QAM with R = 2/3


(b) 64QAM with R = 3/4

Figure 2 – Throughput performance levels for the moving speed of 30 km/h at 2.0 GHz
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(a) 16QAM with R = 2/3


(b) 64QAM with R = 3/4

Figure 3 – Throughput performance levels for the moving speed of 350 km/h at 2.6 GHz 

We first focus on the required short CP length in typical environments at low mobility. The achievement of high throughput considering the CP overhead loss is a very important criterion at low mobility. Figure 2 shows that the sub-carrier spacing should be less than approximately 13 to 15 kHz to suppress the degradation of the peak throughput to a low level. Then by maintaining a slight peak throughput loss at low mobility, we investigate the required sub-carrier spacing from the viewpoint of mitigating the influence of the Doppler effect under high mobility conditions. As shown in Fig. 3 for the mobility of 350 km/h at a 2.6-GHz carrier frequency, the achievable throughput performance with real-channel estimation is degraded as a whole compared to that assuming ideal-channel estimation [9]. We see, however, that the degradation is suppressed to a low level, when the sub-carrier spacing is wider than approximately 11 kHz even for 64QAM modulation with R = 3/4, which is similar to the results assuming ideal-channel estimation [9].  


It is anticipated that the hybrid ARQ with packet combining will be applied to the shared data channel. Thus, the influence of the Doppler effect may be mitigated by the effect of hybrid ARQ with packet combining. Therefore, we further investigate the influence of the Doppler effect employing Incremental redundancy along with real-channel estimation for various modulation and coding schemes (MCSs) such as QPSK with R = 1/3 and 1/2, 16QAM with R = 1/3, 1/2, and 2/3, and 64QAM with R = 1/2, 3/5, 2/3, 3/4, 5/6, with the sub-carrier spacing as a parameter. Figure 4(a) shows the throughput performance at low mobility, i.e., 30 km/h at a 2.0-GHz carrier frequency. The figure shows that to suppress the 3% and 5% degradation in the throughput compared to the case with a sub-carrier spacing of 6.65 kHz, the sub-carrier-spacing should be less than approximately 13 and 15 kHz, respectively. When the sub-carrier spacing is 6.65, 11.25, and 15.75 kHz, the CP overhead loss becomes 4, 6, and 8% respectively. Next, the throughput with the extremely high mobility of 350 km/h at a 2.6-GHz carrier frequency is shown in Fig. 4(b). The figure shows that when the average received signal energy per symbol-to-noise power spectrum density ratio (Es/N0) is greater than approximately 10 dB (i.e., the region where a high MCS with 16QAM and mainly 64QAM are used), the degradation in the throughput due to the Doppler effect is observed. We find that when the sub-carrier spacing is wider than approximately 11 kHz, the degradation in the throughput is small by using Incremental redundancy, which is similar to the results without Incremental redundancy,
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Figure 4 – Throughput performance levels using Incremental redundancy
In conclusion, we recommend the sub-carrier spacing of 11 to 15 kHz to achieve a high peak throughput at low mobility owing to a small CP overhead loss, while supporting the moving speed up to approximately 350 km/h at a 2.6-GHz carrier frequency.

3.3. CP length

(1) Support of delayed paths

Here, we investigate the required short CP length from the viewpoint of the accommodation of delayed paths in various environments.

It was reported in [15] that the root mean square (r.m.s.) delay spread can be well approximated by 

rms = T1 d y (usec)  .  (1) 

The definitions and figures for each of the parameters in Eq. (1) are given in [15]. We calculated the r.m.s. delay spread value in respective environments based on Eq. (1). Using the r.m.s. delay spread value assuming the exponentially-decayed power delay profile model as shown in Eq. (2), we calculated the received signal-to-interference plus noise power ratio (SINR) based on the method in [16] (see Fig. 5), which is similar to the evaluations in our previous contribution [9].
p(t) = (1/) x exp( -t / )　 : r.m.s. delay spread     (2) 
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In the previous contribution at the RAN#41 meeting [9], we obtained the required short CP length from the viewpoint of the received SINR. In the contribution, however, we investigated the required short CP length from the viewpoint of the user throughput in order to improve the accuracy of the evaluation. We first calculate the received SINR using the simulation parameters given in Table 2.
Table 2 – Simulation Parameters for Investigating Required Short CP 

	Parameter
	Assumption

	Bandwidth
	10 MHz (2 GHz), 1.25 MHz (900 MHz)

	Sub-carrier spacing 

(Useful symbol duration)
	12 kHz

(83.333 sec)

	Cyclic prefix length
	0 – 10 sec (parameter)

	Cell layout
	19 cells, 3 sectors per cell, (70-degree sectored beam without antenna tilt)

	Cell radius, R
	289 m, 500 m, 577 m, 1 km, 2 km

	Distance-dependent path loss
	2-GHz carrier freq.
	128.1 + 37.6log10(R), 

	
	900-MHz carrier freq.
	120.9 + 37.6log10(R)

	BS transmission power
	46 dBm (2 GHz), 43 dBm (900 MHz)

	BS antenna gain with cable loss
	14 dBi

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Penetration loss
	10, 20 dB

	Shadowing standard deviation
	8 dB

	Channel model
	Greenstein model, Urban micro cell

 (T1 = 1.0,  = 0.5, y = 4 dB)

	Antenna diversity
	2-branch space diversity


We assume a 19-cell configuration, where each cell comprises three sectors. Thus, other-cell interference is a major impairment at the cell boundary. The received SINR is calculated from the following equation.
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In Eq. (3), Sown(CP) and Iown(CP) are the desired useful signal power and the amount of inter-symbol and inter-carrier interference as a function of the CP length, respectively [16]. Furthermore, N0 and Iother are the thermal noise at the receiver and other-cell interference, respectively. Moreover, NEVM, NDoppler, and NPN are the noise power due to EVM, the Doppler effect, and phase noise, respectively. We assumed S/NEVM is 30.0 dB from [11], S/NPN is 36.5 dB from [9], and S/NDoppler is 45.0 dB assuming the moving speed of 30 km/h. From the simulation results of the received SINR, we calculate the user throughput using the Shannon formula as shown in the next equation.
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In Eq. (4), Tu and TCP denote the useful OFDM symbol duration and CP duration, respectively. Thus, Tu/(Tu + TCP) denotes the CP overhead loss (insertion loss).  is a certain degradation factor from the Shannon limit [16]. Furthermore, we assumed the upper limit of the throughput by 6 bits/sec/Hz, since it was approved that the maximum data modulation level is 64QAM [13]. 

The throughput performance levels with the penetration loss of 20 dB at the carrier frequency of 2 GHz are shown in Figs. 6(a) - 6(d) for the cell radius of R = 288.7, 500, 1000, and 2000 m, respectively. In addition, the corresponding throughput performance levels with the penetration loss of 10 dB at the 2-GHz-carrier frequency for R = 288.7, 500, 1000, and 2000 m are given in Figs. 7(a) - 7(d), respectively. The throughput performance levels with the penetration loss of 10 dB at a 900-MHz carrier frequency for R = 288.7, 577, 1000, and 2000 m are shown in Figs. 8(a) - 8(d), respectively. The figures show that when the location probability is low (i.e., near the cell site), nearly the maximum throughput is obtained at the short CP length of approximately 3 µsec, although the dependency of the throughput on the CP length is slight near the cell boundary. As a result, we see from these results considering other-cell interference with a full channel load that the required short CP length becomes approximately 3 µsec for effectively correcting the signal energy of the delayed paths.  
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Figure 6 – Throughput performance levels with the penetration loss of 20 dB at 2.0 GHz
in a multi-cell environment
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Figure 7 – Throughput performance levels with the penetration loss of 10 dB at 2.0 GHz
in a multi-cell environment
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Figure 8 – Throughput performance levels with the penetration loss of 10 dB at 900 MHz
in a multi-cell environment
Evolved UTRA and UTRAN should seamlessly support local areas in addition to the conventional cellular environments with a multi-cell configuration. Thus, a local area with a high traffic density is another very important application environment. We investigate the throughput performance as a function of the short CP length in isolated-cell environments for three conditions: a penetration loss of 20 dB and 10 dB at a 2-GHz carrier frequency and that of 10 dB at a 900-MHz carrier frequency. The corresponding results are given in Figs. 9(a) - 9(d), 10(a) - 10(d), and 11(a) - 11(d), respectively. From the throughput results in the isolated-cell environments, we find that the throughput is increased according to the increase in the short CP length up to approximately 5 µsec. This tendency becomes clear particularly at the 900-MHz carrier frequency due to a lower path loss than at 2 GHz. Thus, we see that the required short CP length in the isolated-cell environment is approximately 3 to 5 µsec.


In conclusion, assuming the support of various environments with a low-to-high channel load in the surrounding cells, we recommend the short CP length of approximately 3 to 5 µsec from the viewpoint of accommodating delayed paths. 
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Figure 9 – Throughput performance levels with the penetration loss of 20 dB at 2.0 GHz
in an isolated-cell environment
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Figure 10 – Throughput performance levels with the penetration loss of 10 dB at 2.0 GHz in an isolated-cell environment
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Figure 11 – Throughput performance levels with the penetration loss of 10 dB at 900 MHz
in an isolated-cell environment
(2) Time windowing

Time windowing on each OFDM symbol is very beneficial in reducing out-of-band emissions while incurring a reasonable level of computational complexity. On the other hand, suppression of the PAPR is necessary at the transmitter in OFDM radio access. Among PAPR reduction techniques, clipping and filtering are very promising techniques, since additional control signaling messages are not necessary. In [10] at the RAN#41 meeting, it was pointed out that when a combination of clipping and filtering is applied, time windowing is not necessary based on the transmitter structure shown in Fig. 12(b). However, the ripple caused by filtering is large due to a high computational complexity level.


We still believe that time windowing is beneficial to decreasing the ripple by the combined usage of clipping and filtering (i.e., frequency domain filtering) and time windowing (time domain filtering). We consider the structure for spectrum shaping (i.e., suppression of out-of-band emission) shown in Fig. 12(a), where we applied the PAPR reduction scheme in [17]. In the configuration of Fig. 12(a), the computational complexity and ripple caused by the FIR filter after peak signal detection are reduced, since FIR filtering is performed only for the peak signal exceeding the pre-decided threshold value. However, since FIR filtering is not performed for the entire desired signal, suppression of the out-of-band emissions is insufficient. Thus, the out-of-band emissions are suppressed by time windowing after CP insertion.
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Figure 12 – Transmitter configuration clipping and filtering with/without time windowing

As shown in Fig. 13, a large ripple in the desired signal bandwidth occurs in the configuration of Fig. 12(b), where we assume that the coefficients of the filter taps in the time domain are truncated by rectangular function. Meanwhile, frequency-domain channel-dependent scheduling should be applied to the shared data channel in the downlink. Thus, the shared data channel is transmitted using one or multiple chunks within the entire channel bandwidth to each user. Then, the ripple may influence the achievable throughput particularly when the chunk at the edge is employed. However, as indicated by the red line, almost identical spectrum shape to that without clipping and filtering is obtained by the combined usage of frequency domain filtering and time windowing, owing to the reduced ripple.
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Figure 13 – Influence of ripple by FIR filtering
In conclusion, we see the possibility for suppressing the degradation due to the ripple by the combined use of FIR filtering and time windowing, although we do not insist on the structure in Fig. 12(a). Instead, we believe that we should design the short CP length considering the margin for accommodating the time windowing application. In our contribution at the RAN#41 meeting [9], we showed that to satisfy the UMTS out-of-band emission mask, a windowing duration of greater than 30 samples, which is equal to approximately 3.5 µsec, is necessary. It was further shown that when more than 70% of the windowing duration (approximately 2.5 µsec) can be overlapped with the CP length, the loss in the required average received Es/N0 from that without windowing is slight and that we need a margin in the CP length of approximately 1 µsec to accommodate time windowing. 

(3) Conclusion of Short CP length
From the results of sub-sections (1) and (2), the required short CP length for supporting the delayed paths is approximately 3 to 5 µsec and approximately 1 µsec is necessary if we use time windowing. In addition to these two factors, we should also consider the influence of path timing detection error [16]. Furthermore, we are considering simultaneous transmission from multiple sectors in the same Node B, and soft-combining in the downlink inter-sector (i.e., intra-cell) macro diversity as an alternative for fast sector selection. In inter-sector soft-combining, transmission timing control among sectors may be necessary so that the received path timings are not identical. 


Consequently, we recommend the short CP length of approximately 5 µsec including the above-mentioned margins such as path timing detection error. 

4. Consideration of OFDM Parameter Set for Multicast/Broadcast (MBMS) Scenario

In the contribution presented at the RAN#41 meeting [9], we investigated the required long CP length in a MBMS scenario using the soft-combining property in OFDM access from the viewpoint of the received SINR. In the contribution, we updated the investigation on the required long CP length from the following points of view.

· We used the throughput as a criterion 

· We added noise due to EVM, phase noise, and the Doppler effect

 (We assumed the S/NEVM of 30.0 dB from [11], the S/NPN of 36.5 dB from [9], and the S/NDoppler of 45.0 dB assuming the moving speed of 30 km/h.)

· We considered the penetration loss of 10 dB

· We used 37 cells (i.e., 4 tiers) in addition to 19 cells (3 tiers) as shown in Figs. 14(b) and 14(a), respectively

· We used an exponentially decayed power delay profile model, in which the r.m.s. delay spread varies according to the distance between cell sites and the UE position based on Eq. (1) [15] (in [9], we used the Pedestrian-B model with a constant r.m.s. delay spread)

· We considered shadowing variation and instantaneous fading variation

· We added inter-cell synchronization error, in which we assumed a uniform distribution within +/- 3 µsec [18]
· We used two-branch antenna diversity reception at the UE.

Considering the above-mentioned updated conditions, the required long CP length is investigated in the MBMS scenario employing the simulation parameters in Table 3. 
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Figure 14 – Cell layout

Table 3 – Simulation Parameters

	Parameter
	Assumption

	Bandwidth
	10 MHz (2 GHz), 1.25 MHz (900 MHz)

	Sub-carrier spacing 

(Useful symbol duration)
	12 kHz

(83.333 sec)

	Cyclic prefix length
	2 – 20 sec (parameter)

	Cell layout
	19 cells or 37 cells, 3 sectors per cell, (70-degree sectored beam without antenna tilt)

	Cell radius, R
	0.289, 0.8, 1, 2, 3 km

	Distance-dependent path loss
	2-GHz carrier freq.
	128.1 + 37.6log10(R), 

	
	900-MHz carrier freq.
	120.9 + 37.6log10(R)

	BS transmission power
	46 dBm (2 GHz), 43 dBm (900 MHz)

	BS antenna gain with cable loss
	14 dBi

	UE antenna gain
	0 dBi

	UE noise figure
	9 dB

	Penetration loss
	10 dB

	Shadowing standard deviation
	8 dB

	Inter-cell synchronization
	+/- 3 sec (Uniform distribution)

	Antenna diversity
	2 branches

	Multipath delay profile
	Exponential decay model

p(t) = 1/rms * exp( -t/rms  )

	Rms delay spread
	Greenstein model, Urban micro cell

rms(d) = T1 d y (sec)

(T1 = 1.0,  = 0.5, y = 2, 4 dB)


Figures 15(a) - 15(e) show the throughput performance as a function of a long CP length for the cell radius of R = 289, 800, 1000, 2000, and 3000 m, respectively, at a 2-GHz carrier frequency. In the figures, the throughput values at the cumulative distribution function (CDF) of 90 and 95% (i.e., near the cell boundary) are given for both 19 and 37-cell configurations. The figures show that according to the increase in the R value, nearly the maximum throughput is obtained at a longer CP length. This tendency is more pronounced in the 37-cell configuration (4 tiers) than in the 19-cell configuration (3 tiers), since the UE can collect a great deal of signal energy from far cell sites. Meanwhile, when R is greater than 2 km, the effectiveness by increasing the CP length becomes small due to the increasing influence of the noise component. We see, however, that the soft-combining in OFDM access is very beneficial to improving the achievable throughput and the required long CP length for MBMS is approximately 10 to 12 µsec at the 2-GHz carrier frequency.
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Figure 15 – Throughput performance levels with the penetration loss of 10 dB at 2.0 GHz
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Figure 15 – Throughput performance levels with the penetration loss of 10 dB at 2.0 GHz

Figures 16(a) - 16(e) show throughput performance for the cell radius of R = 289, 800, 1000, 2000, and 3000 m, respectively, at a 900-MHz carrier frequency. Compared to Figs. 15(d) and 15(e), we see from Figs. 16(d) and 16(e) that even when R is 2 to 3 km, the effect due to an increase in the CP length is clearly obtained at the 900-MHz carrier frequency due to the small path loss. Thus, we comprehend that the soft-combining effect in OFDM access is gained in a wide coverage area with the 900-MHz carrier frequency. We see that the required long CP length for MBMS is approximately 10 to 14 µsec at the 900-MHz carrier frequency.
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Figure 16 – Throughput performance levels with the penetration loss of 10 dB at 900 MHz
[image: image28.emf]3

3.5

4

4.5

5

5.5

6

0 5 10 15 20

Throughput (bits/sec/Hz)

CP length (usec)

2

2.5

3

3.5

4

4.5

5

0 5 10 15 20

Throughput (bits/sec/Hz)

CP length (usec)

(c) R = 1000 m (d) R = 2000 m



y

= 2 dB



y

= 4 dB

90% probability 95%



y

= 2 dB



y

= 4 dB



y

= 2 dB



y

= 4 dB

90% probability 95%



y

= 2 dB



y

= 4 dB

90% probability 95%



y

= 2 dB



y

= 4 dB



y

= 2 dB



y

= 4 dB

90% probability 95%

3-tier (19 cells)

4-tier (37 cells)

3-tier (19 cells)

4-tier (37 cells)

3-tier (19 cells)

4-tier (37 cells)

3-tier (19 cells)

4-tier (37 cells)


[image: image29.emf]0

0.5

1

1.5

2

2.5

3

0 5 10 15 20

Throughput (bits/sec/Hz)

CP length (usec)



y

= 2 dB



y

= 4 dB

90% probability 95%



y

= 2 dB



y

= 4 dB



y

= 2 dB



y

= 4 dB

90% probability 95%

(e) R = 3000 m

3-tier (19 cells)

4-tier (37 cells)

3-tier (19 cells)

4-tier (37 cells)


Figure 16 – Throughput performance levels with the penetration loss of 10 dB at 900 MHz
In conclusion, we recommend the long CP length for MBMS of approximately 10 to 14 µsec in order to gain the soft-combining effect of OFDM radio access. Moreover, employing relay (booster) and remote base stations, etc. are considered to be very promising techniques for extending the coverage area. Therefore, it is better to consider additional delay using these techniques in the MBMS scenario. The delay incurred due to the relay station using simple RF conversion depends mainly on the delay of the RF filter. The delay of the relay station assuming a 10-MHz bandwidth is within a few µsec. As a result, we recommend a long CP of approximately 10 to 15 µsec in the MBMS scenario considering a possible additional delay.

5. Recommended Candidates for Downlink OFDM Parameter Set 

Following the evaluations and discussions above, we summarized the recommended candidates for the downlink OFDM parameter sets in Tables 4(a), 4(b), and 4(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. The candidates are selected based on criteria such as the sub-carrier spacing of 10 to 15 kHz, a short CP length of 3.5 to 6.5 µsec and a CP overhead loss of less than 8%.

Table 4 – Recommended Candidates of Downlink OFDM Parameter Set

(a) 0.5 msec-TTI, 512-point FFT, 5-MHz channel bandwidth
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(b) 0.625 msec-TTI, 512-point FFT, 5-MHz channel bandwidth
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(c) 0.667 msec-TTI, 512-point FFT, 5-MHz channel bandwidth
[image: image32.wmf]15.29

11.329

(92 or 93)

5.88

3.922

(32)

62.745

8.16

(17/8)

15.9375

2800

280

10

15.79

13.158

(96)

5.26

3.899

(28 or 29)

79.012

7.296

(19/10)

14.25

2844

316

9

17.04

16.226

(105 or 106)

5.19

4.321

(28)

79.012

6.48

(27/16)

12.65625

2848

356

8

17.65

16.807

(109 or 110)

5.88

4.902

(32)

78.431

6.528

(17/10)

12.75

2816

352

8

5.76

(3/2)

Sampling 

rate [MHz]

(M/N)**

Overhead

of CP 

[%]

CP 

duration 

[

m

sec

]

(samples)

Overhead 

of CP [%]

CP

duration

[

m

sec

]

(samples)

20

22.22

(128)

6.67

6.349

(35 or 36)

88.889

11.25

2800

400

7

Multicast/Broadcast

Unicast

Useful

symbol

duration

[

m

sec

]

Sub

-

carrier

spacing, 

D

f

[kHz]

Number of 

data

symbols

for 

Unicast

Number 

of data 

sub

-

carriers*

Number of 

OFDM

symbols

for 

Unicast

15.29

11.329

(92 or 93)

5.88

3.922

(32)

62.745

8.16

(17/8)

15.9375
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15.79
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5.26

3.899

(28 or 29)

79.012

7.296

(19/10)

14.25

2844

316

9

17.04
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6.48
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8
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(32)
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6.528

(17/10)
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8
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(3/2)
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* Tentatively assuming occupied bandwidth of approximately 4.5 MHz

** 3.84 MHz x M/N

Among the candidates in Table 4, we recommend the following three options of OFDM parameter sets in Table 5 for simulation assumptions. Furthermore, the detailed parameters for the scalable bandwidth of 1.25 to 20 MHz are summarized in Table 6 for the respective three options.
Table 5 – Three Options for Downlink OFDM Parameter Sets

	
	Option 1
	Option 2
	Option 3

	
	
	
	

	TTI length [msec]
	Short CP for Unicast
	0.625
	0.625
	0.5

	
	Long CP for MBMS
	1.25
	0.625 or 1.25
	0.5 or 1.0

	Sub-carrier spacing [kHz]
	12.0
	13.75
	15.0

	Sampling rate for 5-MHz channel bandwidth [MHz] (M/N)**
	6.144

(8/5)
	7.04
(11/6)
	7.68

(2/1)

	Useful symbol duration

[sec]
	83.333
	72.727
	66.667

	Number of OFDM symbols per TTI
	Short CP for Unicast
	7
	8
	7

	
	Long CP for MBMS
	13
	7 or 15
	6 or 13

	CP duration

[sec]
(samples)
	Short CP for Unicast
	5.859

(36*)
	5.398

(38)
	4.688

(36*)

	
	Long CP for MBMS
	12.69

(78*)
	16.48 or 10.51

(116* or 74*)
	16.67 or 10.16

(128 or  78*)


* The figure indicates the number of samples of CP per OFDM symbol except for the last one within a TTI
** 3.84 MHz x M/N
Table 6 – Three Options for Downlink OFDM Parameter Sets for Scalable Channel Bandwidth

(i) Option 1
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(ii) Option 2
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(iii) Option 3
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* Tentatively assumed efficiency of approximately 0.9

6. Conclusion

This contribution presented updated investigations on the OFDM parameter set in the downlink.

· Two OFDM parameter sets (two different CP lengths) are necessary for effectively supporting various radio environments, following the approved requirements and target in the Evolved UTRA and UTRAN:

· Basic short CP length for Unicast

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

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

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

· Supporting multiple TTI lengths that are 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 key parameters for the OFDM parameter set are as follows.

· We recommend the sub-carrier spacing of 11 to 15 kHz to achieve a high peak throughput in typical environments at low mobility associated with a small CP overhead loss, while supporting the moving speed up to approximately 350 km/h at a 2.6-GHz carrier frequency.

· We recommend a short CP length of approximately 5 µsec from the viewpoints of supporting delayed paths and further consideration of margins such as the application of time windowing and the influence of path timing detection error. 

· We recommend a long CP length of approximately 10 to 15 µsec in a MBMS scenario considering a possible additional delay.

· Finally, we recommend three candidates for simulation assumption. Of these, one should be selected. 

7. Text Proposal

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

7. Downlink concept

7.1 Basic transmission scheme

7.1.1 Modulation scheme

· The OFDM parameter set in the downlink should be decided considering the following requirements.

- Backward compatibility

- Scalable multiple transmission bandwidth

- RAN latency

- High data rate

- Influence of Doppler effect and phase noise

- Wide-area coverage support

- High rate data provision of Multicast/Broadcast (MBMS)

- Fewer options

- PAPR

· Two OFDM parameter sets (two different cyclic prefix (CP) lengths) are necessary for effectively supporting various radio environments, following the approved requirements and target in Evolved UTRA and UTRAN:

· A basic short CP for Unicast

· A long CP for Multicast/Broadcast and Unicast with an extraordinarily long time dispersion

· TTI length 

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

· Supporting multiple TTI lengths that are multiples of a basic minimum TTI length is beneficial.

· Sub-carrier spacing 

· The required sub-carrier spacing is approximately 11 to 15 kHz to achieve a high peak throughput in typical environments at low mobility associated with a small CP overhead loss, while supporting the moving speed up to approximately 350 km/h at a 2.6-GHz carrier frequency.

· CP length

· The required short CP length is approximately 5 µsec from the viewpoints of supporting delayed paths and further consideration of margins such as the application of time windowing and the influence of path timing detection error. 

· The required long CP length is approximately 10 o 15 µsec in an MBMS scenario considering a possible additional delay.

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