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1. Introduction

Several frequency bands for the implementation of EUTRAN are taken into account so far. EUTRAN shall define a suitable technology for the operation of a cellular system within the typical GSM and UMTS frequency bands. The carrier frequencies of 900 MHz and 2 GHz are taken for the minimum set of EUTRA simulations [1]. Furthermore, EUTRAN should also work in the extension bands of UMTS up to 2.6 GHz [2], [3]. Moreover, attractiveness of EUTRAN would be intensified if the standard could be kept open for operation in additional frequency bands. 
Investigations turned out that it would be beneficial to support different sub-carrier spacing dependent on the carrier frequencies. In this document we will illustrate these benefits and make a proposal on the sub-carrier spacing.

2. Challenges

The mobile radio propagation environment clearly places fundamental limitations on the performance of radio communication systems. Signals arrive at the receiver via a scattering mechanism, and the existence of multiple propagation paths (multipath) with different time delays, attenuations and phases gives rise to a highly complex, time-varying transmission channel. Moreover, whenever relative motion exists between the transmitter and the receiver, there is an apparent shift in the frequency of the received signal due to the Doppler effect. As Figure 1 illustrates the impact of the Doppler effect and of the phase noise increases and the multipath effects decrease with increasing carrier frequency. In order for system engineers to determine optimum methods for mitigating this Doppler-Multipath antagonism an adaptation to the carrier frequency is beneficial. 

It should also be denoted, that for higher carrier frequencies higher bandwidths and therefore higher data rates for the operation of a cellular systems are more probable to be assigned to. Operation at higher bandwidths and sample rates, respectively, comes along with a higher computational burden. Whereas a spacing of around 10 kHz at 0.9 GHz makes sense in order to overcome the strong multipath effects the same carrier spacing at 2.6 GHz supporting a bandwidth of 20 MHz leads to about an FFT length of at least 2048 sub-carriers. The proposal in Section 3 also gives a solution to keep the number of sub-carriers within an ‘implementable’ order of size.
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Figure 1: Doppler / phase noise – Multipath antagonism
3. Proposed Solution

3.1. Principle
During the last RAN 1 meeting in Athens using an OFDM‑based radio access in the downlink has become apparent to be the most promising candidate for EUTRAN [4]. OFDM and OFDMA, respectively, are ideally suited for an adaptation to the carrier frequency. Moreover, the proposed adaptation mechanism provides two outstanding features

· It is simple and allows therefore for an easy implementation by a sample rate adaptation.

· The number of parameter sets per carrier is fixed and therefore the number of test cases is not increased

The carrier-spacing is adapted to the carrier frequency according to the following method 

f (fC) = f2.6GHz
whereas f is the carrier spacing, f2.6GHz the carrier spacing at 2.6 GHz and  defines a scaling factor depending on the specific carrier frequency. In order to allow for a simple implementation in the avisaged frequency bands we assume the following non-linear allocation scheme for 
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Figure 2: Scaling factor allocation scheme

The basic principle of changing the sub-carrier spacing is illustrated in the Figure 3.
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Figure 3: The basic principle of sub-carrier spacing dependent on the carrier frequency
Frequency Domain: Assuming a constant number of sub-carriers, above method results in a scaling of the supported bandwidth by a factor of . For instance assigning a number of 512 sub-carriers to a bandwidth of 5 MHz @ 0.9 GHz (10 kHz frequency spacing) corresponds to an allocation of 512 sub-carriers at a bandwidth of 10 MHz @ 2.6 GHz (20 kHz spacing). Note, the Doppler frequency shift is proportional to the used carrier frequency. Hence, for the above assignment the impact of the Doppler phenomenon and the phase noise is almost constant (due to doubled sub-carrier spacing and a little more than doubled carrier frequency). Moreover, the higher spacing at higher carrier frequencies allows for the operation with less computational effort 
Time Domain: The construction of the symbols should be independent from the used carrier frequency as shown in the figure 3 on the right side. Particularly, the used number of samples for the cyclic prefix shall stay fix. Scaling the supported bandwidth by a factor of =2 comes along with a doubling of the sample rate. Hence, the time period for the OFDM symbol is halved. Particularly, the time period for the cyclic prefix scales with a factor of 0.5, if 2 GHz instead of 0.9 GHz are used as the carrier frequency. Note, the proposed mechanism takes also into account that higher carrier frequencies imply a reduced multipath effect.

3.2. Possible Numerology

The approach shown in Section 3.1 needs two main parameters to be fixed: the carrier frequency threshold and the sub-carrier distance
The frequency threshold is defined, where the split between low and high sub-carrier spacing is set. This frequency may be either around 1500 MHz or the second possible value may be 2200 MHz. With the second options the large sub-carrier spacing would be available for the extension bands (e.g., 2.6. GHz).

The sub-carrier spacing depends on the whole OFDM numerology including TTI length, number of symbols per TTI and cyclic prefix overhead. In general we think about 11 to 15 kHz for the lower sub-carrier spacing and accordingly about 22 to 30 kHz for the higher sub-carrier spacing.

Table 1: One possible candidate of downlink OFDM parameter set, 0.5 msec-TTI (Number of symbols for unicast: 7 or 14, for multicast: 6 or 12)

	Carrier Frequ.
	Band-width [MHz] and (FFT size)
	Number of sub-carriers*
	Number of data symbols for Unicast
	Sub-carrier spacing

[kHz]
	Samp-ling rate

[MHz]

(M/N)**
	Useful symbol dura-tion

[usec]
	Unicast
	Multicast/ Broadcast

	
	
	
	
	
	
	
	GI duration

[usec]

(samples)
	Over-head of GI [%]
	GI duration [usec]

(samples)
	Over-head of GI [%]

	< 2.2 GHz 
	1.25

(128)
	75
	525
	15
	1.92
(1/2)
	66.667
	4.762
(36 or 37)
	6.67
	16.667
(128)
	20

	
	2.5

(256)
	150
	1050
	15
	3.84
(1)
	66.667
	4.762
(36 or 37)
	6.67
	16.667
 (128)
	20

	
	5

(512)
	300
	2100
	15
	7.68

(2/1)
	66.667
	4.762

(36 or 37)
	6.67
	16.667
 (128)
	20

	
	10

(1024)
	600
	4200
	15
	15.36
(4/1)
	66.667
	4.762

 (36 or 37)
	6.67
	16.667
 (128)
	20

	2.6 GHz
	2.5

(128)
	75
	1050
	30
	3.84
(1)
	33.333
	2.381

(36 or 37)
	6.67
	8.333

 (128)
	20

	
	5

(256)
	150
	2100
	30
	7.68

(2/1)
	33.333
	2.381

 (36 or 37)
	6.67
	8.333

(128)
	20

	
	10

(512)
	300
	4200
	30
	15.36
(4/1)
	33.333
	2.381

 (36 or 37)
	6.67
	8.333

 (128)
	20

	
	20

(1024)
	600
	8400
	30
	30.72
(8/1)
	33.333
	2.381

 (36 or 37)
	6.67
	8.333

(128)
	20


* Tentatively assuming an occupied bandwidth of around 90%
** 3.84 MHz x M/N

In Table 1 we show the different parameters for the OFDM numerology dependent on the bandwidth for the two different sub-carrier spacings of 15 kHz (first four rows) and of 30 kHz (last four rows). For this first example we used the numbers proposed as parameter set 1 in the OFDM study item [5]. We adapted the set to a TTI length of 0.5 ms which seems more feasible than the 0.667 ms.
Due to the even number of symbols for the large sub-carrier spacing we get advantages for the MIMO processing. There will be a higher probability of MIMO approaches especially in small cells and at the UMTS extension bands. 
4. Conclusions
We propose to use two different sub-carrier spacings for the evolved UTRAN downlink dependent on the carrier frequencies. This has the following advantages

· Compensation of the higher Doppler phenomenon and larger phase noise at higher carrier frequencies

· Availability of larger cyclic prefixes at lower carrier frequencies where higher delay spreads are more probable and where MBMS services can be combined over larger distances (due to lower pathloss exponent).

· Sufficient number of sub-carriers (at least 75 at 1.25 MHz bandwidth at 900 MHz)

· Reduction of processing complexity at high carrier frequencies (large bandwidth (20 MHz) will be used there).

· Even number of symbols for the large sub-carrier spacing (advantageous for MIMO processing).
If this proposal is agreed we would volunteer to prepare the respective section for the TR.
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