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1. Introduction

Basic structures for the DL/UL signals are given in TR 25.814 [1]. In its Table 7.1.1.1.2-1 (for DL) and Table 9.1.1-1 (for UL), for all bandwidths, the number of usable sub-carriers is linearly proportional to the given bandwidth. This implies that currently, for higher bandwidths there is a larger guard band between the outer sub-carriers and the band edge.

For the bandwidths below 5 MHz, the number of sub-carriers is still subject to discussion due to the frequency guard bands and the resulting requirements on the transmit and receive filter characteristics.

This document discusses an approach to increase the E-UTRA spectral efficiency in a straightforward way, by keeping the guard band constant when changing from 5 MHz to higher bandwidths.
2. Spectrum-efficient adaptation of the number of usable sub‑carriers to increased bandwidths
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Figure 1: Principle of spectrum-efficient bandwidth extension for E-UTRA
In [3], it has been shown that it is possible for transmit amplifiers to obey the WCDMA spectral mask as defined in [4] with a 5 MHz DL FDD E-UTRA signal as defined by the parameters according to Table 7.1.1.1.2-1 in [1] by means of appropriate time windowing and / or filtering. Figure 1 shows a schematized exemplary extension of the bandwidth, presuming that the ACLR is principally determined by the size of the guard frequency band between the outermost sub-carriers and the band limits. Therefore, taking the 5 MHz case as a reference, for higher bandwidths the guard bands are kept constant.
3. Numerical evaluation

For the 5 MHz FDD DL signal, the net signal spectrum comprises 301 sub-carriers (including the DC sub-carriers) or 4.515 MHz, leading to a guard band of D = 242.5 kHz at both sides of the spectrum. Keeping D constant also for higher bandwidths, the number U of usable sub-carriers including the DC sub-carriers is found by
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where B indicates the bandwidth and Δs = 15 kHz the sub-carrier separation.

Table 1
	Bandwidth
	Number of sub‑carriers with constant guard band
	Number of sub‑carriers according to [1]
	Relative spectral efficiency raise

	5 MHz
	301
	301
	0 %

	10 MHz
	634
	601
	+5.5 %

	15 MHz
	967
	901
	+7.3 %

	20 MHz
	1301
	1201
	+8.3 %


In practice, the flexibility of fixing the number of usable sub-carriers will be limited by the PRB granularity. With the given PRB size of 12 sub-carriers, we find the following values (the number of sub-carriers occupied by the PRBs being given in parentheses)

Table 2
	Bandwidth
	Number of PRBs with constant guard band
	Number of PRBs fitting to [1]
	Relative spectral efficiency raise

	5 MHz
	25 (300)
	25 (300)
	0 %

	10 MHz
	52 (624)
	50 (600)
	+4 %

	15 MHz
	80 (960)
	75 (900)
	+6.7 %

	20 MHz
	108 (1296)
	100 (1200)
	+8 %


Note that mutatis mutandis, these values may also be found for FDD UL as well as for TDD DL/UL, using the same principle.

4. Summary and Conclusion

It is presumed that for E-UTRA, the ACLR is principally determined by the size of the guard frequency band between the outermost sub-carriers and the band limits. In the current sub-carrier allocation, the guard band increases with increasing bandwidth. It is shown that when the band edge guard band is kept constant, the spectral efficiency can be boosted by up to 8 % without adding undue complexity to the system, thus helping to achieve the required performance parameters. This approach may be valid for UL and DL as well as for FDD and TDD.
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