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1. Introduction

References [1,2,3] discussed the impact of the scalable bandwidth (BW) on the overall concept for LTE spurious emissions and ACLR requirements. 
In [1] it is proposed for both, the BS and UE, to start the spurious emission requirement always at a fixed offset of 10 MHz from the edge of the LTE carrier of any BW, rather then starting at an offset proportional to the carrier BW as recommended in ITU-R SM.329-10. Spurious levels of -15 dBm/MHz were suggested for the BS and -30 dBm/MHz for the UE at 10 MHz from the edge of the LTE carrier.
In [2] it is proposed for both, the BS and UE, to define generic (i.e. regardless of the LTE carrier BW) ACLR limits with a granularity corresponding to the smallest LTE BW within the region up to 10 MHz from the edge of the LTE carrier. This was assuming identical TX powers and the actual levels were left FFS.
In [3] it is considered to scale the spectrum emission requirements for the UE in line with ITU recommendation ITU-R SM.329-10 as it was assumed that the co-channel interference will be proportional to the increase in the channel BW. Meeting the same emission mask for all LTE channel BWs was seen as difficult to achieve from an implementation perspective without some form of mitigation (e.g. reduction in UE power to increase linearity for higher rate channel bandwidth).
This contribution provides some initial results for the expected PSDs for the various LTE BW options. 
2. Results for Node B

The parameters of the OFDM TX signals of the scalable BW options are defined in line with [4], Table 7.1.1-1 which are copied here as Appendix A. The following additional simulation parameters have been assumed:
Table 1. DL Simulation parameters

	Item
	Value
	Comment

	Used modulation on subcarriers
	QPSK
	

	BS TX power
	43 dBm
	kept the same for all the scalable BW options

	Over-sampling rate
	4x
	

	BB signal spectral shaping
	- Triangular time-domain windowing; RRC FIR for the 1.25 MHz option
- upsampling image rejection filter and analog filter used
	- spectral shaping is not defined in [4]

- spectrum was shaped to meet the UTRA SEM with sufficient margin (~10 dB)

	Clipping (for PAPR reduction)
	On
	Clipper EVM target was 17.5 % (-15.1 dB)

	PA model
	Hard envelope limiter for AM/AM
	models PA with perfect PD

	PA operating point
	OBO determined from the  5 MHz BW option (reference case)
	- OBO kept the same for all the BW options 
- OBO set so that the UTRA SEM of TS 25.104 is meet with a ~3 dB margin for the 5 MHz LTE option

	Other RF impairments 
	Not modelled
	


The following Figs. 1-4 show the PSD of some of the LTE DL signals in the region of up to 250 % of the nominal carrier BW. For informative comparison purposes the first 5 MHz of the UTRA SEM is also displayed.
Fig. 5 displays the PSDs of Figs. 1-4 within the region of 10 MHz above the nominal band edge.
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Figure 1. PSD of the LTE 5 MHz BW option (reference case)
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Figure 2. PSD of the LTE 10 MHz BW option
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Figure 3. PSD of the LTE 20 MHz BW option
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Figure 4. PSD of the LTE 1.25 MHz BW option
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Figure 5. Comparison of the PSD 
The following observations can be made:
1. The PSDs scale with the carrier BW, hence also the ACLR1/2 (with RBW = carrier BW) are expected to be approximately the same for any of the LTE BW options.
2. Meeting close to the band edge a certain ‘absolute’ ACLR value with a fixed RBW (e.g. 1.25 MHz as proposed in [2]) but referred to the total TX power will be most difficult for the 1.25 MHz BW option and becomes progressively easier for the wider BW options. 

3. The proposal in [1] to start the spurious emission requirement always 10 MHz from the edge of the LTE carrier of any BW with a level of -15 dBm/MHz (= -30 dBm/30 kHz) appears to be feasible for a +43 dBm BS. However, for output powers > 43 dBm this may become the limiting requirement for the 10 … 20 MHz LTE options and should be FFS. This is due to the fact that the 10 MHz offset point is still within the ACLR1 domain of these BW options.
The fundamental characteristics of the 5, 10, 20 MHz PSDs shown here for LTE can also be observed from the PSDs of n*5 MHz multi-carrier WCDMA signals. The flexible BW OFDM signal behaves fundamentally in the same way.
These were initial PDS results assuming perfect linearization for all BWs; actual PSD results may differ and this area is FFS.
3. Results for UE

The parameters of the SC-FDMA UE TX signals of the scalable BW options are shown below. The difference of these parameters to ones in [4] is that one has been added or subtracted to/from a number of used sub-carriers when the original number has been even.
Table 1. Parameters for Uplink Transmission Scheme using BW efficiency of ~90%

	Spectrum Allocation
(MHz)
	Sub-frame duration
(ms)
	Long block size
((s/#of occupied subcarriers /samples*2)
	Short block size
((s/#of occupied subcarriers /samples)
	CP duration
((s/samples *1)


	20
	0.5
	66.67/1201/2048
	33.33/601/1024
	(4.13/127) ( 7,

(4.39/135) ( 1*

	15
	0.5
	66.67/901/1536
	33.33/451/768
	(4.12/95) ( 7,

(4.47/103) ( 1*

	10
	0.5
	66.67/601/1024
	33.33/301/512
	(4.1/63) ( 7,

(4.62/71) ( 1*

	5
	0.5
	66.67/301/512
	33.33/151/256
	(4.04/31) ( 7,

(5.08/39) ( 1*

	2.5
	0.5


	66.67/151/256
	33.33/75/128
	(3.91/15) ( 7,

(5.99/23) ( 1*

	1.25
	0.5
	66.67/75/128
	33.33/37/64
	(3.65/7) ( 7,

(7.81/15) ( 1*1


 The following additional simulation parameters have been assumed:
Table 1. UL Simulation parameters

	Item
	Value
	Comment

	Used modulation on subcarriers
	QPSK
	

	UE TX power
	24 dBm
	- Kept the same for all the scalable BW options

	Over-sampling rate
	8x
	- 8x used to have wide enough spectrum for OOBE analysis with 2.5 and 1.25MHz options

	BB signal spectral shaping
	- No windowing
- Upsampling image rejection filter and analog filter 
	- Spectral shaping is not defined in [4]

- Spectrum is shaped to meet the UTRA SEM with sufficient margin

	Clipping (for PAPR reduction)
	No
	

	PA model
	Simple model for PC3 WCDMA Rel-6 compatible PA
	

	PA operating point
	33dB ACLR1 with HSDPA/HSUPA capable PA.
	- Modulation quality not verified.

	Other RF impairments 
	Not modelled
	


In the following figures the simulated UE transmitter emissions are shown for the different LTE bandwidth options. The emissions are compared to existing UTRA emissions mask and it’s also studied if the proposal in [1] could be used. It should be noted that the PC3 (+24dBm) WCDMA emission mask always starting from the channel edge is shown in the figures for information only.
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Figure 6. PSD of the LTE UL 1.25 MHz BW option
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Figure 7. PSD of the LTE UL 2.5 MHz BW option
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Figure 8. PSD of the LTE UL 5 MHz BW option
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Figure 9. PSD of the LTE UL 10 MHz BW option
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Figure 10. PSD of the LTE UL 15 MHz BW option with full power and 3dB reduced power
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Figure 11. PSD of the LTE UL 20 MHz BW option with full power and 4dB reduced power
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Figure 12. PSD of the LTE UL BW options – 0 point is the edge of the frequency block
The following observations can be made:

1. The PSDs clearly scale with the carrier BW, hence also the ACLR1/2 (with RBW = carrier BW) are expected to be approximately the same for any of the LTE BW options.

2. If an ‘absolute’ ACLR value is defined with via fixed RBW (e.g. 1.25 MHz as proposed in [2]) and referred to the total TX power, then we note up to ~20 dB differences between the LTE BW options within the 10 MHz adjacent to the nominal band edge. This makes the definition of a common (absolute) ACLR envelope for all LTE BW options (as proposed in [2]) not viable.
3. The proposal in [1] to start the spurious emission requirement always 10 MHz from the edge of the LTE carrier of any BW with a level of -30 dBm/MHz (= -45.2 dBm/30 kHz) is not feasible for 15 and 20 MHz BW options without further linearization of the PA (higher current consumption) or power reduction. These preliminary results indicate that 3 and 4dB power reduction would be needed in 15 and 20 MHz cases respectively.
It should be remembered that these results initial ones and further work in this area is needed to define the emission requirements for LTE.
4. Discussion

The results presented in above Sections 2 and 3, in particular for the UE, indicate that ACLR and SEM requirements need to be defined across a frequency range which scales with the LTE BW.  If the ACLR / SEM requirements do not include this BW dependency, mitigation methods such as the reduction of UE TX output power need to be considered for the wider BW options (15, 20 MHz).
There are further aspects which need to be kept in mind when considering concepts for the LTE RF spectrum emissions requirements:

1. System aspects determining co-existence with adjacently deployed systems (LTE, UTRAN,GERAN):  
Firstly, co-existence with adjacent systems as required in TR 25.913 does not necessarily require identical SEM (or (absolute) ACLR) requirements. An example for this is the RF compatibility of UTRA with GERAN. 
Neither would identical ACLR/SEM requirements guarantee co-existence as also system features (e.g. power control) are important factors. Furthermore, co-existence will also depend on the chosen RF system scenario (inter-site-distances, macro/micro cells, propagation models,…) and chosen system simulation assumptions (outage criteria, BW, power levels, …). 
Summarizing, identical SEM / ACLR requirements alone do not ensure determine co-existence, but only the complete set of system/scenario aspects.
2. Existing regulations / recommendations for unwanted emissions, such as e.g. the FCC Part 24 rules and ITU-R SM.329-10 both include elements of scaling with the BW. Aiming at a 10 MHz fixed frequency range for SEM / ACLR for all LTE BW options is in conflict with the ITU recommendations as already pointed out in [1]. 
Regarding the FCC Part 24 rules, there will be a 12 dB difference between the 1.25 and 20 MHz LTE options in the mandated emission levels in the first 1 MHz adjacent to the nominal band edge. This emission level difference essentially follows the dynamics shown in Fig. 5 for the BS and Fig 12. for the UE. Going here for a BW-independent common requirement (i.e. according to the 20 MHz option) would put e.g. the 1.25 MHz option at great disadvantage (power reduction, more guard carriers etc).
5. Proposal
Based on the above discussion, the following structure of spectrum emission requirements is proposed, for both, BS and UE:

1. Define the frequency range for ACLR1/2 and SEM requirements proportional to the LTE BW. 
2. Define the ACLR requirements for each LTE BW option separately, with a granularity corresponding to the smallest LTE BW (or comparable RBW such as 1 MHz) as proposed in [2].
3. Define the SEM requirements for each LTE BW option separately. 

4. Apply the 250 % rule of ITU-R SM.329-10 for the start of the spurious domain also to variable BW LTE.
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Appendix A – DL TX signal parameters from [4]

7.1
OFDMA (FDD / [TDD])
7.1.1
Basic transmission scheme

The downlink transmission scheme is based on conventional OFDM using a cyclic prefix, with a sub-carrier spacing (f = 15 kHz and a cyclic-prefix (CP) duration TCP (4.7/16.7 (s (short/long CP). Assuming that a 10 ms radio frame is divided into 20 equally sized sub-frames (of which, in case of TDD operation, a subset is allocated for downlink transmission), this parameter set implies a sub-frame duration Tsub-frame = 0.5 ms. The basic transmission parameters are then specified in more detail in Table 7.1.1-1 below. It may be noted that numerology specified below are for evaluation purpose only.

Table 7.1.1-1 - Parameters for downlink transmission scheme
	Transmission BW
	1.25 MHz
	2.5 MHz
	5 MHz
	10 MHz
	15 MHz 
	20 MHz

	Sub-frame duration 
	0.5 ms

	Sub-carrier spacing
	15 kHz

	Sampling frequency 
	1.92 MHz
(1/2 ( 3.84 MHz)
	3.84 MHz
	7.68 MHz
(2 ( 3.84 MHz)
	15.36 MHz
(4 ( 3.84 MHz)
	23.04 MHz
(6 ( 3.84 MHz)
	30.72 MHz
(8 ( 3.84 MHz)

	FFT size
	128
	256
	512
	1024
	1536
	2048

	Number of occupied 
sub-carriers†, ††
	76

	151
	301
	601
	901
	1201

	Number of 
OFDM symbols 
per sub frame
(Short/Long CP)
	7/6

	CP length (μs/samples)
	Short
	(4.69/9) ( 6,

(5.21/10) ( 1*
	(4.69/18) ( 6,
(5.21/20) ( 1 
	(4.69/36) ( 6,

(5.21/40) ( 1 
	(4.69/72) ( 6,

(5.21/80) ( 1 
	(4.69/108) ( 6,

(5.21/120) ( 1 
	(4.69/144) ( 6,

(5.21/160) (1 

	
	Long
	(16.67/32)
	(16.67/64)
	(16.67/128)
	(16.67/256)
	(16.67/384)
	(16.67/512)


†Includes DC sub-carrier which contains no data

†† This is the assumption for the baseline proposal. Somewhat more carriers may be possible to occupy in case of the wider bandwidth
*: {(x1/y1) ( n1, (x2/y2) ( n2} means (x1/y1) for n1 OFDM symbols and (x2/y2) for n2 OFDM symbols
Appendix B – UL TX signal parameters from [4]

9.1
SC-FDMA (FDD / [TDD])

9.1.1
Basic transmission scheme

The basic uplink transmission scheme is based on low-PAPR single-carrier transmission (SC-FDMA) with cyclic prefix to achieve uplink inter-user orthogonality and to enable efficient frequency-domain equalization at the receiver side. Frequency-domain generation of the signal, sometimes known as DFT-spread OFDM, is assumed and illustrated in Figure 9.1.1-1. This allows for a relatively high degree of commonality with the downlink OFDM scheme and the same parameters, e.g., clock frequency, can be reused,
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Figure 9.1.1-1 Transmitter structure for SC-FDMA.

The sub-carrier mapping determines which part of the spectrum that is used for transmission by inserting a suitable number of zeros at the upper and/or lower end in Figure 9.1.1-2. Between each DFT output sample L-1 zeros are inserted. A mapping with L=1 corresponds to localized transmissions, i.e., transmissions where the DFT outputs are mapped to consecutive sub-carriers. With L>1, distributed transmissions result, which are considered as a complement to localized transmissions for additional frequency diversity.
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Figure 9.1.1-2 Localized mapping (left) and distributed mapping (right).

The basic sub-frame structure for the uplink transmission is given in Figure 9.1.1-3 using two short blocks (SB) and six long blocks (LB) per sub-frame. Short blocks are used for reference signals for coherent demodulation and/or control/data transmission. Long blocks are used for control and/or data transmission. Note that the data could include either or both of scheduled data transmission and contention based data transmission. Furthermore, the same sub-frame structure is used for both localized and distributed transmission.

The numerology for the different spectrum allocations is shown in Table 9.1.1-1. The minimum TTI for uplink transmission is equal to the uplink sub-frame duration. Similar to the downlink, the possibility to concatenate multiple sub-frames into longer uplink TTIs should be considered.
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Figure 9.1.1-3. Sub-frame format with two short blocks/sub-frame

Table 9.1.1-1. Parameters for Uplink Transmission Scheme using BW efficiency of ~90%

	Spectrum Allocation
(MHz)
	Sub-frame duration
(ms)
	Long block size
((s/#of occupied subcarriers /samples*2)
	Short block size
((s/#of occupied subcarriers /samples)
	CP duration
((s/samples *1)


	20
	0.5
	66.67/1200/2048
	33.33/600/1024
	(4.13/127) ( 7,

(4.39/135) ( 1*

	15
	0.5
	66.67/900/1536
	33.33/450/768
	(4.12/95) ( 7,

(4.47/103) ( 1*

	10
	0.5
	66.67/600/1024
	33.33/300/512
	(4.1/63) ( 7,

(4.62/71) ( 1*

	5
	0.5
	66.67/300/512
	33.33/150/256
	(4.04/31) ( 7,

(5.08/39) ( 1*

	2.5
	0.5


	66.67/150/256
	33.33/75/128
	(3.91/15) ( 7,

(5.99/23) ( 1*

	1.25
	0.5
	66.67/75/128
	33.33/38/64
	(3.65/7) ( 7,

(7.81/15) ( 1*1


*1: {(x1/y1) ( n1, (x2/y2) ( n2} means (x1/y1) for n1 reference signal or data blocks and (x2/y2) for n2 reference signal or data blocks
*2: FFT size = samples
Note that the largest CP duration includes guard time for ramp up + ramp down time
�75 were used in oder to obtain a symmetric spectrum around the DC carrier
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