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1 Introduction
Out of band emissions are unwanted emissions immediately outside the nominal channel resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. In UTRA the out of band emission limit was specified in terms of a Spectrum Emission Mask (SEM) and an Adjacent Channel Leakage power Ratio (ACLR).

In this paper we look at the LTE Spectrum Emission Mask (SEM) requirements taking into account some of the recent work on ALCR1/2 for the different bandwidth options. First we look at 

· Background relationship between SEM and ALCR 

· The SEM impact due to the change in radio access technology 

· The SEM impact due to different bandwidth options

· The SEM impact due to asymmetrical bandwidth (ACLR2)

· The SEM impact due to different RB allocations

Finally we try and drawn some conclusions in setting the SEM requirements for LTE

2 Background relationship between SEM and ALCR

For UTRA the Out of band emissions was defined in RAN4 after a long discussion on the relationship between ACLR and SEM. It was finally concluded that the ACLR is a wideband requirement and should not be derived directly from the narrowband SEM requirement. It also noted that the spectrum mask would not replace the ACLR requirement, since the could be considered to large extent to be independent 

The agreed outcome for UTRA was that both the ACLR and mask definitions were specified but they would be defined in such a way that not one of them is overly strict compared to the other.  In this case the integrated mask requirement was set as 3-4 dB(s) higher compared to the more exact ACLR requirement
For LTE it will be difficult to maintain the simple relationship between ALCR and SEM requirement since this relationship is more complex due to the different bandwidth option and the need to support both symmetrical and asymmetrical co-existence. This is also further compounded by the use of flexible resource allocation.  In this case the impact on the SEM of these issues are addressed in the following sections
3 The SEM impact due to the change in radio access technology

The transmitter mask from a UE will depend not only on the amplifier and its linearity, but also on the modulation and RB allocation. For full RB allocation the main difference between WCDMA and LTE is due to higher spectral efficiency for LTE (4.51MHz) compared to WCDMA (3.84MHz) and the modulation type (WCDMA/DFT-OFDM) as shown in Figure 3 below
Figure 3 mask of WCDMA and LTE for ACLR1 (33dBm/3.84MHz)[image: image1.emf]Spectral Mask
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The above plots for WCDMA and LTE show the tighter requirement at 2.5MHz and at knee effect at ~ 7 MHz due to IM products
4 The SEM impact due to different BW options

As captured in TR36.804 the spectrum emission mask scales in proportion to the channel bandwidth due to PA non-linearity. Figure 4 shows the normalized spectrum for the different BW options which confirm this conclusion
Figure 4.1 Spectrum estimate normalized bandwidth (5, 10, 20MHz)
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So in this case scaling the frequency offset for the different bandwidth options would be a reasonable approach to define a generic SEM as shown in figure 4.2 where a frequency offset table could be defined for each bandwidth option 

Figure 4.2 Generic scalable mask 
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5 The SEM impact due to asymmetrical bandwidth 
If we consider the asymmetrical bandwidth shown in figure 5.1 and figure 5.2 depending on what is agreed for ACLR2 {2} we may need a different SEM mask. Increasing the number of asymmetrical bandwidth combination will increase the number of mask permutations 
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Figure 5.1
Figure 5.2
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Figure 2.5 show the change in emission and hence SEM when MPR is added to improve ACLR. So in this case the generic SEM mask as shown in Figure 4.2 would need to be modified unless the asymmetrical case is treated as an exception to the generic mask if a tighter ACLR2.MPR requirement is required
6 SEM impact due to different RB allocation
The figure 6 series of plots show the spectral data measured for an ACLR1 of 33dB/3.84MHz for the 5MHz BW case.  In this case this represents a PA that has been optimised for meeting the WCDMA ACLR with a 5 MHz LTE signal and max rated power (whatever one ultimately decides is the max power is).  These results can be extrapolated for other bandwidth cases since we have shown previously the spectrum emission mask scales with the bandwidth. So in this case the conclusion would apply to all the LTE bandwidth options 

As a starting point we have re-used the WCDMA SEM mask to show the impact of different RB allocation and positioning. For the 5MHz case no scaling of the frequency offset is applied. 

Figure 6.1: 1RB edge of block
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Figure 6.2: 5RB edge of block
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Figure 6.3: 8 RB edge of block
[image: image3.emf]Spectral Mask

-90

-80

-70

-60

-50

-40

-30

-20

-10

0

10

-1.5E+07 -1.0E+07 -5.0E+06 0.0E+00 5.0E+06 1.0E+07 1.5E+07

Frequency (MHz)

Power (dB/MHz)


Figure 6.4: 10 RB edge of block
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Figure 6.5: 15 RB edge of block
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Figure 6.6: 20 RB edge of block
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Figure 6.7: 25 RB edge of block
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A general observation is the LTE spectral emissions are marginal to WCDMA spectral mask depending on the RB allocation and position with the channel. 
7 Discussions

Some observation are offered in this section 
· The WCDMA spectrum mask is marginal depending on the RB allocation and position, however it a reasonable approximation. This would question the re-use of the current WCDMA mask for LTE
· The SEM mask is based on symmetrical deployment. In the case of a MPR approach is adopted for ACLR2 then this implies a further variation in the SEM. 

Possible solutions 

1. Define a WCDMA mask with a larger relaxation

a. Does it make sense to define a LTE mask on a  WCDMA mask which is not optimised for LTE 

2. Allow a number of exceptions. However this poses a number of questions;  

a. The number of exceptions needed and if this is a function of RB allocation and position. 
b. How will the number exceptions scale for the different bandwidth options? 
c. Does it make sense to define exception to a WCDMA mask which is not optimised for LTE
d. How will MPR and associated impact on the mask be addressed

3. Define a mask based on RB allocation. 

a. Since the 20MHz option can support 100 RB this represent a significant test requirement which may not provide useful conformance data

4. Developing a LTE  best fit mask take into account RB allocation if we need to define a LTE SEM   
a. In practise since the ACLR requirement and the SEM is only maintain as a “roofing” requirement and can be more  focused on regulatory requirement i.e. FCC limit
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9 Annex
This section provide the relevant material relating to SEM  
6.6.2.1.1
UE Spectrum emission mask as specified in UTRA

ITU-R SM.328 ‎[9] and SM.1541 ‎[18] define “Permissible out-of-band spectrum (of an emission)” as the power density of emissions above and below the necessary bandwidth. The spectrum emission masks defined for the UE in RAN4 specifications specify such limits of emissions, based on a necessary bandwidth of 5 MHz (+/-l 2.5 MHz from the carrier centre frequency). No limits are specified inside the necessary bandwidth. 

For Band I the masks are also included in the ITU-R recommendation M.1581 ‎[8] on IMT-2000 unwanted emissions. The spectrum masks were mostly based on studies of the spectrum shape of UTRA emissions in early stages of RAN4 work. The masks are also limited by FCC regulations ‎[12] for Bands II, IV and V.

The masks were used for several 3GPP co-existence studies as input parameters. In regulatory bodies, CEPT/ECC used the masks as input to several reports studying co-existence and adjacent channel compatibility for IMT-2000 ‎[13] ‎[14] ‎[15]. These reports were partly developed in co-operation with 3GPP.

The UTRA UE mask ‎[7] is defined from 2.5 MHz to 12.5 MHz from the UE carrier centre frequency. 12.5 MHz is selected as 250% of the necessary bandwidth, as recommended in ITU-R SM.329 ‎[10]. The mask is defined with a 30 kHz resolution in the first MHz and with a 1 MHz resolution beyond that point. The mask is expressed in dBc, with an additional absolute limit.

The UE spectrum mask for the UE is mandatory in RAN4 specifications, to allow for global circulation of terminals. 

9.1.1.1 6.6.2.2
UE Spectrum emissions mask for LTE

LTE should have a spectrum emissions mask requirements (SEM) defined for the UE, based on the following prerequisites.

· SEM should be defined with a reference bandwidth of [100 kHz]. It would have to be verified if this number will be suitable also for matching the mask in the first adjacent MHz as defined in ERC Report 65. 

· The SEM limit should also be set to allow some variations due to varying power allocation between resource blocks.

· FCC requirements [12] which apply mainly in Region 2 should be defined separately as an absolute limit and may need a smaller measurement bandwidth in some cases. They apply for bands II, IV, V and X as additional limits.

· For the larger carrier bandwidths, the OOB domain will stretch outside the operating band. Emission limits must then be set carefully considering co-existence with adjacent band systems.

· Separate spectrum emission mask definitions are needed for each LTE RF carrier bandwidth.

· The masks should be illustrated with a common figure illustrating the shape and the break points of the mask, with each break point identified A, B, etc. These break points can then easily be referenced the tables.

6.6.2.2.1
UE Spectrum emissions mask requirement specification

The Spectrum emissions mask requirements will apply for frequencies that are closer to Fc than 250% of the necessary bandwidth of LTE. Frequencies that are separated from the carrier frequency Fc by more than 250% of the necessary bandwidth are part of the spurious domain, where the spurious emission limits apply as described in Clause 6.6.3. The necessary bandwidth is taken to be equal to the RF bandwidth of the LTE carrier.

The principle for the Spectrum emissions mask is shown in Figure 6.6.2-1. The complete mask will be in the out-of-band domain. 

Table 6.6.2-2: Definition of Out-of-band domain

	RF Bandwidth
	Out-of-band domain

	20 MHz
	Fc – 50 MHz  to Fc + 50 MHz

	15 MHz
	Fc – 37.5 MHz  to Fc + 37.5 MHz

	10 MHz
	Fc – 25 MHz  to Fc + 25 MHz

	5 MHz
	Fc – 12.5 MHz  to Fc + 12.5 MHz

	[Y MHz]
	[Fc – 2.5Y MHz  to F + 2.5Y MHz]

	[X MHz]
	[Fc – 2.5X MHz  to F + 2.5X MHz]

	[1.6 MHz]
	[Fc – 4.0 MHz  to F + 4.0 MHz]

	Note: Fc is the centre frequency of the carrier
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Figure 6.6.2-1 Defined frequency range for Spectrum emissions mask with an example RF carrier and related mask shape (actual limits are TBD).
























































































PAGE  
1

_1232190710.doc
[image: image1.emf]Operating Band (UE transmit)


10 MHz


2.5 x NB 


Carrier


Shape and level of 


the mask are 


TBD


.


Spectrum Emissions Mask (SEM) 


(OOB domain )


OOB domain 


goes out to 250% of


Necessary Bandwidth (NB)


as in SM.329 [10]





