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1 Introduction

The principle for Out-of-band emission limits are agreed and documented in [1], including the concept of operating band unwanted emission limits:

· They are defined as a “mask” that stretches from 10 MHz below the lowest frequency of the BS transmitter operating band up to 10 MHz above the highest frequency of the BS transmitter operating band

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

· A 100 kHz reference bandwidth is used.
This contribution takes these principles further and proposes such limits for the LTE BS. The levels and discussion is aligned with the LTE BS ACLR proposal in [6].
2 Discussion

2.1 Mask options
ACLR requirement cover most co-existence cases, but as pointed out in [4] and [1], requirements with smaller reference bandwidth may be needed for some legacy co-existence scenarios such as GSM. These limits should however not be set to be limiting or dimensioning for the implementation and should as pointed out in [1] allow for some variations in power allocations.

There are two alternative ways forward to defining the operating band unwanted emission limits:

Option 1

One set of limits per RF bandwidth can be defined, where the break points are fundamentally scaled with the RF bandwidth and the limit levels are adapted to the ACLR levels and implementation restrictions. Some things to note:

· Mask limits adapted to the selected ACLR limits will for this option extend to 250% of the necessary bandwidth inside the operating band, which for a 10 or 20 MHz RF bandwidth may be a substantial part of the band. 
· Outside of the 250% point point, the spurious domain limit of -15 dBm/1 MHz (Category B) will apply.

· For RF bandwidths larger than 5MHz, such a mask cannot is not fully applied for a carrier at the operating band edge, since the operating band unwanted emission limits must end 10 MHz from the band edge, irrespective of the RF bandwidth.

Option 2
A single set of limits is defined, at least for RF bandwidths 5, 10, 15 and 20MHz. The mask is based the ACLR levels taking all those bandwidths into account. Some things to note:
· The mask will only extend to 10 MHz outside the RF carrier edge, which is the point where the spurious domain starts for a 5MHz carrier. 
· Outside of the 10 MHz point, the spurious domain limit of -12 dBm/1 MHz (Category B) will apply for all bandwidths. Note that the mask can be fully applied also for a carrier at the operating band edge.
· The limits of the mask need to take into account the ACLR limits for RF bandwidths 5, 10, 15 and 20MHz.

Defining a single Operating band unwanted emission limit for all bandwidths from 5 to 20 MHz gives a generic OOB emission limit that is applied for all BS, irrespective of how the BS is configured in terms of bandwidths, number of carriers, resource block allocations etc. Limits according to Option 2 above will also in its scope be more aligned with the existing UTRA spectrum mask. The mask levels below are for this reason based on Option 2.

There may in addition be regulatory limits that are stricter than the mask in some cases, such as FCC limits. These should be defined separately as agreed and documented in [1]. 
2.2 Mask levels

The mask levels are set as absolute emission levels, based on a maximum carrier power level of 46 dBm. This power level assumes a Wide Area LTE base station. It could be beneficial to also define another mask for a Local Area LTE BS with a lower maximum power, by simply lowering all emission limits with the difference in maximum power between the BS classes.

An ACLR1 of 45 dB is proposed in [6] for the LTE BS. For a 46 dBm base station, the 45 dB ACLR corresponds to emissions in the adjacent channel of 1 dBm in 4.5 MHz, which is ‑15.5 dBm in 100 kHz. The mask is based on this limit according to the following:
· Emissions measured in 100 kHz will have variations over the adjacent channels for different resons such as varying RB allocations [4]. The emissions will also have a “slope” from the band edge down to the point where they reach a “floor” of emissions of wideband character. 

· The emission limit should therefore have a slope and be relaxed compared to the ACLR limit in the first adjacent channel. It is proposed to start the slope at -8 dBm per 100 kHz, which is 7.5 dB above the ACLR level. The slope is linear down to the 5 MHz point.

· For the second adjacent channel (6-10 MHz from the band edge) limits can be stricter since emissions have tapered off. It is proposed to set the limit at -15 dBm, which of the same order as the proposed ACLR level for the first adjacent channel. This should allow for some variations of the emissions.
· For the 10, 15 and 20 MHz RF bandwidths, the whole mask range of 0-10MHz will fall in the first adjacent channel. Assuming the same 46 dBm BS power level, the -15 dBm limit will provide a relaxation compared to a 45 dB ACLR limit, since emissions are over a wider bandwidth. This relaxation is 3.5, 5.2 and 6.5 dB. Since a 3.5 dB relaxation may be reasonable to allow for emission variations, this makes it possible to allow higher BS power levels, at least for 15 and 20 MHz. If 48 dBm and 49 dBm are set as maximum BS power for 15 and 20 MHz respectively, the margin for power variations stays at 3-3.5 dB for all bandwidths
The mask proposed is shown in Figure 1 below.
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Figure 1 Proposed Operating band unwanted emission limit for a 5 MHz LTE carrier, 
applicable also for 10, 15 and 20 MHz RF bandwidths.
Aligned with Option 2 in this paper, the proposal in [6] sets both ACLR1 and ACLR2 limits to 45 dB for 5 MHz RF bandwidth LTE operation. For larger bandwidths, only an ACLR1 of 45 dB is defined, while it is assumed that the OOB emissions in the second adjacent channel are covered by the operating band unwanted emission limits as proposed in this contribution. 

2.3 GSM co-existence

In some operating bands, there may be GSM adjacent channel co-existence scenarios for.

The LTE Operating band unwanted emission limits can be used for co-existence analysis, similar to how the spectrum mask for UTRA was used. LTE co-existence with GSM is analysed in TR 36.942 [3]. In clause 7.1.3 of that report, simulations of downlink E-UTRA interferer to a GSM victim show that ACIR>35 dB is needed. With a 43 dBm BS carrier as in the TR 36.942 analysis, this corresponds to an emission in +8 dBm in 200 kHz, which is +5 dBm in 100 kHz. 
Since the Operating band unwanted emission limits proposed above are more than 13 dB below the level derived from the co-existence analysis, it will not impact GSM-coexistence on adjacent carriers.

3  Proposal for mask (Operating band unwanted emissions)
The limits for Operating band unwanted emissions in Table 1 are proposed for the LTE BS requirements. The limits should be applied for Wide Area BS of any Output Power rating, but the maximum BS power levels in Table 2 are assumed when deriving the proposed limits.
Table 1: Proposed operating band unwanted emission limit values for 5, 10, 15 and 20 MHz 
	Frequency offset of measurement filter ‑3dB point, (f 
(from edge of carrier)
	Frequency offset of measurement filter centre frequency, f_offset

(from edge of carrier)
	Minimum requirement
	Measurement bandwidth

	0 MHz ( (f < 5 MHz
	0.05 MHz ( f_offset < 5.05 MHz
	[-8 dBm – 1.4
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	100 kHz 

	5 MHz ( (f < 10 MHz
	5.05 MHz ( f_offset < 10.5 MHz
	[-15 dBm]
	100 kHz 

	10 MHz ( (f ( (fmax
	10.5 MHz ( f_offset < f_offsetmax 
	[-15 dBm]
	1 MHz


NOTE:
-
(f is the separation between the edge of the carrier and the nominal -3dB point of the measuring filter closest to the carrier frequency.


-
f_offset is the separation between the edge of the carrier and the centre of the measuring filter.


-
f_offsetmax is the offset to the frequency 10 MHz outside the operating band edge.


-
(fmax is equal to f_offsetmax minus half of the bandwidth of the measuring filter.

Table 2 Assumed maximum BS power levels for limits in Table 1.

	RF bandwidth
	Maximum BS power

	5 MHz
	46 dBm

	10 MHz
	46 dBm

	15 MHz
	48 dBm

	20 MHz
	49 dBm
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