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Background and discussion
Proposals for how to draft limits for Operating band unwanted emissions were made to RAN4#48bis [6] and RAN4#49 [4,5]. This text proposal is based on those discussion papers and the Text Proposal on RF scenarios in [5].
The fundamentals of the proposal are
· A generic limit similar to the E-UTRA Operating band unwanted emission requirement in structure, but set as a “Block Edge Mask” in relation to the BS RF bandwidth edge instead of the Channel edge.

· Base Station RF bandwidth as defined for the Band Category 1 scenarios outlined in [5].

· Generic limits based on both E-UTRA and UTRA limits.
· Consideration of regulatory requirements from Europe (WAPECS) and the US (FCC) limits.
The relation to Necessary bandwidth (as defined by ITU-R) for channel bandwidths below 5MHz is identified as an open issue.
Proposal

It is proposed that the attached Text Proposal is included in the MSR Work Item TR [1].
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6.6
Unwanted emissions

<Text will be added.>

6.6.1
Operating band unwanted emissions
6.6.1.1
Existing regulatory requirements

Generic “masks” as regulatory requirements exist both in the US (FCC) and in Europe (WAPECS) as block edge mask requirements. The concept with limits related to the RF bandwidth edge that was proposed for the MSR scenarios in subclause 5.2 would be compatible with such Block edge mask (BEM) limits, assuming that a Base Station is deployed in such a way that the RF bandwidth edge can be aligned with the license block edge.
There are BEM limits defined in the EC “WAPECS” decision [8] for Band 7. These limits are expressed as EIRP, but are based on the shape of the UTRA spectrum mask taken from TS 25.104 [2]. It is expected that similar limits may be defined for other European bands.
The US (FCC) requirements for the relevant Category 1 bands are in Part 22, 24 and 27 of FCC Title 47 [7]. These limits are taken in as additional requirements for both UTRA and E-UTRA. The requirements in [7] are interpreted as a ‑13 dBm limit, measured in a 100 kHz measurement bandwidth for the bands below 1GHz (band 5) and in 1 MHz for the bands above 1 GHz (bands 2, 4 and 10). For the 1 MHz frequency range immediately outside the license block, the measurement bandwidth can alternatively be taken as 1% of the emission bandwidth of the fundamental emission of the transmitter (the "-26 dB modulation bandwidth"). 
A generic additional limit based on FCC Title 47 [7], applying to UTRA as well as all channel bandwidths of E-UTRA, would have to be based on of the highest channel bandwidth of 20 MHz, which calculates to ‑13 dBm/200 kHz. For bands >1 GHz, this can be translated to -16 dBm/100 kHz. For bands <1 GHz, the limit will be ‑13 dBm/100 kHz, since the limit in the first MHz cannot be less stringent than the limit beyond 1 MHz.
6.6.1.2
Application of necessary bandwidth

The “Spectrum emissions mask” in UTRA and the “Operating band unwanted emissions” for E-UTRA cover not only the OOB domain, but also the spurious domain inside the downlink operating band. For E-UTRA, it also covers the 10 MHz of spectrum immediately above and below the downlink operating band. For that reason, there is no need to define spurious emission limits inside the operating band. Since parts of the Operating band unwanted emission limits will now be inside the spurious domain, they are however bound by the same regulatory limits that define spurious emissions.
The spurious domain covers frequencies, which are separated from the carrier centre frequency by more than 250% of the necessary bandwidth, as recommended in ITU-R SM.329 [6]. The necessary bandwidth is taken as the channel bandwidth in E-UTRA and 5 MHz in UTRA, as shown in Table 6.6.1.2-1. For both UTRA and E-UTRA, the spectrum mask/operating band unwanted emission limits are aligned with the spurious emission limits outside of this 250% range as can be seen in TS 25.104 [2] and TS 36.104 [4]. 
Table 6.6.1.2-1: Relation between channel bandwidth and necessary bandwidth
	RAT
	Channel bandwidth
	Necessary bandwidth

(250% of channel BW)
	Frequency offset to spurious domain, (f

	UTRA
	5 MHz
	12.5 MHz
	10 MHz

	E-UTRA
	1.4 MHz
	3.5 MHz
	2.8 MHz

	E-UTRA
	3 MHz
	7.5 MHz
	6 MHz

	E-UTRA
	5 MHz
	12.5 MHz
	10 MHz

	E-UTRA
	10 MHz
	25 MHz
	20 MHz

	E-UTRA
	15 MHz
	37.5 MHz
	30 MHz

	E-UTRA
	20 MHz
	50 MHz
	40 MHz


For E-UTRA, the Operating band unwanted emission limits are generic for bandwidths ≥5 MHz, and are thus based on the recommended spurious emission limits in [6] for (f>10 MHz. Also in UTRA, emissions are bound by the recommended spurious emission limits in [6] for (f>10 MHz, based on the 5 MHz channel bandwidth. For the 1.4 and 3 MHz E-UTRA channel bandwidths, a strict interpretation of the recommendations in [6] would give a spurious domain that partly covers frequency ranges also for (f <10MHz.
It should be noted that ITU-R SM.329 [6] does not give any specific recommendations for how to set a necessary bandwidth in case of a multi-carrier (or multi-RAT) base station for mobile services. Guidance for those particular cases needs to be developed.

<This is for further study.>

6.6.1.3
Band category 1 
6.6.1.3.1
RF bandwidth Scenarios
Traditionally, 3GPP RF requirements inside the operating band are defined in relation to a carrier, even though in some cases a simplistic approach is used for some multi-carrier requirements. Introducing MSR will require considerations of a group of carriers transmitted in a Multi-carrier transmission configuration as discussed for the RF scenarios in clause 5.2. RF requirements will have to be set relative to such a group of carriers, defined by the Base Station RF bandwidth. 
Also from a regulatory point of view, a licensed frequency block can be used for various technologies with different number of carriers and bandwidths. As presented in subclause 6.6.1.1, current regulatory requirements in some regions are based on such a frequency block edge approach. Examples are the FCC Title 47 requirements in the US [7] and requirements in the “WAPECS” decision in Europe [8]. 

The level of requirements should be chosen carefully to maintain the performance of the technologies sharing the same frequency spectrum and radio resources. The possible RF scenarios for Band category 1 were developed in subclause 5.2.1, covering combinations of E-UTRA and UTRA and leading to a strict definition of the Base Station RF bandwidth for the E-UTRA and UTRA carriers configured in that bandwidth and how it relates to the channel edges of the carriers. 

With that definition in place a generic Operating band unwanted emissions requirement can be set in relation to the Base Station RF bandwidth as shown in Figure 6.6.1.3.1-1. The limit starts from the RF bandwidth edges and is valid irrespective of how many carriers are deployed in the RF bandwidth and of what RAT they are (E-UTRA and/or UTRA). The principle of defining the requirement is inherited from E-UTRA, in that it is defined from 10 MHz below the lowest frequency of the downlink operating band up to 10 MHz above the highest frequency of the downlink operating band. The level however is derived from both the existing UTRA and E-UTRA requirements as shown below in subclause 6.6.1.3.2.
The Operating band unwanted emission limits will be generic, but there will still be several options defined. The reason is that the limits need to be adapted to Category A/Category B spurious emission limits from ITU-R [6] and some regional requirements from the FCC [7].
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Figure 6.6.1.3.1-1 
6.6.1.3.2
Derivation of requirement
The generic Operating band unwanted emission limits will be based on the limits for E-UTRA in TS 36.104 [4] and UTRA in TS 25.104 [2]. When comparing those limits for a General Purpose/Wide Area BS (output power ≥43 dBm), it turns out that the UTRA mask is more stringent in all cases except one. This exception is for the E-UTRA mask for Category B spurious emissions, bands above 1 GHz and offsets >10 MHz. Here, the E-UTRA mask is based on the spurious domain limit of -15dBm/MHz, which is stricter than the -13 dBm/MHz of the UTRA mask. Note however that the stricter spurious emission limit also applies for UTRA, but is defined in the Spurious emissions section of TS 25.104 [2].
The generic Band category 1 mask will therefore be based on the UTRA mask, as shown in Table 6.6.1.3.2-1. It will be identical for Category A spurious emissions and for Category B spurious emissions for Bands below 1 GHz. For Category B spurious and bands above 1 GHz, the limit will however be stricter for offsets >10 MHz as explained above.
Table 6.6.1.3.2-1: UTRA Spectrum emission mask from [2] (BS maximum output power P ( 43 dBm) 

	Frequency offset from carrier centre of measurement filter ‑3dB point, (f
	Frequency offset from carrier centre of measurement filter centre frequency, f_offset
	Minimum requirement 
	Measurement bandwidth

	2.5 MHz ( (f < 2.7 MHz
	2.515MHz ( f_offset < 2.715MHz 
	-14 dBm
	30 kHz 

	2.7 MHz ( (f < 3.5 MHz
	2.715MHz ( f_offset < 3.515MHz
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	30 kHz 

	(Note 1)
	3.515MHz ( f_offset < 4.0MHz 
	-26 dBm
	30 kHz 

	3.5 MHz ( (f ( (fmax
	4.0MHz ( f_offset < f_offsetmax 
	-13 dBm
	1 MHz 


Note that f_offset and (f  are defined for UTRA [2] in relation to the carrier centre, while the generic requirement developed for MSR defines f_offset and (f  it in relation to the Base Station RF bandwidth edge, which for UTRA is identical to the channel edge of the carrier. For this reason, all offsets for MSR are reduced with 2.5 MHz (half the UTRA channel bandwidth) compared to the offsets in Table 6.6.1.3.2-1.
The current UTRA emission mask in TS 25.104 [4] is defied as a single carrier requirement, while the generic MSR mask for Band Category 1 is a multi-carrier/multi-RAT requirement. This makes the generic mask proposal for the scenarios above more stringent than the current requirements for both UTRA and E-UTRA. Since the proposed mask is in general more stringent than the existing ones, it should not pose any increase in interference but rather a reduction. This also excludes the need for additional co-existence studies.

There is some additional motivation for taking the UTRA mask as a generic MSR mask for Band Category 1:

-
In Europe, CEPT/ECC has developed technology neutral block edge mask limits for the first WAPECS band (Band 7). The limits chosen are to a large extent based on the UTRA mask [2]. 

-
The FCC limits that are reflected as additional requirements for E-UTRA are more stringent than the current E-UTRA mask for some BWs, while the UTRA mask was derived directly with consideration for the FCC limits. Consequently the generic MSR mask based on UTRA will align better with FCC requirements.

-
The UMTS mask results in higher ACLR values than the limits specified for both UTRA and E-UTRA. ACLR requirements will thus become redundant in the MSR context. If needed, implicit ACLR values could still be derived and documented as informative limits, to give guidance and facilitate future co-existence investigations.
It will still be necessary to specify the requirements from FCC Title 47 [7] as additional requirements, in the same way as is done for UTRA and E-UTRA. The limits needed for different channel bandwidth (including 5 MHz as for UTRA) are derived in TR 36.804 [9] and listed in TR 36.104 [4] in subclause 6.6.3.3.  A generic requirement will have to be based on the strictest value across all possible channel bandwidths, which is the limit for the highest channel bandwidth (20 MHz).
The requirement for Band Category 1 below is outlined based on the structure in TS 36.104 [4], but with the generic requirement independent on channel bandwidth.
6.6.1.3.3
Minimum requirement (Band Category 1)
The Operating band unwanted emission limits are defined from 10 MHz below the lowest frequency of the downlink operating band up to 10 MHz above the highest frequency of the downlink operating band. 

The requirements shall apply whatever the type of transmitter considered (single carrier or multi-carrier) and for all transmission modes foreseen by the manufacturer's specification. 

The unwanted emission limits in the part of the downlink operating band that falls in the spurious domain are consistent with ITU-R Recommendation SM.329 [6]. 

Emissions shall not exceed the maximum levels specified in the tables below, where:

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

-
f_offset is the separation between the RF bandwidth edge frequency and the centre of the measuring filter.

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

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

Since the limits are to a large part based on regulatory requirements taken, the test tolerance shall be zero when deriving the test requirement for out-of-band unwanted emissions.

The requirements of either subclause 6.6.1.2.1 (Category A limits) or subclause 6.6.1.2.2 (Category B limits) shall apply. The application of either Category A or Category B limits shall be the same as for Transmitter spurious emissions (Mandatory Requirements) in subclause 6.6.2.
Table 6.6.1.2-1: General Band Category 1 (bands <1GHz) operating band unwanted emission limits for Category A spurious emissions
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth (Note 2)

	0 MHz ( (f < 0.2 MHz
	0.015MHz ( f_offset < 0.215MHz 
	-14 dBm
	30 kHz 

	0.2 MHz ( (f < 1 MHz
	0.215MHz ( f_offset < 1.015MHz
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	30 kHz 

	(Note 1)
	1.015MHz ( f_offset < 1.5 MHz 
	-26 dBm
	30 kHz 

	1 MHz ( (f ( (fmax
	1.5 MHz ( f_offset < f_offsetmax 
	-13 dBm
	1 MHz 


Table 6.6.1.2-2: General Band Category 1 (bands >1GHz) operating band unwanted emission limits for Category A spurious emissions
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth (Note 2)

	0 MHz ( (f < 0.2 MHz
	0.015MHz ( f_offset < 0.215MHz 
	-14 dBm
	30 kHz 

	0.2 MHz ( (f < 1 MHz
	0.215MHz ( f_offset < 1.015MHz
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	30 kHz 

	(Note 1)
	1.015MHz ( f_offset < 1.5 MHz 
	-26 dBm
	30 kHz 

	1 MHz ( (f ( (fmax
	1.5 MHz ( f_offset < f_offsetmax 
	-13 dBm
	1 MHz 


Table 6.6.1.2-3: General Band Category 1 (bands <1GHz) operating band unwanted emission limits for Category B spurious emissions
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth (Note 2)

	0 MHz ( (f < 0.2 MHz
	0.015MHz ( f_offset < 0.215MHz 
	-14 dBm
	30 kHz 

	0.2 MHz ( (f < 1 MHz
	0.215MHz ( f_offset < 1.015MHz
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	30 kHz 

	(Note 1)
	1.015MHz ( f_offset < 1.5 MHz 
	-26 dBm
	30 kHz 

	1 MHz ( (f ( (fmax
	1.5 MHz ( f_offset < f_offsetmax 
	-13 dBm
	1 MHz 


Table 6.6.1.2-4: General Band Category 1 (bands >1GHz) operating band unwanted emission limits for Category B spurious emissions
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth (Note 2)

	0 MHz ( (f < 0.2 MHz
	0.015MHz ( f_offset < 0.215MHz 
	-14 dBm
	30 kHz 

	0.2 MHz ( (f < 1 MHz
	0.215MHz ( f_offset < 1.015MHz
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	30 kHz 

	(Note 1)
	1.015MHz ( f_offset < 1.5 MHz 
	-26 dBm
	30 kHz 

	1 MHz ( (f ( (fmax
	1.5 MHz ( f_offset < 10.5 MHz
	-13 dBm
	1 MHz 

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


NOTE 1:
This frequency range ensures that the range of values of f_offset is continuous.

NOTE 2:
As a general rule for the requirements in subclause 6.6.1.3, the resolution bandwidth of the measuring equipment should be equal to the measurement bandwidth. However, to improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.

6.6.1.3.4
Additional requirement (band Category 1) based on FCC Title 47 [7]
In certain regions the following requirement may apply in the applicable bands.
Table 6.6.1.3.4-1: Additional operating band unwanted emission limits for bands <1GHz
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth (Note 1)

	0 MHz ( (f < 1 MHz
	0.05 MHz ( f_offset < 0.95 MHz
	-13 dBm
	100 kHz 

	1 MHz ( (f < (fmax 
	1.05 MHz ( f_offset < f_offsetmax 
	-13 dBm
	100 kHz


Table 6.6.1.3.4-2: Additional operating band unwanted emission limits for bands>1GHz
	Frequency offset of measurement filter ‑3dB point, (f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement
	Measurement bandwidth (Note 1)

	0 MHz ( (f < 1 MHz
	0.05 MHz ( f_offset < 0.95 MHz
	-16 dBm
	100 kHz 

	1 MHz ( (f < (fmax 
	1.5 MHz ( f_offset < f_offsetmax 
	-13 dBm
	1 MHz
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