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	Summary: 


	This contribution provides background information and rationale on how ETSI TFES and 3GPP have interpreted the spurious emission limits in ECC recommendation 74(01), what the proposed changes are and the related implementation and cost aspects.

	Proposal: 


	· To be discussed during the SE21 meeting in connection with the LS from ETSI (through ERM-RM) [6] and the LS from ECC PT1 [11].

	Background:

ETSI TFES is presently working on the 3rd release of harmonised standards for IMT-2000, including UTRA (“WCDMA”). TFES has reported in an LS [6] about how spurious emission limits (Category B) are included in present UTRA specifications and what the implications are for UTRA and the Evolution of UTRA. A change to the limits is proposed.
In another LS from ECC PT1 [11], PT1 concludes that the proposed change is an intra-service issue that does not affect compatibility with services in other bands. ECC WG SE responded [12] that WGSE PT 21 will look in-depth at the matter and is authorized to liaise directly with ECC PT1 in order to respond before the September PT1 meeting. 

	


Introduction

This contribution brings further background information to the issue of category B spurious emission limits presented in the LS from ETSI  TFES [6] and ECC PT1 [11]. It includes
· An overview of unwanted emission limits for UTRA:

· Out-of-band emissions: ACLR and spectrum emission mask limits

· Spurious emissions: Category B limits, Limits for co-existence with services in adjacent frequency bands and Limits for co-existence with other systems in the same geographical area
· Reference to how the limits are used in compatibility studies

· Implementation overview and related cost impact for high-power base stations and its relation to spurious emissions

· Detailed explanation of the proposed change to spurious emission limits

This additional information should aid an in-depth discussion of the change to UTRA spurious emission limits proposed in [6].
Background for existing 3GPP unwanted emission limits
The unwanted emission limits in the 3GPP specifications [4] were developed during 1999 in close co-operation between 3GPP RAN4 and ERC TG1 (corresponds to the present ECC PT1 group). The limits developed were concurrently used in the compatibility studies that formed the basis for the 3G licensing process in Europe [8]. They were also later adopted by ETSI TFES in the European harmonised standard for IMT-2000 base stations [7].
The unwanted emission limits adopted by 3GPP for UTRA [4] and applicable in Europe [7] consist of several parts, defined both in the Out-of-band (OOB) and spurious domains:

· Adjacent Channel Leakage Ratio (ACLR)
· Spectrum emission mask
· Category B spurious emissions
· Co-existence with services in adjacent frequency bands
· Co-existence with other systems in the same geographical area
These unwanted emission limits are outlined in the sections below.

OOB emissions: Adjacent Channel Leakage Ratio (ACLR)
ACLR defines the emissions relative to the carrier power on the first and second adjacent channel. The ACLR limits for UTRA are used for all co-existence studies between services inside the operating band, examples of such studies can be found in [9] and [10]. The ACLR limits are set to allow co-existence with other UTRA systems and also with GSM and cdma2000 in bands where those services may exist.
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Figure 1 ACLR limits are defined for the two first adjacent carriers and are measured with the same BW as the carrier.
OOB emissions: Spectrum emission mask
The spectrum emission mask is for the base station an even tighter limit than ACLR in the adjacent channels. It is defined not only for the Out-of band domain (+/-12.5 MHz), but actually stretches into the spurious band domain, across the whole operating band to the band edges. In this way, the spectrum mask floor defines a universal unwanted emission limit inside the operating band. The spectrum emission mask was used extensively in the ERC compatibility studies for IMT-2000 [8].

[image: image3.emf] 

-12.5 MHz +12.5 MHz

Limit 

[dBm/MHz]

-30

-25

-15

2100  2110

2170  2180

Frequency

[MHz]

Carrier

Operating band


Figure 2 The UTRA spectrum emission mask. Note that it is defined beyond the OOB domain, all the way to the band edges.
Spurious emissions: Category B
The current spurious emission requirements applicable for UTRA base stations in Europe are based on ERC/REC 74-01 [3], also called Category B requirements in ITU-R Rec. SM.329 [2]. These requirements as applied to UTRA are illustrated in Figure 3 for two example carrier positions in operating Band I, which has a downlink band of 2110-2170 MHz. Figure 4 shows examples with two 5 MHz carriers in the band. See also Annex A for more details.
The category B requirements allow for a reduced measurement bandwidth close to the carrier. This is described for land mobile services in Annex 2 of ERC/REC 74-01 [3]. The reduced measurement bandwidth is in 3GPP interpreted as an increase of the spurious emission limit for the base station in TS 25.104 Category B requirements. 
The 3GPP interpretation has however been stricter than the ITU-R recommendations when applied to UTRA, since the increased spurious emission limit is only applied in the downlink part of the UMTS operating band plus an additional 10 MHz on each side of the band as shown in Figure 3 for two example carrier positions. In this band, the Category B requirements allow an increased limit up to +/ 60 MHz from the carrier. In 3GPP BS specifications however, the spurious emissions limit outside of 2100-2180 MHz is always set to the stricter level of -30 dBm, regardless of the position of the carrier in the band.
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Figure 3 UTRA Category B spurious emission limits for a single 5 MHz carrier in two example carrier positions. The dotted red line shows the limits as in ERC 74-01 [3].
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Figure 4 UTRA Category B spurious emission limits for two 5 MHz carriers in two example carrier positions.  The dotted red line shows the limits as in ERC 74-01 [3].
Spurious emissions: Co-existence with services in adjacent frequency bands

During the liaison activity in 1999 between 3GPP and ERC TG1, an additional limit was added to protect the services in the bands adjacent to the BS transmit band, giving extra protection in the bands 2100-2105 MHz and 2175-2180 MHz. These limits are stricter than the corresponding Category B limits as shown in Figure 5.
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Figure 5 Additional spurious emission limits for Band I, in 2100-2105 MHz and 2175-2180 MHz. It applies in addition to the Category B limit (grey).
Spurious emissions: Co-existence with other systems in the same geographical area 
The UTRA spurious emission requirements in [4] and [7] also include specific stricter limits to protect mobile services in other bands that may potentially be used in the same geographical area, such as GSM900, DCS1800, UTRA TDD and/or UTRA FDD.
Implications for Evolved UTRA (Long Term Evolution in 3GPP)

For the evolution of UTRA to E-UTRA, the requirements in TR 25.913 [1] state that “E-UTRA shall operate in spectrum allocations of different sizes, including 1.25 MHz, 2.5 MHz, 5 MHz, 10 MHz, 15 MHz and 20 MHz in both the uplink and downlink.” Operation with bandwidths other than 5 MHz will have major implications for the category B limits.

The +/-50 MHz and +/-60 MHz transition points for the Category B limits are derived as 10 and 12 times the necessary bandwidth respectively for bands above 1 GHz [2,3]. With a necessary bandwidth varying from 1.25 to 20 MHz for E-UTRA, the transition points between limits will vary accordingly from 12.5 to 200 MHz and 15 to 240 MHz respectively. For the bandwidth options 10, 15 and 20 MHz, the transition points would now always fall outside the operating band as shown in Figure 6. It is not obvious how the widening of the OOB domain should affect the spurious emission limits immediately outside the band edge.
The limits for the 10 MHz carrier in Figure 6 should be compared with the limits for 2x5 MHz in Figure 4. The base station is in both cases transmitting a wideband 10 MHz signal, but the Category B limits turn out to be very different.
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Figure 6 The situation for one 10 MHz E-UTRA carrier in two example carrier positions. The dotted red line shows the limits as in ERC 74-01 [3].
A base station can also transmit a mix of different carrier bandwidths, e.g. 2x5 + 10 MHz or any other combination of the possible bandwidths. It then becomes more unclear how the limits should apply. Will it be the largest carrier bandwidth transmitted that determines the transition points for the Category B limits?

Implementation considerations for a high power base station

To assess the implementation impact of the spurious emission limits, we need to look at the RF design of high power 3G base stations. Figure 7 shows a simplified view from baseband to RF of a base station that transmits multiple carriers. The digital baseband signals (I/Q) for each carrier are converted from digital to analogue signals, then up-converted to the RF frequency of each carrier, amplified, filtered and summed to a multicarrier RF signal. This composite signal has typically a total bandwidth of ~20 MHz. The order of the functions may vary between different implementations and the up-conversion, filtering and amplification may be done in single or multiple steps.
The composite multi-carrier signal is finally amplified in a Multi-Carrier Power Amplifier (MCPA) to a desired high power RF signal. In a final bandpass filter or a duplexer, any unwanted emissions outside the operating band of the base station are suppressed.

Unwanted emissions are generated by the D/A-converter and by the amplifiers. Because of the wideband nature of the signal(s), both Out-of band (OOB) and spurious emissions are generally wideband. The main source of unwanted emissions is the final MCPA step. The composite signal consists of multiple carriers, each carrier consisting of multiple spreading codes, each code possibly modulated with higher order modulation. This gives a high Peak-to-average power ratio, resulting in very high linearity requirements for the MCPA. In order to keep the wideband emissions low, power back-off and linearization techniques are essential.
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Figure 7 Example implementation from baseband to RF for a Base Station with multiple carriers
Because of the high power level in combination with the high linearity requirements, the MCPA becomes the limiting component when designing to meet the spurious emissions requirements inside the base station operating band. The contribution from amplifiers and filtering in the low power part of the RF chain is less significant, since it is easier to keep wideband emissions low due to the lower power levels.
Emissions outside the base station operating band are limited by a band pass filter or a duplexer. All base stations are designed with a capability to operate in the full band, independent of the band used by the operator. Designing base stations with operator specific band pass filters is not cost efficient. It is also not an option to have individual high power PAs and band pass filters for each carrier, since the hybrid combiners needed to create the multi-carrier signals would cause a very large power loss.

The result is that wideband emissions inside the operating band are not determined by the carrier bandwidth, but rather by the total bandwidth of all RF carriers transmitted by the base station. Also, these emissions cannot easily be controlled by further filtering. Emissions outside the operating band can be more easily filtered and limits here are already set very tight for co-existence reasons.
In the end, the only way to further reduce the wideband emissions inside the operating band is further linearization of the MCPA. But considerably tighter limits also mean lower power efficiency. Since the MCPA comprises a big part of the BS power consumption, this would lead to both larger and more costly base stations and a waste of power. Such a development is not in line with the aim of developing “green base stations” with a better environmental profile.
The conclusion is that very tight spurious emission limits inside the operating band that vary with the bandwidth of the carrier and the position of the carrier within the band will give a very high impact on the complexity and cost for the base station. When the UTRA standard was developed, there was industry consensus around the -15 dBm limit (resulting from the reduced 30 kHz measurement bandwidth) as a very reasonable limit. Since the spurious emissions fundamentally only depend on the MCPA and the RF filtering, it would make sense to have this as a homogenous limit across the band. To facilitate multi-carrier configurations and any foreseeable bandwidth combination, the limit should not depend on those factors either. A homogenous limit would thus be both implementation and technology neutral.

Proposed new spurious emission limit inside the operating band

Because of the implications for a variable bandwidth system like E-UTRA and the implementation considerations detailed above, a modified set of spurious emission limits is proposed. The limits are based on ERC/REC 74-01 [3] (Category B in ITU-R Rec. SM.329 [2]) with the following difference compared to the present limits:

1) The -15 dBm limit (corresponding to the reduced measurement BW of 30 kHz in [3]) is applied in the spurious domain over the whole operating band, plus in 10 MHz on each side.

2) The spurious emission limit inside the operating band is independent of both the carrier bandwidth(s) and the number of carriers transmitted.

The proposal is also outlined in Annex B. For the 5 MHz bandwidth in today’s UTRA specification, point 1) above will in most cases not make any difference for the limits, unless the base station transmits one or two isolated carriers at one of the band edges, as shown in Figure 8.
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Figure 8 Proposed new UTRA Category B spurious emission limits for a single 5 MHz carrier in two example carrier positions (blue). The dotted red line shows the limits as in ERC 74-01 [3].

With the proposed point 2) above, limits become homogenous over the operating band independent of carrier bandwidth and number of carriers. This is shown in Figure 9 for a 10 MHz carrier example. Note that limits for a 2x5 MHz configuration will be the same as for the 10 MHz example and that the spurious domain limits in Figure 8 and Figure 9 are also the same.
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Figure 9 Proposed new E-UTRA Category B spurious emission limits (blue) for a single 10 MHz carrier in two example carrier positions. The dotted red line shows the limits as in ERC 74-01 [3]. Note that the proposed spurious emission limits will be the same for a 2x5 MHz configuration.
Conclusions
A modification of the Category B spurious emission limits for UTRA is proposed. For the existing UTRA specifications with 5 MHz carriers, the change is very small and only concerns configurations with one or two carriers at the edge of the operating band. For the evolution to E-UTRA with variable carrier bandwidth from 1.25 to 20 MHz, it will give consistent spurious emission limits that are homogeneous across the operating band and independent of the carrier bandwidth and number of carriers.
This is also consistent with the way high power base stations are implemented, since the wideband spurious emissions do not depend on carrier bandwidth or configuration, but rather on the total transmitted bandwidth. It is also not realistic to attenuate spurious emissions inside the operating band without additional filtering, strict linearization or special combining solutions that lead to higher cost and lower power efficiency. 
Having a homogeneous limit inside the band is also a matter of fairness. The cost impact of a tight emission limit that varies with carrier position will be particularly high for operators that are assigned spectrum at the edge of the band.

The intention of limits on unwanted emissions is efficient use of spectrum by avoiding harmful interference and facilitating compatibility with other services. The cost impact of a tighter limit can be motivated if it provides a substantial improvement in compatibility. With the proposed change, the compatibility between UTRA and other services within the operating band will be unchanged, since it is based on the ACLR and spectrum mask limits described above. Compatibility with services in other bands is also unchanged since it is based on the spectrum mask, the spurious emission limits for adjacent band services and the spurious emission limits for other services in the same geographical area. All these limits remain unchanged and the tighter limits of today can thus not be motivated for efficient use of the spectrum or better compatibility.
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Annex A. Present spurious emission limits (Category B) for operating Band I

The following limits are copied from TS 25.104 v7.4.0 [4] and apply at frequencies within the specified frequency ranges, which are more than 12.5 MHz below the first carrier frequency used or more than 12.5 MHz above the last carrier frequency used.
(Note that in addition to these limits, there are spurious emission limits for co-existence with services in adjacent frequency bands and limits for co-existence with other systems in the same geographical area, plus ACLR and spectrum emission mask limits for Out-of-band emissions.)
6.6.3.1.2
Spurious emissions (Category B)

The following requirements shall be met in cases where Category B limits for spurious emissions, as defined in ITU-R Recommendation SM.329 [1], are applied.

6.6.3.1.2.1
Minimum Requirement

The power of any spurious emission shall not exceed:

Table 6.9: BS Mandatory spurious emissions limits, operating band I, Category B

	Band
	Maximum Level
	Measurement Bandwidth
	Note

	9kHz ( 150kHz
	-36 dBm
	1 kHz 
	Note 1 

	150kHz ( 30MHz
	- 36 dBm
	10 kHz 
	Note 1

	30MHz ( 1GHz
	-36 dBm
	100 kHz
	Note 1

	1GHz 

(
Fc1 - 60 MHz or 2100 MHz
whichever is the higher
	-30 dBm
	1 MHz
	Note 1

	Fc1 ‑ 60 MHz or 2100 MHz
whichever is the higher

(
Fc1 ‑ 50 MHz or 2100 MHz
whichever is the higher
	-25 dBm
	1 MHz
	Note 2

	Fc1 ‑ 50 MHz or 2100 MHz
whichever is the higher

(
Fc2 + 50 MHz or 2180 MHz
whichever is the lower
	-15 dBm
	1 MHz
	Note 2

	Fc2 + 50 MHz or 2180 MHz
whichever is the lower

(
Fc2 + 60 MHz or 2180 MHz
whichever is the lower
	-25 dBm
	1 MHz
	Note 2

	Fc2 + 60 MHz or 2180 MHz
whichever is the lower

( 

12.75 GHz
	-30 dBm
	1 MHz
	Note 3

	NOTE 1:
Bandwidth as in ITU-R SM.329[1], s4.1

NOTE 2:
Specification in accordance with ITU-R SM.329[1], s4.3 and Annex 7

NOTE 3:
Bandwidth as in ITU-R SM.329[1], s4.1. Upper frequency as in ITU-R SM.329[1], s2.5 table 1


Annex B. Proposed new spurious emission limits (Category B) for operating Band I

The following limits are copied from TS 25.104 v7.2.0 [4] and are proposed to still apply at frequencies within the specified frequency ranges, which are more than 12.5 MHz below the first carrier frequency used or more than 12.5 MHz above the last carrier frequency used.
(Note that in addition to these limits, there are spurious emission limits for co-existence with services in adjacent frequency bands and limits for co-existence with other systems in the same geographical area, plus ACLR and spectrum emission mask limits for Out-of-band emissions.)

6.6.3.1.2
Spurious emissions (Category B)

The following requirements shall be met in cases where Category B limits for spurious emissions, as defined in ITU-R Recommendation SM.329 [1], are applied.

6.6.3.1.2.1
Minimum Requirement

The power of any spurious emission shall not exceed:

Table 6.9: BS Mandatory spurious emissions limits, operating band I, Category B

	Band
	Maximum Level
	Measurement Bandwidth
	Note

	9kHz ( 150kHz
	-36 dBm
	1 kHz 
	Note 1 

	150kHz ( 30MHz
	- 36 dBm
	10 kHz 
	Note 1

	30MHz ( 1GHz
	-36 dBm
	100 kHz
	Note 1

	1GHz  

(
2100 MHz
	-30 dBm
	1 MHz
	Note 1

	2100 MHz 

( 

2180 MHz
	-15 dBm
	1 MHz
	Note 2

	2180 MHz 

( 
12.75 GHz
	-30 dBm
	1 MHz
	Note 3

	NOTE 1:
Bandwidth as in ITU-R SM.329[1], s4.1

NOTE 2:
Normalised from a 30 kHz reference bandwidth inside the operating band, based on the limits for close-in frequencies in  ITU-R SM.329[1], s4.3 and Annex 7

NOTE 3:
Bandwidth as in ITU-R SM.329[1], s4.1. Upper frequency as in ITU-R SM.329[1], s2.5 table 1
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