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Discussion of requirement issues related to improvement of specification consistency 
1 Introduction

During the work to implement the needed changes for multi-carrier BTS class in 3GPP specification TS 45.005 [1], it has been noted that there are a number of requirements defined in different subclauses specifying different aspects of interrelated characteristics. Thus it is essential to carefully consider any interdependence between the requirements as otherwise one inconsistency may be exchanged by another one. One such example is the relation between spurious emission and Intra-BSS Intermodulation attenuation (IBSS), which partly are in practice measured during the same test as the test conditions are the same, see 3GPP TS 51.021 [2]. Another issues related to this is wideband noise requirements.
2 Spurious emissions and IBSS
2.1 Review of existing requirements 
In subclause 4.3 of TS 45.005 [1] requirements for spurious emissions within as well as outside relevant transmit band are specified. For the sake of discussion the following extracts highlights some of the essentials:

Spurious emissions in clause 4.3: 
· In this subclause, the spurious transmissions (whether modulated or unmodulated) and the switching transients are specified together by measuring the peak power in a given bandwidth at various frequencies. The bandwidth is increased as the frequency offset between the measurement frequency and, either the carrier, or the edge of the MS or BTS transmit band, increases. The effect for spurious signals of widening the measurement bandwidth is to reduce the allowed total spurious energy per MHz. The effect for switching transients is to effectively reduce the allowed level of the switching transients (the peak level of a switching transient increases by 6 dB for each doubling of the measurement bandwidth). The conditions are specified in the following table, a peak‑hold measurement being assumed.

· The measurement conditions for radiated and conducted spurious are specified separately in 3GPP TS 51.010 and 3GPP TS 51.02x series.

· The power measured within the relevant transmit band shall be no more than ‑36 dBm for measurement bandwidth according to table a
	Band
	Frequency offset
	Measurement bandwidth

	
	(offset from carrier)
	

	relevant transmit
	( 1,8 MHz
	30 kHz

	band
	( 6 MHz
	100 kHz


Table a
· The power measured outside relevant transmit band shall be no more than:

· -36 dBm in the frequency band 9 kHz to 1 GHz; and

· ‑30 dBm in the frequency band 1 GHz to 12.75 GHz,
using the measurement bandwidth according to the table b:
	Band
	Frequency offset
	Measurement bandwidth

	100 kHz to 50 MHz
	‑
	10 kHz

	50 MHz to 500 MHz outside the

relevant transmit band
	(offset from edge of the

relevant transmit band)
	

	
	( 2 MHz
	30 kHz

	
	( 5 MHz
	100 kHz

	above 500 MHz outside the
	(offset from edge of the
	

	relevant transmit band
	relevant transmit band)
	

	
	( 2 MHz
	30 kHz

	
	( 5 MHz
	100 kHz

	
	( 10 MHz
	300 kHz

	
	( 20 MHz
	1 MHz

	
	( 30 MHz
	3 MHz


Table b

IBSS in 4.7.2
· In a BTS intermodulation may be caused by combining several RF channels or amplification of multiple carriers to feed a single antenna, or when operating them in the close vicinity of each other. The BTS shall be configured with each transmitter operating at the maximum allowed power, with a full complement of transceivers and with modulation applied. For the measurement in the transmit band the equipment shall be operated at equal and minimum carrier frequency spacing specified for the BSS configuration under test. For the measurement in the receive band the equipment shall be operated with such a channel configuration that at least 3rd order intermodulation products fall into the receive band.

· For GSM 400, GSM 900, DCS 1800 All the following requirements relate to frequency offsets from the uppermost and lowermost carriers. The peak hold value of intermodulation components over a timeslot, shall not exceed ‑70 dBc or ‑36 dBm, whichever is the higher, for frequency offsets between 6 MHz and the edge of the relevant Tx band measured in a 300 kHz bandwidth. 1 in 100 timeslots may fail this test by up to a level of 10 dB. For offsets between 600 kHz to 6 MHz the requirements and the measurement technique is that specified in subclause 4.2.1.

· The other requirements of subclause 4.3.2 in the band 9 kHz to 12,75 GHz shall still be met.

In TS 51.021 subclause 6.6.2.2, the test for emissions outside the transmission band is specified. In this discussion, test cases a) and e) are of interest as they include tests of emissions close to and outside the GSM transmit band:

a)
The BSS shall be configured with all transmitters active at their maximum output power on all time slots. If a TRX is designated as being a dedicated BCCH, it shall be allocated to RF channel M. All remaining TRXs shall be allocated in the following order; first to RF channel B, then to T, then distributed as evenly as possible throughout the BSS operating transmit band. Slow frequency hopping shall be disabled.

e)
The BSS shall be configured as in step a) except that each TRX which is not a dedicated BCCH shall transmit on full power on alternate time slots. The active timeslots should be the same for all TRXs. Either odd or even timeslots may be tested. If slow frequency hopping is supported, each TRX which is not a dedicated BCCH shall hop over the full range of frequencies defined in step a).


The detecting device shall be configured as defined in table 9a. Peak hold shall be enabled, and the video bandwidth shall be approximately three times the resolution bandwidth. If this video bandwidth is not available on the detecting device, it shall be the maximum available, and at least 1 MHz.


The power shall be measured over those parts of the frequency range 100 kHz to 12.75 GHz which are outside the BTS relevant transmit band.

where table 9a is a copy of measurement conditions above. The test purpose is defined as:

This test measures spurious emissions from the BSS transmitter antenna connector outside the BSS relevant transmit band, while the transmitters are in operation. It also tests the intra‑BTS intermodulation requirements for GSM 400, GSM 850, GSM 900, DCS 1800 and PCS 1900 outside the BTS transmit and receive bands.

Thus in this test all possible carriers are transmitting at maximum power, thus generating maximum unwanted emission including noise, discrete spurious components as well as  intermodulation products outside the transmit band. Test of IBSS within the relevant transmit band is defined in 6.8 of 51.021 and is performed differently.
It can be noted that for some channel combinations the IM products may fall close to 2 MHz outside the relevant transmit band. Comparing the requirements for Spurious Emissions and IBSS inband in 45.005, it is found that spurious emission requirements specifies an absolute emission limit while IBSS is relative to carrier power. Using -70 dBc IM modulation and assuming a correction factor of 5 dB, due to conversion from 100 kHz to 30 kHz measurement bandwidth, the output power need to be restricted to +39 dBm (=70-36+5) unless some additional filtering close to the band-edge could be applied. As shown in [3] during the discussion about relaxing blocking requirement, practical RF filters show little attenuation that close to the pass band. For high power BTS the spurious emission requirements set the limit for IBSS.
2.2 ITU-recommendations and other 3GPP standards

In UTRAN and eUTRAN the spurious emissions requirements are based on ITU recommendation [5]. In this case two categories of requirements are defined; Category A:  43 + 10 log P, or 70 dBc, whichever is less stringent but never more than -13 dBm in 100 kHz; Category B defines more stringent requirements for protection of other services from land-mobile service and is used in some countries, e.g. in Europe:
 
–36 dBm for f < 1 GHz (measured in 100 kHz) and –30 dBm for 1 ≤ f < 12,75 GHz. 
In addition the requirements are relaxed in the frequency band closest to the relevant transmit band, by starting the spurious emission at some frequency offset outside the transmit band. Further relaxation may be applied by reducing the measurement bandwidth in the spurious emission requirements for the smallest frequency offsets. This has been interpreted by countries applying Category B requirements for base stations and implemented in 3GPP specifications:

· GSM:
Use measurement bandwidths according to table b 

· UTRAN:
The following table applies to equipment operating below 1 GHz
	30 MHz ( Flow - 10 MHz
	-36 dBm
	100 kHz

	Flow - 10 MHz ( Fhigh + 10 MHz
	-16 dBm
	100 kHz

	Fhigh + 10 MHz ( 1 GHz
	-36 dBm
	100 kHz

	1 GHz ( Flow - 10 MHz 
	-30 dBm
	1 MHz


And the following table for equipment operating above 1 GHz

	30 MHz ( 1 GHz
	-36 dBm
	100 kHz

	1 GHz ( Flow - 10 MHz 
	-30 dBm
	1 MHz

	Flow - 10 MHz ( Fhigh + 10 MHz
	-15 dBm
	1 MHz

	Fhigh + 10 MHz ( 12.75 GHz
	-30 dBm
	1 MHz


i.e. for frequency offsets less than 10 MHz the spurious emission requirements are relaxed to be compatible with the inband requirements, to give the possibility for reasonable filtering for larger offsets.
2.3  Impact on relaxed IBSS for Multi-carrier BTS

Relaxation of IBSS requirements is proposed to use average measurement method instead of peak hold for both IBSS and Spurious Emission tests. However, the conclusion in section 2.1 about the limitation of output power due to the spurious emission requirements just outside the relevant transmit band is still valid. If we consider relaxation of IBSS inband to align with UTRAN requirements as proposed in [4] this discrepancy will be even more evident.
One may consider aligning with the existing Category B requirements for UTRAN in regions applying this category or revise these requirements to minimize the impact on other services.

The two alternative approaches can be expressed in modified requirements for MC-BTS:

1. Aligning with UTRAN
	Band
	Frequency offset
	Requirement
	Measurement bandwidth

	100 kHz to 50 MHz
	‑
	-36dBm
	10 kHz

	50 MHz to 500 MHz outside the

relevant transmit band
	(offset from edge of the

relevant transmit band)
	
	

	
	( 2 MHz
	-36 dBm
	30 kHz

	
	( 5 MHz
	-36 dBm
	100 kHz

	above 500 MHz outside the
	(offset from edge of the
	
	

	relevant transmit band
	relevant transmit band)
	
	

	
	( 2 MHz
	-16/-15 dBm
	100 kHz

	
	( 5 MHz
	-16/-15 dBm
	100 kHz

	
	( 10 MHz
	-36/-30 dBm
	300 kHz

	
	( 20 MHz
	-36/-30 dBm
	1 MHz

	
	( 30 MHz
	-36/-30 dBm
	3 MHz


2. Modify the table b to less extent

	Band
	Frequency offset
	Requirement
	Measurement bandwidth

	100 kHz to 50 MHz
	‑
	-36 dBm
	10 kHz

	50 MHz to 500 MHz outside the

relevant transmit band
	(offset from edge of the

relevant transmit band)
	
	

	
	( 2 MHz
	-36 dBm
	30 kHz

	
	( 5 MHz
	-36 dBm
	100 kHz

	above 500 MHz outside the
	(offset from edge of the
	
	

	relevant transmit band
	relevant transmit band)
	
	

	
	( 2 MHz
	-36/-30 dBm
	30 kHz

	
	( 5 MHz
	-36/-30 dBm
	30 kHz

	
	( 10 MHz
	-36/-30 dBm
	300 kHz

	
	( 20 MHz
	-36/-30 dBm
	1 MHz

	
	( 30 MHz
	-36/-30 dBm
	3 MHz


Where -16 dBm and -36 dBm applies for equipment operating below 1 GHz and -15 dBm and -30 dBm above 1 GHz. 
In addition, when defining requirements for Multi-carrier BTS it is important to define the conditions of the number of carrier in operation when complying with the spurious emission requirements, as the available power can be distributed on one or several carriers.  

2.4 Proposal for 45.005

Alternative 2 is proposed in CR to 45.005 [6] for spurious emissions. In addition 51.021 need to define how to choose number of active carriers and corresponding output power.

3 Wideband noise
In simulations provided [7] it has been shown that, assuming that the cumulative IM products relaxed to -70 dBc can be modelled as an increased noise level from base stations, has minimum impact on system performance even if IM products generated in the mobiles are neglected. This indicates that for a single carrier the wideband noise from base stations far away from the carrier can be relaxed. As in the case of multicarrier receiver, the components available in the near future for multicarrier transmitters are only capable of -80 dB dynamic range.
Thus it is proposed in [6] to relax the wideband noise requirements for frequency offsets larger than 6 MHz to -75 dBc (measured in 100 kHz) compared to carrier measured in 30 kHz.
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