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Overview of considerations for the relaxation of the spurious emissions measurement

1  Introduction

In [1] it was mentioned that some of the radio requirements in GSM could be relaxed without system impact while allowing the feasibility of multicarrier transceivers. One of these requirements is the measurement of the spurious emissions coming from the transmitter which has to be done using the peak-hold detector. In [1] it was also shown that there is an inconsistency between the requirement of the spurious emissions and the requirement of the wideband noise at higher BTS power classes (power classes which are commonly used in macro cells). Additionally, in [2] it was derived that there is also an inconsistency between the specification of the spurious emissions and that of the switching transients, again in case of higher BTS power classes. During the investigations, it was also found that already in 1994, a paper from Nortel Matra Cellular [3] gave evidence why the usage of the average detector in the spurious emissions measurement would be more reasonable.

This paper aims on one side to summarize the recent arguments for the relaxation of the spurious emissions measurement by using the average detector. On the other side, new considerations are described focusing on the coexistence with UMTS in the GSM bands. In the light of this coexistence, the aspects concerning possible impacts in neighboring frequency bands are regarded.

2  Summary of the recent arguments for the relaxation

2.1 Inconsistency between spurious emissions and wideband noise requirements for higher BTS power classes

In [1] section 3, an inconsistency between the requirements for the spurious emissions and the requirement for the spectrum due to wideband noise was described. This inconsistency occurs at higher BTS power classes. Therefore, two cases with different output power values were compared.

In the first case, a transmitter was taken into account operating at a rather low average output power of 36 dBm. Using the conversion factors described in [1] and assuming that the transmitter operates according to its wideband noise specification, it was shown that the peak hold value of the noise level would be at -42 dBm. It was then stated that this transmitter also fulfils the requirement "spurious emissions" which is specified to a maximum of -36 dBm measured in a bandwidth of 100 kHz with peak-hold detector.

In the second case, a transmitter was taken into account operating at an average output power of 42 dBm (which is not even the highest possible power class!). With the similar calculations as done for the first case, the peak-hold value of the noise power would be at -36 dBm. It was stated that a transmitter of this power class would start having problems to fulfil the requirement for the spurious emissions although keeping the wideband noise requirement. Transmitters with power classes higher than 42 dBm would in general violate the spurious emission requirement although fulfilling the wideband noise requirement.

2.2 Inconsistency between spurious emissions and switching transients requirements for higher BTS power classes
In [2] it was furthermore shown that there is also an inconsistency between the requirements for the spurious emissions and the specification of the switching transients at higher BTS power classes. This was again demonstrated by comparing two cases with different power classes.

In the first case, a transmitter was assumed operating at a rather low output power of 36 dBm. Assuming that the transmitter operates according to the switching transients requirement, a power level of these switching transients of -38 dBm could be derived. Since the requirement for the spurious emissions assume the same bandwidth and detector, it could be shown directly that the specification of the spurious emissions is also fulfilled.

In a second case, a transmitter was taken into account operating at a higher output power of 42 dBm. Applying the same type of calculations as for the first case, a power level of the switching transients of –32 dBm could be derived. Thus in this case the spurious emissions requirement is violated although the specification of the switching transients is still fulfilled.

These calculations have been done assuming the specifications of GSM 900. The inconsistency is even higher in the case of DCS 1800, PCS 1900 and MXM 1900. At an offset of 1.8 MHz from the carrier, the limit for the switching transients is 8 dB higher as mentioned above while the measurement procedure and the limit of the spurious emissions are the same.

All in all, this means that there is not only an inconsistency between the requirements for the spurious emissions and for the wideband noise at higher BTS power classes, but there is also an inconsistency between the requirements for the spurious emissions and for the switching transients at higher BTS power classes.

2.3 Aspects mentioned in a paper from Nortel Matra Cellular

Already in 1994, a paper from Nortel Matra Cellular [3] described why it would be reasonable to use the average instead of the peak-hold detector. Several disadvantages of the current measurement procedure are mentioned, among them are the following:

· In the current method, “the number of scans that should be included” in the maximization process” is not specified.

· “Would the noise …prove Gaussian in some frequency band then the corresponding measured values would increase indefinitely”.

· The “accuracy is not improving with the number of scans”.

Furthermore, an explanation for the usage of the peak-hold detector is given: "It is useful to remind that this maxhold mode has been introduced early in the design phase of the Recs before the appearance of a dedicated switching transient transmit test, the initial aim being to cover both aspects in one shot. It was then quickly realized that a dedicated test should be devised for the burst firing transitions, but the maxhold provision was never removed afterwards."

With regard to this quote, it should be noted that there is no intention to relax the requirement of the switching transients. The measurement procedure and the specified values shall be kept as they are (i.e. using peak-hold measurement). This is due to the fact that the switching transients are generated by the ramping of the bursts. However, there is no necessity to change this ramping in a multicarrier approach.

Taking into account all arguments mentioned so far, it was proposed to GERAN to relax the spurious emissions requirement by changing from peak-hold to average detector while keeping the specified value of –36 dBm.

3  New aspects regarding coexistence with UMTS

While the arguments given in 2.3 apply independently from the frequency band, the inconsistencies mentioned in 2.1 and 2.2. rely on the situation within the transmit band. The aim of this section is to regard the situation in more detail outside the transmit band, especially in the light of coexistence with UMTS.

First of all, it can be noted that TS 45.005 section 4.3 (spurious emissions) contains a subsection (4.3.1, principle of the specification) with two tables. One of them specifies frequency offsets and measurement bandwidths for the relevant transmit band, the other one for frequency bands outside the relevant transmit band. The text above these tables says that a peak-hold measurement is assumed. If this sentence was changed in the way that an average measurement has to be applied, it will affect both the specifications within and outside the relevant transmit band. This is reasonable taking into account the arguments given in [3] and mentioned in 2.3. In addition, for higher frequency offsets from the carriers, it can be stated that the duplex filter of the BTS features a high attenuation making the spurious emissions coming from the GSM transmitter totally negligible. However, such duplex filters show only small attenuation values close to the transmit band. That means that an impact due to the relaxation within a very small frequency band at the edges of the GSM transmit band cannot be excluded.

This possible impact shall now be regarded in the light of the upcoming coexistence with UMTS. Taking a look to TS 25.104 we see that the UMTS usage is already foreseen for the recent GSM bands (e.g. the P- and E-GSM band is the UMTS band VIII, the DCS 1800 band is the UMTS band III). Let’s now examine the way the spurious emissions are specified in UMTS. Section 6.6.3 (spurious emissions) says that “unless otherwise stated, all requirements are measured as mean power (RMS)”. 6.6.3.1.2 shows the limits given for the spurious emissions, Category B. As an example, for UMTS operating in band VIII and generating spurious emissions between 970 MHz and 1 GHz, the requirement is -36 dBm (measured in 100 kHz). Compared to that, GSM transmitters operating in GSM 900 have to fulfill at 970 MHz a value of -36 dBm but measured in 300 kHz (i.e. same limit but measured in a larger bandwidth and with a peak detector, leading to a smaller spectral density). That means, even if the average detector was used for GSM, the GSM BTS would have to fulfill higher requirements than a UMTS BTS operating in the same band.
In order to evaluate if this is a suited argument to further justify a change in the spurious emissions measurement in GSM, let’s investigate the different kinds of spectral components generated in UMTS and GSM:

· One type of unwanted emissions is the wideband noise occurring in both GSM and UMTS transmitters. Since this noise comes from the limited resolution of the DA converter and also from the amplifiers (i.e. not depending on the modulation type), there is no reason why the noise in GSM should be measured in another way than in UMTS. Furthermore, the average detector would be clearly better suited, due to the reasons mentioned before (higher accuracy etc.).

· Another type of unwanted components occurring in both systems are harmonics of the frequencies used to drive the mixers or modulators. These harmonics usually do not change their frequency and can be seen as “peaks” in the spectrum. But obviously, when coexistence scenarios were investigated for the introduction of UMTS within the GSM bands, such peaks were not regarded as an obstacle from using the average detector.

· A difference between GSM and UMTS can be seen with regard to the intermodulation products: UMTS uses carriers at fixed frequencies. Therefore, the resulting intermodulation products do not change the frequency and can be seen as a “floor” decreasing with higher offset from the carrier. On the other side, the GSM carriers have smaller bandwidth and are usually intended for frequency hopping. Consequently, the resulting intermodulation products are more narrowband than those of UMTS and their frequency is changing over the time. On one side, this distributes an impact of the intermodulation products over the time and the frequency. On the other side, looking at TS 51.021, section 6.6, it can be seen that for the measurement of the spurious emissions outside the transmit band, slow frequency hopping (SFH) has to be enabled. In this case, the average detector could lead to a “smoothing” of the hopping intermodulation products over the time and the frequency band, thus leading to an unacceptable level of short-time intermodulation “peaks” at certain frequencies outside the transmit band. A possible solution to avoid such effects can also be derived from TS 51.021: In case of a GSM 900 BTS, the spurious emissions are measured without frequency hopping in the DCS 1800 band. In case of a DCS 1800 BTS, the spurious emissions have to be measured without frequency hopping in the P- and E-GSM band. This list of frequency bands in which the SFH has to be disabled could be extended to sensitive frequency bands like the ARNS band located above P-GSM. With this measure, it could be ensured that the short-time intermodulation products on a certain frequency would never exceed the level of the UMTS intermodulation products (which are present all the time!).
4  Conclusions

Taking into account all arguments and aspects mentioned in this paper, we come to the following conclusions:

· It is proposed to change from peak-hold to average detector in the measurements of the GSM spurious emissions.

· An unacceptable impact on sensitive frequency bands due to frequency hopping can be avoided if the spurious emissions are measured without SFH in these bands.

· When introducing the new multicarrier BTS class, it will be stated that these changes are restricted to areas where possible regulatory issues are solved and the usage of this BTS class is allowed by the respective regulatory bodies.

· In principle, the proposed changes should be acceptable in all countries where the usage of UMTS in the recent GSM bands is allowed. This is due to the fact that the level of spurious emissions is (as explained above) in no case higher than that of UMTS.
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