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Rationale for updating some GSM radio requirements in TS 45.005 and TS 51.021

1  Introduction

Multicarrier transceiver architectures applied to GSM BTSs would allow several (possibly hopping) GSM carriers to be processed by a single transmitter and power amplifier in the downlink and by a single wideband receiver in the uplink. This sharing of hardware resources by several carriers would lead to significant cost reductions for the BTS equipments.

Given the recent advances in components technology, these architectures seem more and more feasible, however feasibility is still conditioned by the relaxation of some of the most severe requirements in 3GPP TS 45.005. Those requirements in a first analysis are the ones related to spectrum due to modulation and wideband noise (clause 4.2.1), spurious emission (clause 4.3) and intermodulation (clause 4.7) for the transmitter part and to blocking characteristics (clause 5.1) for the receiver part.

However, the relaxation of those requirements must be considered with great care, as it may have impacts on operational scenarios, mainly in the case of uncoordinated operation of networks between two (or more) operators.

The way the requirements in TS 45.005 were derived in the early days of GSM standardization is still partly reflected in TS 45.050 where the most relevant operational scenarios are identified. It turns out that the values that have been chosen for e.g. such factors as the MCL (Minimum Coupling Loss) or the MIM (Multiple Interferers Margin), have a direct impact on the requirements that have been derived for inclusion in TS 45.005 (05.05 at the time). The exact values for such factors have always been subject to debates. It is generally understood within the GSM community that however tight the requirements may be, there is always theoretically the possibility to meet some very rare cases in the field where a particular subscriber will not be able to get proper service from its GSM operator because of the presence of a very strong interferer coming from a neighbour network operated in an uncoordinated way. The exact values for the requirements will determine the statistical occurrence of these cases.

Alcatel believe that in some cases the existing requirements in TS 45.005 could be relaxed without any noticeable operational impact. This is because some of the requirements are globally inconsistent systemwise, as we will demonstrate in the sequel. Also, more recent studies performed in TSG RAN WG4 in the context of GSM and UMTS coexistence show that the MCL and MIM values chosen in the early days of GSM standardization correspond to worst cases situations and that a detailed statistical analysis leads to much less strict requirements.
This contribution reviews those requirements that are too strict, shows that some of them are inconsistent and proposes to change them in a way that fully takes into account the system constraints whilst allowing novel transceiver architectures, paving the way for further BTS cost reductions for operators.

2  Inconsistency in intermodulation requirements

In this section, it is shown that the BTS transmitter intermodulation requirements are not consistent with the MS receiver intermodulation requirements: the BTS transmitter intermodulation requirements are much too severe compared to the MS receiver intermodulation requirements. The demonstration of this fact relies on the analysis of the scenario depicted in figure 1 below.
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Fig. 1: Scenario 3, considered in the derivation of the BTS transmitter intermodulation requirements.

The scenario is the following: BTS2 transmits at full power on frequencies f2 and f3 to distant MS2 and MS3, respectively. One of the (3rd order) IM products generated in BTS2 (e.g., 2f2 – f3) coincides with frequency f1 used by BTS1 (belonging to another operator) in the downlink to distant MS1. MS1 is very close to BTS2 and the IM product from BTS2 desensitizes MS1.

The problem stems from the fact that MS1 also receives frequencies f2 and f3 at a high level and that 3rd order IM product 2f2 – f3 can also be generated in the receiver stages of MS1. For the sake of the following calculation,  f3-f2 = 6 MHz is assumed.
TS 45.005 section 4.7.2.1 (“Intra BTS intermodulation attenuation”) says that the peak hold value of intermodulation components shall not exceed - 70 dBc (measured in 300 kHz) for frequency offsets between 6 MHz from the carrier and the edge of the TX band. The carrier shall be measured in at least 300 kHz as stated in TS 51.021, section 6.8.2.
Using the conversion factors agreed by SMG2 and archived in TS 45.050 clause 6, this means actually 

- 70 dBc - 17 dB = - 87 dBc

if the intermodulation components are measured in 30 kHz bandwidth with averaging. The correction value of –17 dB is derived in the following way: The correction value for the conversion from maximum peak power in 300 kHz bandwidth to maximum peak power in 30 kHz bandwidth is assumed to be - 8 dB. The correction value for the conversion from maximum peak power in 30 kHz bandwidth to average power in 30 kHz bandwidth is assumed to be – 9 dB at offsets ( 0 from the carrier. For the carrier, a correction value of roughly – 8 dB is assumed for the conversion from 300 kHz bandwidth (average) to 30 kHz bandwidth (average).

Using these correction values for the carrier and the intermodulation components, the power level difference between the carrier and the intermodulation components must be 79 dB if measured in the same bandwidth.

If the BTS operates e.g. at a power level of 39 dBm, the power of the intermodulation components centered on frequency f1 at the BTS output is 

39 dBm – 79 dB = - 40 dBm.

Assume a MCL of 65 dB  with an additional 3 dB body loss, yielding an "effective" MCL of 68 dB. Then, at the close MS input, we will have the following situation:

f2: 39 dBm - 68 dB =  - 29 dBm

f3: 39 dBm - 68 dB =  - 29 dBm

f1 = 2f2- f3: - 40 dBm - 68 dB = - 108 dBm.

However, looking at section 5.3 of TS 45.005, we see that the intermodulation of the (small) MS receiver front end is specified as a reduction of 3 dB MS sensitivity when two inputs at - 49 dBm at frequencies f2 and f3 are applied (the specification assumes (f3-f2) = 800 kHz but here it is assumed that the intermodulation generated by the MS is independent of the frequency spacing (f3-f2)). Assuming for the small MS a noise factor of 12 dB, the noise floor in the MS is rougly - 109 dBm. A desense of 3 dB is obtained if the IM products generated by the MS are at the same level (here and in the sequel, levels for MS IM products are the actual levels divided by the overall gain of the MS receiver chain, i.e. fictitious levels at the MS antenna connector). If the two inputs at f2 and f3 were at - 29 dBm instead of - 49 dBm (as in the calculation above for the signals coming from the close BTS), the IM3 generated by the MS would hence be at 

3 * (-29 - (-49)) - 109 = - 49 dBm.

This calculation takes into account the fact that the IM3 products increase by 3 dB if the input power is increased by 1 dB.
With this example, we see clearly that it makes no sense to have a strong requirement on the BTS IM products, since the MS requirements are much more loose (compare -108 dBm versus -49 dBm). 

However, in TS 45.005, intermodulation in the transmitter at frequency offsets < 6 MHz from the carrier has the same specification as wideband noise (section 4.2.1).The tight requirement on the wideband noise is needed, as can be seen from the calculation below: if it is assumed that the BTS transmits only at f2 (and not at f3, i.e. no intermodulation products of the two carriers occur) then the wideband noise at the MS input at frequency f1 in 200 kHz will still be - 108 dBm. If the requirement at the BTS side was relaxed by e.g. 10 dB, the MS will receive at - 98 dBm, which will desensitize it in a non acceptable way. This means that the IM requirements should be separated from the wideband noise; if we look at what has been done with PCS 1900 (section 4.7.2.3 of TS 45.005), this is indeed the case, since the IM requirements are specified to - 60 dBc (peak hold value in 300 kHz) starting from 1.2 MHz from the carrier.
Taking into account the arguments mentioned above, it is proposed to keep the requirements on the wideband noise unchanged, but relax the IM requirements to a peak hold value of - 60 dBc for frequency offsets ( 1.2 MHz. Below 1.2 MHz the requirements for IM shall still be the same as for the spectrum due to modulation and wideband noise. Relaxing the requirements from -70 dBc peak in 300 kHz to – 60 dBc peak in 300 kHz amounts to a relaxation of 10 dB  for the BTS intermodulation products at frequency offsets greater than 1.2 MHz. Repeating the above calculation with 10 dB more BTS intermodulation products shows that the IM products as received by the MS would be at – 98 dBm, still well below the – 49 dBm of the MS IM products. Hence such a relaxation has no system impact and it has the additional merit of providing an alignment to the requirements already agreed for the US market. 

3  Inconsistency between spurious requirements and wideband noise requirements for the higher BTS power classes

In this section, an inconsistency between the requirement for the spurious emissions and the requirement for the spectrum due to transmitter wideband noise for the higher BTS power classes is described.

The main reason for wideband noise is the limited resolution of the DA-converter as well as the noise floor of the subsequent modulator or mixer stage. In conventional GSM single carrier transmitters, the carrier is either generated on a fixed intermediate frequency or in the baseband before the up-conversion to the wanted radio frequency is done. Thus, the wideband noise can be reduced by a fixed narrowband filter after the intermediate frequency or the baseband stage. In a multicarrier transmitter, the multicarrier synthesis has to be done in the digital domain. In general, wideband noise reduction with filtering is not possible due to the several carriers and due to hopping. However, it seems more and more feasible to fulfill the wideband noise requirement ([1], 4.2.1) with the upcoming DA-converters and mixers/modulators. But even if the wideband noise of a transmitter fulfills the wideband noise requirement, it can possibly violate the requirement for the spurious emissions ([1], 4.3). The violation is depending on the power class of the transmitter. This is described in the following two examples.

In the first case, a transmitter is assumed operating at a rather low average output power of 36 dBm measured in a bandwidth of 300 kHz. Using a correction value of – 8 dB for the conversion from 300 kHz bandwidth to 30 kHz bandwidth, this would mean an average output power of 28 dBm measured in a bandwidth of 30 kHz. If the transmitter fulfills the requirement "spectrum due to the modulation and wideband noise" ([1], 4.2.1), its wideband noise generated at frequency offsets > 6 MHz and measured in a bandwidth of 100 kHz is at least 80 dB below the carrier power, i.e. at a maximum of - 52 dBm. This value is measured in an averaged mode. If a level difference of 10 dB is assumed between the peak hold value and the average value of the noise, the peak hold value of this noise level would be at

-52 dBm +10 dB = -42 dBm.

That means that the transmitter fulfills the requirement "spurious emissions" ([1], 4.3) 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 is assumed operating at an average output power of 42 dBm measured in 300 kHz bandwidth which is rather realistic for todays macro cell basestations. With the similar calculation as mentioned above, the peak-hold value of the noise power would be 6 dB higher than before, i.e. at -36 dBm measured at frequency offsets > 6 MHz in a bandwidth of 100 kHz. Consequently, a transmitter of this power class would start having problems to fulfill 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.

The power level difference between the peak and the average value of the noise is distributed statistically and could achieve more than 10 dB. As a consequence, even a low power transmitter could violate the requirement of the spurious emissions if measured in a large time span (the measurement time span is not specified in TS 45.005 and TS 51.021).

In other words, the fact that the spurious emissions have to be measured with peak-hold detector has the consequence that the wideband noise occuring in realistic power classes has to fulfill much higher requirements than in the specification "Spectrum due to the modulation and wideband noise". This inconsistency was solved in conventional GSM single carrier transmitters by applying narrowband filtering as explained above, yielding to a wideband noise suppression significantly superior to the requirements on spectrum due to modulation and wideband noise. This approach is however not feasible with multicarriers transmitters and the inconsistency in the specification needs to be addressed directly.

Refering to [1], 4.3.1 ("Principle of the specification"), it is likely that the use of the peak-hold measurement is rather aiming at the limitation of switching transients than at the limitation of the noise which is already specified in "Spectrum due to the modulation and wideband noise". However the switching transients are specified in [1], 4.2.2 ("Spectrum due to switching transients") up to frequency offsets of 1.8 MHz from the carrier. That means that it is furthermore likely that the peak-hold measurement of the requirement "Spurious emissions" is aiming to limit the switching transients at frequency offsets above 1.8 MHz from the carrier. This goal could be alternatively achieved by extending the second table in 4.2.2 ("Spectrum due to switching transients") by the appropriate entry for frequency offsets > 1.8 MHz. 

As a result, the measurement requirement for the "Spurious emissions" could be changed from peak-hold to rms detector. On one side this would improve the accordance between the specifications "Spurious emissions" and "Spectrum due to the modulation and wideband noise" for the wideband noise occuring in realistic power classes of macro base stations. Furthermore it would lead to a harmonisation between the GSM and the UMTS specification (see [5], 6.6.3, Spurious emissions: "Unless otherwise stated, all requirements are measured as mean power (RMS)").

4  Inconsistency in blocking requirements

Let's consider the in-band blocking requirements for the BTS, as they are given in TS 45.005 subclause 5.1. For GSM 900 BTS at frequency offsets higher than 3 MHz, the requirement is set to -13 dBm for the blocking signal. This means that the BTS sensitivity should be reduced by 3 dB when a -13 dBm input interferer is applied (more accurately stated, that the reference sensitivity performance is met for the BTS in presence of a blocking signal at -13 dBm when the wanted signal is set 3 dB above the reference sensitivity level). Note that the equivalent blocking requirement for DCS 1800 BTS is set to -25 dBm.

Those requirements come from the analysis of the so-called scenario 3 in TS 45.050 (multiple MSs and BTSs, uncoordinated, see subclauses A.3.3 and A.7.2.1), depicted in the figure below:
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Fig. 2: Scenario 3, considered in the derivation of the BTS blocking requirement.  

For the discussion here, we are mainly interested in the uplink situation described in figure 2: MS1 and BTS1 belong to operator 1, whilst MS2 and BTS2 belong to operator 2. BTS2 receives the weak signal (just above reference sensitivity level) coming from the distant MS2 on frequency f2. BTS2 receives in addition the very strong (blocking) interfering signal on frequency f1, coming from the close MS1, which transmits at full power in order to reach the distant BTS1. Let's assume

l f2 – f1 l = 3 MHz

as an example for the rest of the calculations.

For GSM 900 normal cells, a Minimum Coupling Loss (MCL) of 59 dB has generally been assumed when the requirements were derived (it is to be noted that this is a very severe (low) value, in more recent UMTS specification work, an MCL of 70 dB has been assumed for macro-cells, independently of the frequency of operation (see [3], subclause 7.4.1.2.1.1).

Hence the blocking signal from MS1 is received at BTS2 at the following input power:

33 dBm – 59 dB = - 26 dBm.

Assuming a Multiple Interference Margin (MIM) of 10 dB (which means that there are up to 10 interfering mobiles like MS1 in the immediate vicinity of BTS2, an extremely unlikely situation !), the total blocking power at BTS2 is 

-26 dBm + 10 dB = -16 dBm.

It seems that an additional 3 dB margin has been taken in order to obtain the final -13 dBm requirement.

Let's now examine if this -13 dBm requirement is consistent with other requirements in TS 45.005, namely the requirements on the MS spectrum due to modulation and wideband noise, specified in subclause 4.2.1, table a1) for GSM 900. Table a1) and spectrum mask in figure A.1a of TS 45.005 Annex A show that, at 3 MHz from the carrier frequency, the noise generated by a small MS in a 100 kHz bandwidth must be 65 dB below the carrier level as measured in a 30 kHz measurement bandwidth. (This requirement applies both for 8-PSK and GMSK modulations). Applying the conversion factors agreed by SMG2 and archived in TS 45.050 clause 6, we have:

conversion from average power in 100 kHz to peak power in 30 kHz: + 5 dB

conversion from peak power in 30 kHz to average power in 30 kHz: - 9 dB

--> conversion from average power in 100 kHz to average power in 30 kHz: - 4 dB

Requirement on wideband noise: 

-65 dB – 4 dB = -69 dBc

(with noise and carrier measured in a 30 kHz measurement bandwidth).

Coming back to the scenario depicted in figure 2, this means that BTS2 will receive from MS1 a noise power, as measured in a 200 kHz bandwidth centered on f2, approximately equal to:

33 dBm – 69 dBc – 59 dB = -95 dBm.

If we had 10 such MS1 in the close vicinity of BTS2, as assumed in the derivation of the blocking requirement by taking MIM = 10 dB, this noise floor as received by BTS2 would raise to 

-95 dBm + 10 dB = -85 dBm.

This is 16 dB above the wanted signal level as prescribed in the blocking requirement (3 dB above the BTS reference sensitivity level means -104 dBm + 3 dB = -101 dBm), and nearly 30 dB above the level of a co-channel interferer that would degrade the BTS reference sensitivity level by only 3 dB (-101 dBm – 9 dB – 3 dB = -113 dBm).

From this it appears clearly that the scenario around which the blocking requirement has been derived is totally unrealistic: if 10 MSs such as MS1 were in the immediate vicinity of a BTS2 owned by another operator, their cumulated noise emissions would desensitize BTS2 by something like 30 dB, making the blocking effect completely negligible.

Taking into account the arguments mentioned above, it is proposed to modify the blocking requirements for GSM 900 BTSs by aligning them to the blocking requirements for DCS 1800 and PCS 1900 BTSs, for all frequency offsets from the carrier. For example, for a 3 MHz frequency offset, this amounts to changing from -13 dBm to -25 dBm. This is a 12 dB change, which can be interpreted as going from a 59 dB MCL to a 71 dB MCL (nearly exactly the value taken for MCL in [3]). With this value, the noise generated by the close-by MSs would still be 4 dB above the wanted signal level as prescribed in the blocking requirement, which shows that the -25 dBm is still too strict from a system perspective. We believe however that this proposed change limits the impact to the existing specifications whilst allowing multicarrier receiver implementations.

The proposed change in the blocking requirement appears to be still rather conservative in view of what has been accepted for UMTS node B blocking by GSM interferers: In [4] (TR 25.816 "UMTS 900 MHz Work Item Technical Report"), section 4.4.2 the receiver characteristics of a UMTS 900 MHz node B are given. In tables 7.5, 7.5A and 7.5B, related to the blocking of a UMTS node B by a GSM (narrow-band) interferer it can be seen that the GSM blocking level has been specified at - 47 dBm for the wide area BSs, at -42 dBm for the medium range BSs and at -37 dBm for the local area BSs. In principle, there is no reason why TR 25.816 should differ from TS 45.005; the reason why there are such huge discrepancies is that for UMTS the values have been derived using a statistical approach and system simulations, whereas for the GSM specifications a kind of worst case approach has been taken. This is further explained in ref. [3] TR 25.942 ("RF system scenarios") section 8.1.3, where the results of the UMTS system simulations are given in terms of the cumulative distribution function of the experienced interferer level at the UMTS node B and the reason is given why some values have been chosen for the blocking requirements (although the section only deals with wideband (UMTS) interferers, it would also hold true for narrowband (GSM) interferers, and this is what TR 25.816 actually demonstrates).

5  Changes to specifications

Intermodulation requirements
It is proposed to keep the requirements on the wideband noise unchanged, but relax the IM requirements to a value of - 60 dBc (peak hold value as measured in a 300 kHz resolution bandwidth) for frequency offsets ( 1.2 MHz. Below 1.2 MHz the requirements for IM shall be the same as for the spectrum due to modulation and wideband noise.
Spurious emissions requirements

The proposal is to extend the specification 4.2.2 ("Spectrum due to switching transients") by the appropriate entry for frequency offsets > 1.8 MHz and to change the measurement requirement of the Spurious emissions (4.3) from peak-hold to rms detector as it is required e.g. in the UMTS specification.

Blocking requirements
The changes that would need to be brought to TS 45.005 are limited to the following table from subclause 5.1, where the changes are highlighted in red:

Frequency
GSM 400, P-, E- and R-GSM 900


DCS 1 800 & PCS 1 900



band
other MS
small MS
BTS
MS
BTS


dBµV
dBm
dBµV
dBm
dBµV
dBm
dBµV
dBm
dBµV
dBm


(emf)

(emf)

(emf)

(emf)

(emf)


in‑band











600 kHz
( |f‑fo | < 800 kHz
75
‑38
70
‑43
87
-26 =>

-35
70
‑43
78
‑35

800 kHz
( |f‑fo | < 1,6 MHz
80
‑33
70
‑43
97
-16 =>

-25
70
‑43
88
‑25

1,6 MHz
( |f‑fo | < 3 MHz
90
‑23
80
‑33
97
-16 =>

-25
80
‑33
88
‑25

3 MHz 
( |f‑fo | 
90
‑23
90
‑23
100
-13 =>

-25
87
‑26
88
‑25

out‑of‑band











(a)
113
0
113
0
121
8
113
0
113
0

(b)
‑
‑
‑
‑
‑
‑
101
‑12
‑
‑

(c)
‑
‑
‑
‑
‑
‑
101
‑12
‑
‑

(d)
113
0
113
0
121
8
113
0
113
0

NOTE:
For definition of small MS, see subclause 1.1.

Impacted specifications
TS 45.005 and TS 51.021.

6 Conclusions

In this contribution we have shown that the GSM 900 BTS blocking requirements in TS 45.005 are unduly over-specified and inconsistent with MS transmitter side requirements on spectrum due to modulation and wideband noise. We have furthermore shown that the intermodulation attenuation requirements for the BTS transmitter are inconsistent with MS receiver side requirements on the intermodulation. Finally we have shown that the requirements on the spurious emission are inconsistent with the requirements on wideband noise for the higher BTS power classes. We have proposed relaxations that would have no system impact due to the inconsistencies in the current specifications.

This document is provided with the purpose of triggering discussions and comments. If TSG GERAN agree with this proposal, change requests will be provided to GERAN#32.
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