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Further considerations on GSM multicarrier amplification and corresponding relaxation of some radio requirements

1 Introduction

In TSG GERAN # 31, the rationale for updating some of the GSM radio requirements in TS 45.005 in order to allow GSM multicarrier amplification was presented (see [1], cf. GP-061606) and it was recognized that it would be interesting to continue this work. During the presentation, a number of questions were placed. This document is an attempt to answer them. In addition, further analysis of the measurement of spurious emissions is provided.
The background material in GP-061606 is assumed to be known and is not repeated here. The proposed relaxations are just briefly summarized in section 2.

2 Proposed relaxations of radio requirements

2.1 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.

2.2 Blocking requirements

The changes that would need to be brought to TS 45.005 are limited to the following table (see Table 1) from subclause 5.1, where the changes are highlighted in red. Basically, the in-band blocking requirements for GSM-400 and GSM-900 are aligned to those valid for DCS-1800 and PCS-1900.
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NOTE:
For definition of small MS, see subclause 1.1.

Table 1: Blocking levels mentioned in TS 45.005, subclause 5.1.
3 Analysis of possible system impacts of the radio relaxations

3.1 Possible impacts of the relaxation of BTS intermodulation requirements

· Comparison between the intermodulations from the BTS and the MS at various MS-BTS distances and for MSs with a linearity (IP3) higher than specified in TS 45.005

GP-061606 demonstrated that the intermodulation products generated by the MS receiver are far greater than the intermodulation products coming from the BTS itself, and that it is therefore possible to relax the BTS intermodulation requirements. However, the analysis in GP-061606 was restricted to the case where the MS was close to the BTS (i.e., at minimum coupling loss) and where the MS had intermodulation performances exactly as specified in TS 45.005 (and not better). In this section, we extend the analysis to the case where the MS linearity is better than specified in TS 45.005 and to any MS-BTS distance. We show that the conclusions from GP-061606 remain basically unchanged.

First, the intermodulation requirement for the MS receiver from TS 45.005 can be translated on a requirement on the Input 3rd order Intercept Point (IIP3), provided a noise figure NF is assumed for the MS. Typical noise figures for MSs today range from roughly 12 to 6 dB, hence we will assume those two extreme values in our calculations. TS 45.005 says that two carriers received at a power level of -49 dBm lead to a desensitization of the MS by 3 dB. A desense of 3 dB is (approximately) obtained if the cumulated power from the 3rd order IM products generated by the MS are at the same level as the noise floor. The calculations are summarized in Table 2.

NF (dB)
Noise floor (dBm)
Level of individual IM3 products in MS PIM3(dBm)
x (dB)
IIP3 = -49 + x = - PIM3 + 3x (dBm)

12
- 109
- 112
31.5
- 17.5

6
- 115
- 118
34.5
- 14.5

Table 2: Summary of the calculations based on two different noise figures.
Indications from several terminal manufacturers are that GSM MSs today can have IIP3 values roughly 5 dB higher than the higher of the two values in the table, i.e., roughly – 9 dBm. We will assume this value in the rest of our calculations. 
Let us now analyse the power of the IM3 components in the MS receiver at any distance from the BTS. Part of these components is generated in the BTS, and part in the MS receiver itself. Let us evaluate these parts separately, using the notations of GP-061606 (f2 and f3: carrier frequencies, f1 = 2f2 – f3, CL = Coupling Loss (dB)): the calculations are summarized in the following table.

Since the 3rd order intermodulation products generated in the mobile receiver decrease by 3 dB each time the MS-BTS path loss increases by 1 dB, and since the 3rd order intermodulations products generated in the BTS and as seen by the MS only decrease by 1 dB for each 1 dB increase of MS-BTS path loss, there is an intercept point at a certain distance from the BTS where the intermodulations from the BTS are as high as those generated by the MS itself. Beyond this distance, the intermodulations from the BTS are higher than those of the MS receiver. The coupling loss at the intercept point is named CLc in Table 3.


Current BTS IM specs
Relaxed BTS IM specs (as per GP-061606)

BTS2 output power (f2, f3) (dBm)
39
39

BTS2 IM3 output power (f1) (dBm)

(see GP-061606)
- 40
- 30

Power at MS input (f2, f3) (dBm)
39 - CL
39 -CL

BTS-IM3 = IM3 power at MS input due to BTS2 (f1) (dBm)
- 40 - CL
- 30 - CL

MS-IM3 = IM3 power at MS input due to MS receiver (f1) (dBm)
3 (39 – CL) – 2 IIP3 = 135 - CL
3 (39 –CL) – 2 IIP3 = 135 - CL

Coupling Loss CLc (dB) for which BTS-IM3 = MS-IM3
87.5
82.5

BTS-IM3 or MS-IM3 (dBm) @ CLc
- 127.5
- 112.5

Table 3: Calculations based on the current BTS IM specifications and based on relaxed BTS IM specifications.
It can be seen from Table 3 that, in case the relaxation proposed in GP-061606 is applied, the BTS IM3 level in the MS at the intercept point is higher than the noise floor in the MS (assuming a 6 dB NF). Let us investigate what is in this case the area around BTS2 where the MS is desensitized by 3 dB. This area is a disk the radius of which is the distance where the  BTS-IM3 will be 

115 dBm – 3 dB = - 118 dBm (CL = 88 dB).

At this CL, the MS-IM3 can be neglected with regard to BTS-IM3. In order to give orders of magnitude of the corresponding distances, let's assume a Hata model with fc = 900 MHz, transmitter antenna height ht = 50 m and receiver antenna height hr = 1.5 m. If we assume a 3 dB body loss, it means CL = 88dB will be obtained for an MS-BTS path loss PL of 85 dB.

PL ≈ 69.55 + 26.16 log10(fc) – 13.82 log10(ht) – a(hr) + (44.9 – 6.55 log10(ht)) log10(d)

with 

a(hr) = (1.1 log10(fc) – 0.7) hr – (1.56 log10(fc) – 0.8) dB.

This gives 

PL ≈ 123.35 + 33.77 log10(d) and d ≈ 73 m for PL = 85 dB.

With the non-relaxed BTS IM specifications, the MS IM3 is dominant at those levels where it is comparable with the noise floor. MS-IM3 = -118 dBm occurs for CL = 84.3 dB, hence for PL = 81.3 dB. Applying the same formula as above gives d ≈ 57 m.

Hence relaxing the BTS IM specifications by 10 dB has increased the radius of the area where the MS is desensitized by more than 3 dB by approximately 16 meters.

This desensitization occurs in the case that the mobile receiver is significantly better than according to the specifications and under macro-cell circumstances.

A simple example shows that the increase of area in which the mobile receiver is additionally desensitized can in fact be neglected compared to the cell coverage area:if the ratio

r = area without desensitization, with relaxation / area without desensitization, without relaxation

is calculated in case that a cell coverage radius of (only) 1 km is assumed, we get

r ≈ 0.9979.

That means that the area without desensitization decreases by 0.2 % due to the relaxation. For higher cell coverage radii, this amount would be even smaller.

Summary: Taking into account the calculations mentioned above, we can distinguish between two cases:

1. If the mobile receiver fulfills the specifications without margin, the effect of relaxing the BTS IM requirements has no impact on the system at all. At the distance from the BTS where the IM products of the BTS become dominant, the power level of the IM products (-127.5 dBm) is significantly below the level of the receiver noise floor (-109 dBm).

2. If the mobile receiver is significantly better than the specification (concerning linearity and noise figure), in principle the area increases in which the receiver is further desensitized. However, for macro-cells for which the relaxation is proposed this increase has negligible impact.
· Impact of the relaxation of the requirements for Intra BTS intermodulation attenuation on C/I values

Relaxing the BTS IM requirements could be seen as potentially increasing the level of downlink interference in the network. The worst case downlink C/I condition again comes from the uncoordinated scenario already studied in GP-061606 and in the current document for the comparison of BTS and MS IM3 products (see above). In rough terms, this analysis has shown that, even when the BTS IM specifications are relaxed, for all situations where the BTS IM3 levels as seen by the MS are significantly above the noise floor, the IM3 products generated by the MS itself are even higher (MS-IM3 >> BTS-IM3). This means that the relaxation of the BTS IM specifications will not change the C/I condition experienced by the MS as long as C is well above the noise floor. The case where C is rather close to the noise floor is the one studied just above. In other words, BTS IM products do generate interference, but this interference has an effect only when the MS is close to the sensitivity limit and the effect is exactly the one already studied above.

3.2 Impact on equipment outperforming the GSM specifications

· Impact of IM relaxation on mobile receivers with higher IP3

Already treated in section 3.1.

· Impact of blocking relaxation on BTS receivers with higher sensitivity

Higher BTS receiver sensitivity does not change the wideband noise coming from close MSs nor the power level at which the MSs are received. Thus the argumentation described in GP-061606 is still valid, and even more valid for high sensitivity BTSs, since they will be even more desensitized by the close MSs' wideband noise and the blocking effects become even more negligible.
3.3 Co-location of GSM base stations and UMTS base stations
Within the discussions, a further concern came up about interband intermodulations, e.g. between PCS1900 and UMTS. Intermodulation problems could occur e.g. if a GSM-BTS transmission mixes with a UMTS-BTS transmission and generates intermodulations in the UMTS-BTS receiving band. The concern is high when GSM and UMTS BTS locate in the same site, even higher if sharing feeders and antennas.
To describe this problem, an example is shown in Figure 1: two GSM carriers are transmitted in the PCS 1900 band and one UMTS carrier is transmitted in the UMTS band II (downlink, between 1930 and 1990 MHz). The two GSM carriers also generate two 3rd order intermodulation products at a power level that is 79 dB (without standard relaxation) or 69 dB (with standard relaxation) below the GSM carrier power. Due to 3rd order intermodulation, several intermodulation products occur in the UMTS uplink band II between 1850 and 1910 MHz.

Let’s assume that the UMTS carrier is transmitted at 1985 MHz. If the first GSM carrier is transmitted at 1940 MHz, one IM3 product of this GSM carrier and the UMTS carrier occurs on 1895 MHz. If the second GSM carrier is transmitted at 1935 MHz, one IM3 of this GSM carrier and the UMTS carrier occurs on 1885 MHz. These two intermodulation products are the ones that interfere at a high level in the UMTS uplink band.

Furthermore, the two GSM carriers generate IM3s on 1930 MHz and on 1945 MHz. These intermodulation products also mix with the UMTS carrier and generate further intermodulations: one occurs at 1875 MHz, the other one at 1905 MHz. These two IMs also interfere in the UMTS uplink band but at a much smaller power level since the intermodulations of the GSM carriers are much below the GSM carrier levels, i.e.

compared to the "direct intermodulations" it has no impact if the GSM intermodulation products are 79 dB (without relaxation) or 69 dB (with relaxation) below the GSM carrier level. Hence the proposed standard relaxation of 10 dB has no impact on the interband intermodulation problem.
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Figure 1: Interband intermodulation problem between GSM and UMTS.

3.4 Impact on LTE/GSM coexistence

In the UMTS specification (see [4]), the ACLR requirement (section 6.6.2.2) states that the intermodulations must not exceed a value 45 dB below the carrier in a frequency offset of 5 MHz and 50 dB below the carrier in a frequency offset of 10 MHz. In the following, we take the value of 50 dB because this is the harder requirement. The bandwidths in which carrier and IM are measured are the same. As we have shown in GP-061606, for GSM the power level difference between carrier and the intermodulation components must be at least 79 dB if measured in the same bandwidth (or 69 dB with relaxation). Comparing the 50 dB in the UMTS case to 79 (without relaxation) or 69 dB (with relaxation), we can clearly see that UMTS has much more relaxed requirements concerning intermodulations than GSM. This is the case even if the GSM intermodulation requirement is relaxed by 10 dB.

LTE will have to coexist with UMTS in the same frequency bands. That means that LTE systems have to work properly in the presence of the intermodulations caused by UMTS transmitters. Since GSM transmitters have to fulfil much harder requirements concerning intermodulations than UMTS transmitters, even if the requirement is relaxed by 10 dB, LTE systems will face no problems coming from intermodulations when coexisting with GSM systems.

4 Further investigations of the requirements on spurious emissions

In [1], section 3 it was already shown that there is an inconsistency between spurious requirements and wideband noise requirements for the higher BTS power classes: in case of a higher transmitter output power, the wideband noise of the transmitter may fulfil the specification “spectrum due to modulation and wideband noise” but violate the requirements on the spurious transmissions. This is due to the fact that in the specification “spectrum due to modulation and wideband noise”, the wideband noise has to be measured with averaging detector while in the specification “spurious emissions” it has to be measured with peak hold detector. In the following, we will show that there is also an inconsistency between the requirements for the spurious emissions and the specification of the “switching transients”: at 1.8 MHz offset from the carrier, the spurious emissions must not exceed a power level of -36 dBm if measured in a bandwidth of 30 kHz with peak hold detector. On the other side, the requirements for the “switching transients” (in the case of e.g. GSM 900) say that at an offset of 1.8 MHz from the carrier, the switching transients must not exceed a value of -74 dBc or -36 dBm, whichever is the higher. In this specification, the carrier has to be measured in a bandwidth of 300 kHz with averaging detector while the switching transients have to be measured in a bandwidth of 30 kHz with peak detector.

In a first example, we assume a transmitter operating at a rather low output power of 36 dBm and we investigate if the switching transients of this transmitter fulfils the requirement of the spurious emissions. Since the mentioned power level is measured in a bandwidth of 300 kHz (the same as in the specification of the “switching transients”), we can apply the value of –74 dBc (requirement for switching transients) directly to the value of 36 dBm. We get a power level of the switching transients of -38 dBm which is measured in a bandwidth of 30 kHz with peak detector. The requirements for the spurious emissions assume the same bandwidth and detector, thus we can see directly that the specification of the spurious emissions is fulfilled.

In a second example, we assume a transmitter operating at a higher output power of 42 dBm. This is 6 dB above the value in the first example. Applying the same type of calculations, we come to a power level of the switching transients of –32 dBm. Thus in this case the spurious emissions requirement is violated although the specification of the switching transients is still fulfilled. 

As a conclusion, we can state that there is not only an inconsistency between the requirements for the spurious emissions and for the wideband noise at higher BTS power classes (as already described in [1]). Furthermore, there is an inconsistency between the requirements for the spurious emissions and for the switching transients at higher BTS power classes.

Note that the additional comment "or -36 dBm, whichever is the higher" in the specification of the switching transients does not help to solve this inconsistency. In the example of the higher output power, this sentence was already used (otherwise, the switching requirement would be violated, too). That means: using this comment leads to fulfilling the switching transient specification, but it also leads to violating the spurious emissions specification.

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.

Obviously, the inconsistencies mentioned in [1] and in this paper have a historic background coming from the evolution of the GSM standard. This can be seen in section III.1 in [5]: "It is useful to remind that this maxhold mode [for the measurements of the spurious emissions] 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."

In [5] again, it is shown in addition that the peak hold measurement for the spurious emissions suffers from an even more fundamental problem, which is that the peak to average ratio of white gaussian noise is theoretically infinite; hence basically any value can be obtained from such a measurement depending on the chosen "integration time".

For all these reasons, we consider that the measurement of the spurious emissions should really be made using an rms detector. Note that this is the measurement method that has been used for UMTS in [4] (see subclause 6.6.3).

5 Conclusion

For the proposed relaxations of the intermodulation and blocking requirements, the system impacts have been investigated further. It has been shown that these impacts either do not exist or are negligible. In view of the potential benefits brought by GSM multicarrier amplification and wideband receiver architectures, it is hence proposed that these relaxations are accepted. The corresponding CRs to TS 45.005 and TS 51.021 can be found in [2] and [3].

For the requirements on spurious emissions, further evidence has been delivered that there are inconsistencies towards other requirements. It has been stated that the usage of the peak measurement has historic reasons that have been overcome by the introduction of the specification of the switching transients. Therefore, it is still proposed to introduce the usage of rms detector in the measurement of the spurious emissions. A CR dedicated to this topic will be prepared for discussion at the GERAN#33 meeting.
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