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Introduction

During 3GPP GERAN #35 meeting in Dublin a consensus was found on the multi carrier power amplifier topic. It was generally admitted that a new class of BTS has to be introduced to update the specifications in the most appropriate way. A work Item was thus initiated on the introduction of a new multicarrier BTS class, a.k.a. MCBTS (see [1]). It was also understood that every company involved into this topic shall provide the GERAN group with a summary of their views. This contribution is aiming at reminding Nortel’s position on the radio requirements relaxation topic.
Intermodulation attenuation
Initially, Alcatel-Lucent made a proposal showing some inconsistencies in the specifications, and that correcting those would allow the use of MCPA. In particular, the intermodulation inconsistency has been originally explained as follows.

If the BTS operates e.g. at a power level of 39 dBm, the power of the inter-modulation components centred 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 (c.f. below), 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 roughly - 109 dBm. A desensitization 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. [eqn. 1]

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 developed by Alcatel-Lucent, we indeed see clearly that it makes no sense to have a strong requirement on the BTS IM products, since the MS requirements are much looser (compare -108 dBm versus -49 dBm).
However, a different approach can be taken to compare the BTS and MS intermodulation products received by the MS.
Extract from the specification

Rx inter-modulation characteristics

5.3
Intermodulation characteristics

The reference sensitivity performance as specified in tables 1, 1a, 1b, 1c, 1d and 1e shall be met when the following signals are simultaneously input to the receiver:

‑
a useful signal at frequency fo, 3 dB above the reference sensitivity level or input level for reference performance, whichever applicable, as specified in subclause 6.2;

‑
a continuous, static sine wave signal at frequency f1 and a level of 70 dBµV (emf) (i.e. ‑43 dBm):

‑
for GSM 400 small MSs and GSM 900 small MSs and GSM 850 small MSs and GSM 700 small MSs, DCS 1 800 and PCS 1 900 MS and DCS 1 800, PCS 1 900 and MXM 1900 BTS this value is relaxed to 64 dBµV (emf) (i.e. ‑49 dBm);

‑
for the DCS 1 800 class 3 MS this value is relaxed to 68 dBµV (emf) (i.e. ‑45 dBm);

‑
any 148‑bits subsequence of the 511‑bits pseudo‑random sequence, defined in CCITT Recommendation O.153 fascicle IV.4 GMSK modulating a signal at frequency f2, and a level of 70 dBµV (emf) (i.e. ‑43 dBm):

‑
for GSM 400 small MSs and GSM 900 small MSs and GSM 850 small MSs and GSM 700 small MSs, DCS 1 800 and PCS 1 900 MS and DCS 1 800, PCS 1 900 and MXM 1900 BTS this value is relaxed to 64 dBµV (emf) (i.e. ‑49 dBm);

‑
for the DCS 1 800 class 3 MS this value is relaxed to 68 dBµV (emf) (i.e. ‑45 dBm);

such that f0 = 2f1 ‑ f2 and |f2‑f1 | = 800 kHz.

NOTE:
For subclauses 5.2 and 5.3 instead of any 148‑bits subsequence of the 511‑bits pseudo‑random sequence, defined in CCITT Recommendation O.153 fascicle IV.4, it is also allowed to use a more random pseudo‑random sequence.

Inter modulation attenuation

4.2.1
Spectrum due to the modulation and wide band noise
[…]

a2)
GSM 400 and GSM 900 and GSM 850 and MXM 850 and GSM 700 normal BTS:
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	NOTE:
* For equipment supporting 8-PSK, 16-QAM or 32-QAM, the requirement for these modulations is ‑56 dB.


Note: 
GSM 700 BTS shall also comply to the requirements in the applicable FCC rules [FCC Part 27, Subpart C, Section 27.53]. This may introduce more stringent requirements in frequency bands defined for public safety services.

4.7.2.1
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.

Application

The value used in the original rationale, is in fact the relaxed value for small MS, restricted to MS below or equal to 33 dBm transmit RF power (i.e. Power class 4 and 5).

Replacing – 49 by  – 43 dBm in eqn 1 gives:

3 * (-29 - (-43)) - 109 = - 67 dBm [eqn. 2]

This is 18 dB less inconsistent than the – 49 dBm shown in [eqn 1].

Real life assumptions

It is important to notice the way the specification is written. The intermodulation is obtained by mixing a non modulated signal with a modulated signal. This results in a spurious with a modulation similar to the original modulation.

In real life, the two carriers received by MS antenna are both modulated. The inter-modulation built by the MS Rx chain are therefore modulated in a three time bandwidth, resulting in a 5 dB lower RF power spurious created by the MS Rx chain.

Eqn 2 should then be rewritten as:

3 * ((-29 – 5) - (-43)) - 109 = - 82 dBm. [eqn. 3]

Eqn 1 was established by considering that a 3 dB desensitization is obtained by having an interferer equal to the noise floor, which means considering the spurious as a with un-modulated noise. In fact, the spurious is to be considered as an interferer, C/I must be at least 3 dB below noise floor for 3 dB desensitization. Also, MS is assumed to have a 12 dB NF, which is very conservative. A modern MS has NF in the range of 6 dB (which is still conservative since 6 dB NF is not at state of the art MS, and applies to an MS at exact specification limit), which brings the noise floor down to – 115 dBm (see annex 1). Therefore, the reference power to be considered is – 118 dBm.

Eqn 3 becomes:


3 * ((-29 – 5) - (-43)) - 118 = - 91 dBm. [eqn. 3]

With this approach the intermodulation products to be compared are much closer than in the original approach.
Comparison with requested relaxation

This has of course to be compared to the allowed IM transmitted by the BTS (39 dBm emission, and 65 dB coupling loss).
39 dBm emission gives: 39 – 79 = - 40 dBm allowed IM product, i.e. – 40 – 68 = - 108 dBm at MS antenna.
This is the situation with a BTS transmitting 39 dBm at antenna access, which is only 8 watts. A two carrier system, in line with small configuration as thought of at GSM origin would result in – 36 dBm unwanted emissions, i.e. – 95 dBm at MS access.
It is worth noticing that this corresponds to a situation of a BTS transmitting on two carriers with the proper frequency combination leading to inter-modulation products at the exact frequency received by the MS. The conditions are:

· At least two active transmitters at the BTS

· MS receiving at a frequency offset equal to the frequency spacing from the BTS.

This is very unlikely to happen.

Coming evolution impacts

With new modulation scenarios, MS Rx linearity will need to achieve significant progress. Original GMSK modulation allowed the Rx chain to have some compression at high RF level, while 8 PSK with 3.2 dB PAR and 16/32 QAM with 5.8 dB PAR have removed this possibility and advocate improving Rx chain dynamic range by close to 6 dB.

Blocking characteristics and GSM-R services
In [2] it was reminded that the alignment of GSM900 blocking characteristics on DCS1800 blocking characteristics could lead to some issues within the particular GSM-R area. Those comments were taken into account by proposing a split in the blocking characteristics table stating the MCBTS could use DCS1800 blocking characteristics except for the UIC band. However, Nortel would like to recall that the UIC band is only defined in Europe, and that elsewhere the R-GSM services might be used on the R-GSM band which encompasses the E-GSM band.
Conclusion

It is proposed that the different approach to compute the intermodulation products caused by the MS is taken into account, as the levels of IM products caused by the BTS and those caused by the MS are much closer and thus should not be understood as a proper justification to introduce radio requirement relaxation within the intermodulation attenuation specification.
An attention is also drawn on the use of the R-GSM band outside Europe for GSM-R services.
Annex 1
The noise floor can be computed as follows:
Thermal noise power at 290 K: Nf = - 174 dBm / Hz ( in 200 kHZ: Nf = -121 dBm ( assuming a Noise Figure of 6 dB: Nf = -115 dBm
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