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Blocking requirement and LO spectral purity
Introduction

It has been shown in [1] that the blocking requirement in TS 45.005 for GSM 900 BTS is basically inconsistent with the requirement on MS wideband noise and that the blocking requirement can safely be relaxed without any system implication.
However, Ericsson have reported in [2] that "originally, the purpose of the blocking requirement was to assure that the noise sidebands of the LO don't generate unwanted interference signal that would destroy sensitivity performance. How to verify that [if the blocking requirement is relaxed] ?". It is the purpose of this document to analyse if there can be any problem with LO spectral purity if the blocking requirement for GSM 900 BTS is relaxed as proposed in [1].
Analysis

Blocking in the BTS receiver can happen due to a multiplicity of causes, such as parametric reduction of LNA gain due to the presence of a strong interferer and limited ADC dynamic range; LO noise sidebands are one of these causes: assume for example an interferer (blocker) at 3 MHz from the wanted signal. The noise sidebands at 3 MHz from the LO central frequency will mix with this interferer to generate products that fall on exactly the same IF (or baseband) frequency as the wanted signal; in other words, lack of LO spectral purity converts interferences on other frequencies into direct co-channel interference that can no longer be eliminated by filtering.

When designing a receiver, a kind of "degradation budget" has to be allocated to each of these causes so that their cumulated effects still allow to meet the overall blocking requirement. It is therefore true that setting a blocking requirement places a constraint on LO spectral purity, although to which extent is partially implementation dependent.

Lack of LO spectral purity at rather large distances from the central frequency has no other detrimental effect than the one we have just described: increase of co-channel interference and hence potential reduction of BTS sensitivity. If there are several (say, N) active mobiles around the BTS, transmitting on a set of different frequencies, the noise sidebands of the LO will convert these interferences into co-channel interference; this basically means that all these non-correlated interferences will add up in power and then in principle will reduce the BTS sensitivity.
Let us analyse this phenomenon in a little bit more in detail, referring to figure 1 below. The RF signal is made of the wanted signal, with power Ps, the interfering (or blocking) signals from the interfering MSs, with powers Pik (1 ≤ k ≤ N), the BTS generated white noise with power NBTS in 200 kHz and the white wideband noise received from the N MSs, with total power NMS in 200 kHz. For the sake of clarity, these noise contributions are not represented in the figure (apart from the LO noise).
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Figure 1: LO noise, signal and interferers at RF input of BTS downconverting mixer.
Since we are mainly interested in computing the signal to (noise+interference) ratio at the output of the mixer, we can assume that the LO has a unity power at its nominal frequency and that the mixer acts as a mere multiplier. We will assume that the LO has sidebands with a constant power spectral density, the LO sideband power in 200 kHz being α, with α <<1 (see figure 1).
The MS generated wideband noise is always specified as a fraction of the MS transmit power. For example, [1] has shown that an MS complying with TS 45.005 generates a wideband noise with power in 200 kHz approximately 69dBc below the MS power (33 dBm). An MS exceeding TS 45.005 would generate less wideband noise, but we can always assume without lack of generality that the noise power generated by an MS in 200 kHz is some fraction of the MS transmitted signal power. Hence the noise power received from an MSk by the BTS will be β. Pik using the above notations (with β << 1). Since this is valid for all MSs, irrespective of their distances to the BTS, we have:
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We also have:
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with B = 200 kHz, T = 298 K, k the Boltzmann constant and F the BTS noise figure.
After downconversion, the different components of the IF or baseband signal in 200 kHz around the wanted carrier are:

1) wanted signal with power Ps x 1 = Ps

2) wideband noise from LO with power in 200 kHz around wanted signal downconverted carrier: α . Ps
3) interfering signals from the N MSs: 
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4) wideband noise from the N MSs with power in 200 kHz: 
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5) wideband noise from the N MSs downconverted by the LO sidebands with power in 200 kHz: 
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. (25 MHz/200 kHz) (the mixer actually performs the convolution of the wideband noise from the MS and from the LO that span the whole GSM 900 receive band, i.e. 25 MHz; the factor 25 MHz / 200 kHz = 125 accounts for this convolution).
This last component can be neglected, since α and β are << 1. The sequel will show that α is around 10-9, β around 10-7.
Hence the signal to (noise+interference) ratio at the mixer output is:
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         (1)
From this equation (1), it can be seen that N blocking interferers with individual received power Pik are equivalent to a single blocking interferer with received power equal to ∑ Pik. This can stand as a theoretical justification of the way blocking was specified in TS 45.005, namely with a single blocker rather than with a multiplicity of blockers on different frequencies. (Of course, the practical reason behind the chosen method is also simplicity of testing).
What we have shown in [1] is that, in a real scenario, if ∑ Pik = -13 dBm as per the TS 45.005 blocking requirement, then β . (∑ Pik) >> FkTB, if MSs generate a wideband noise according to TS 45.005. As can be directly derived from the calculations in [1], this remains true even if real MSs outperform TS 45.005 in terms of wideband noise generation by as much as 6 dB and even if the blocking requirement is relaxed to ∑ Pik = -25 dBm.
In the TS 45.005 blocking test (without relaxation), ∑ Pik = -13 dBm and there is no wideband noise from MSs, which means that β = 0 in the above equation; Ps is set 3 dB above reference sensitivity, i.e. at – 101 dBm (hence Ps << ∑ Pik) and FkTB ≈ -117 dBm for a BTS with 4 dB noise factor. For the reference performance to be met under the blocking test, the resulting SINR must be roughly greater than 9 dB, which means that:
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As expected, this sets a higher limit on the LO spectral purity α:

α < 1.6 . 10-10 = - 98 dBc / 200 kHz

If the blocking requirement is relaxed as suggested to ∑ Pik = -25 dBm, this will relax the requirement on LO spectral purity. The same calculation as above, mutatis mutandis, now gives:

α < 2.53 .  10-9 = - 86 dBc / 200 kHz.
Now, in live scenarios, blocking MSs will always generate wideband noise. Equation (1) shows that if β >> α, then the contribution from the MS wideband noise will be dominant wrt the contribution due to LO noise (α.Ps is always negligible since Ps is always assumed to be only slightly above reference sensitivity when blocking scenarios are considered). We have shown in [1] that β = - 69 dBc for MSs just complying with the TS 45.005 requirements for wideband noise. Even if real MSs now outperform the wideband requirements by as much as 6 dB, β = - 75 dBc for these MSs and this is still 11 dB above the α corresponding to the relaxed LO requirement (corresponding to the – 25 dBm relaxed blocking requirement). Hence α remains negligible as compared to β, even when α is determined using the relaxed blocking requirement.
Conclusion

The analysis above has shown that the blocking requirement in TS 45.005 indeed sets a limit for the BTS receiver LO noise, as pointed out by Ericsson in [2]. It has also been shown that this limit on LO noise corresponding to a relaxed blocking requirement of – 25 dBm (instead of the original – 13 dBm) still leads, in real scenarios, to a negligible contribution of the LO noise compared to the contribution of wideband noise from the blocking MSs. This conclusion is still true for MSs generating far less wideband noise than actually specified in TS 45.005.

In light of the above, it is proposed that TSG GERAN accept the proposed relaxation of the GSM 900 BTS blocking requirement from – 13 dBm to -25 dBm.
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