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Answers and comments to GP-070258 (Comments on rationale v2) from Nortel

Introduction

With [1] and [2], Alcatel submitted two discussion papers to the GERAN# 31 and GERAN# 32 meetings in which it was stated that some of the radio requirements could be relaxed without an impact on the system performance while enabling the feasibility of multi carrier GSM transceivers. In these discussion papers, each of the proposed relaxations was justified by an inconsistency towards another requirement. As a reaction to these proposals, Nortel submitted [3] to the GERAN# 32 meeting and the revised version [4] to the GERAN# 33 meeting. Since we believe that any relaxation of the GSM standard has to be addressed with great care, we welcome these discussion papers. However from our point of view, the arguments in these papers do not take into account all the aspects that need to be considered. It is the intention of this paper to deal with these topics. In the following, the arguments mentioned in [4] are emphasized in italic. The answers or comments are given directly afterwards.

Blocking requirements

· First, it is worth to underline that a Minimum Coupling Loss (MCL) of 59 dB should be considered as a realistic value. Let us consider an antenna gain of 20 dBi, the path loss between the MS and the BTS compliant with the GSM MCL would result in -79 dB, which represent roughly a distance of 250 meters. We believe that the situation where a MS is emitting at full power toward its radio access network while being nearby a second BTS (belonging to a different operator’s for example) is likely to happen in very dense GSM networks.

For small distances to the BTS and in urban areas, it is suited to use the Walfish-Ikegami model. The pure line of sight propagation loss (i.e. leading to minimum path loss, therefore no value for antenna height is required) is given as

L[dB] = 42.6 + 26 log10 d [km] + 20 log10f [MHz] for d ≥ 0.020 km

For a frequency of 900 MHz, this leads to

L[dB] = 101.7 + 26 log10 d [km]

A path loss of 79 dB occurs if the following relations apply:

79 = 101.7 + 26 log10 d [km]





-22.7 = 26 log10 d [km]

d [km] = 10 ^(-22.7/26)

d = 134 m.

That is approximately half of the value mentioned in [4] (250 m). This would mean that the area in which a MS will cause a large blocking signal at the BTS receiver is much smaller compared to what is stated in [4], i.e. this reduces the likelihood of such a blocking signal significantly.

This argument still does not take into account the fact that the BTS receiver would be desensitized much more by the wideband noise coming from the MS as it was described detailed in [1]. Note that the likelihood of receiving the wideband noise from an MS and the likelihood of receiving its blocking signal are equal.

· A blocking signal reaching -13 dBm, at least significantly higher than the proposed values, could be commonly observed when an 8-PSK modulation is used, as an additional 3 dB link budget is required to maintain the same bit error rate in the demodulator. Statistically a MS using 8-PSK is thus closer to the blocking requirement than a MS using GMSK.

An 8-PSK signal has indeed a peak-to-average ratio that is approximately 3 dB (compared to 0 dB when GMSK is used). The mentioned argument would apply if the MS would transmit at a constant average output power of e.g. 33 dBm, independently of the used modulation. However, in such an MS, the final amplifier stage would then be operated with a low backoff in case of 8-PSK modulation. In case of GMSK, the backoff would be 3 dB larger leading to significantly reduced efficiency of the amplifier. Since the power consumption and therefore the operating time is one of the most important aspects of an MS, this case seems to be rather unlikely. It is rather likely that the MS is optimized for the usage of GMSK modulation and in case of 8-PSK, the same peak power is generated which means that 8-PSK is transmitted with 3 dB reduced average output power. Consequently, the likelihood of a signal peak in case of 8-PSK is even smaller than in case of GMSK. Therefore, there is no reason why 8-PSK modulation should increase the problem of blocking signals.

· Current GSM deployment scenarios may result in higher power blockers than what was considered at the beginning of GSM standardization.

The derivation of the GSM standard has been done using worst case scenarios. Therefore, it is unlikely that today there might be scenarios that are even worse than what was assumed in the original worst case investigations. In addition, it also seems that today (at least in P- and E-GSM) only small MSs with a maximum power of 2 W (instead of 8 W) are used. This is in contradiction to the assumption that today there are even worse cases.
· For example, in GSM-R networks, Class 2 mobile stations (8 W - 39 dBm) operating with GMSK modulation are used together with antennas providing up to 5 dBi gains:

· With a 3 dBi gain antenna that could be considered for typical network engineering this would result in: 39 dBm + 3 dB - 59 dB = - 17 dBm. 

· In the "worst" situation (5 dBi gain), this would result in: - 15 dBm.

It is worthy to note that railways systems are often deployed in dense urban areas.
Again in this case, the wideband noise of the MS would desensitize the BTS receiver much more than the blocking signal itself, as described in [1].

However, this argument rises the question if it makes sense to specify R-GSM in the same way as P- and E-GSM with regard to blocking signals. The difference is not only that R-GSM is more critical concerning security aspects of railways but also that there are still high power MSs in use with antennas that might have much higher directional gain than what is used in P- and E-GSM. A possible solution could be to align the blocking values only of P- and E-GSM to the values already specified in DCS 1800 and to keep the higher requirements for R-GSM.

· Similarly, it seems essential to prevent any threat against GERAN standards enhancements currently under study, such as 16QAM and 32QAM modulations, where Peak to Average ratio can reach up to 6 dB.

For 16QAM and 32 QAM, in principle the same argument applies as what is said about 8-PSK modulation: It is not likely that MSs will be designed to generate constant average output power, independent of the modulation scheme. This would lead to low efficiency and thus lower operation time when GMSK was used (which still should be seen as a standard usage). It is much more likely that in case of higher order modulations, the average output power of the MSs will be reduced according to the higher peak-to-average ratio of the respective signals.

· In [1] section 4, the reference sensitivity level for a normal BTS is taken directly from 3GPP TS 45.005 and is assumed to be -104 dBm (which is indeed stated into the latest version of 3GPP TS 45.005). However state of the art technology is enabling a much improved reference sensitivity level (e.g. -112 dBm). For such BTSs, the margin above the expected signal level as prescribed in the blocking requirement, and the one above the level of a co-channel interferer that would damage the BTS reference sensitivity level by only 3 dB, will be furthermore higher. This would therefore lead to a degradation of radio quality as the general noise level would be relatively higher than the reference sensitivity level of the BTS.
In contradiction of this argumentation, an improved reference sensitivity of the BTS receiver leads to an even larger desensitization by the wideband noise of the MS transmitters. This is described in detail in [6].

· Additionally, Nortel feel concerned with the deployment of wideband BTSs in networks where operators have scattered or unpaired spectrum (a NGMN requirement states that evolved networks should maximize the use of such spectrum). Blocking issues can be handled within a rather large band by re-allocating frequencies for example, but this control is quite uneasy when blocking issues are resulting from another operator’s frequency.

All calculations and argumentations have been done so far without assuming a special frequency allocation. Furthermore, the basis for the argumentation in [1] was the uncoordinated scenario where a BTS receiver is desensitized by the wideband noise of an MS transmitting to a far BTS belonging to another operator. In this argumentation, it does not matter if the channels are interleaved.

Intermodulation requirements

· GSM standard was initially foreseen to medium capacity systems. Sites of limited capacity were originally considered compared to nowadays networks. For long, the cabinets average capacity was of 6 TRXs, i.e. 2 TRXs per sector. With such configurations, the number of IM products is low. However, when considering higher capacities, the number of inter-modulation products becomes much higher and may result in a wideband noise spectrum that could significantly reduce the quality of the transmission and hence the QoS perceived by the user. As an example, let us consider an 8-8-8 system, with 4 carriers per antenna. As the number of transmitters in a reduced bandwidth is high, carriers spacing will need to be small. Let us consider a modern high power PA (63 W GMSK) with passive 4 ways coupling (7 dB losses from PA to BTS access). Increasing the IM requirement to - 60 dBc would result in transmitting inter-modulation products at:

48 dBm - 7 dB - 60 dBc = - 19 dBm.
Since the power level of the transmitted signal and the IM products have to be measured with different detectors (average vs. peak), the value of 60 dBc (in case of relaxation of the IM specification) cannot be applied directly to the power level of the BTS. Using the correction values for the carrier and the intermodulation components as described in [1], the power level difference between the carrier and the intermodulation components must be 79 dB (without relaxation) and 69 dB (with relaxation) if measured in the same bandwidth and with the same detector.

However more important is, as already described in [1], that the MS receiver generates IM products due to its own non-linearities. In any carrier configuration, the IM products of the MS will be on the same frequencies as those received directly from the BTS. As was shown in [1], the IM products of the MS receiver are much higher than those received from the BTS if the MS is close to the BTS. In [5], it is shown in several examples that even for higher MS-BTS distances, the impact of a relaxation by 10 dB of the intermodulation requirement has negligible impact on the SNIR and the throughput within a cell. In the example mentioned here, an even higher BTS output power was used compared to [1]. That means that the area is even larger in which the MS generates high IM products on its own.

· Considering a set of carriers equally spaced by DF frequency spacing, the resulting IM3 will be spread over a 3 x DF bandwidth on both sides of the transmit band. Also, IM3 products are spreading modulation spectrum over 3 times the original modulation spectrum, i.e. 600 kHz. Considering 65 dB MCL (Minimum Coupling Loss), this gives a continuous noise spectrum of - 84 dBm at MS antenna. This means a strong MS desensitization. With a 600 kHz frequency spacing, this will result in a noise spectrum as wide as 1.8 MHz. 65 dB MCL corresponds to a 470 meters free space loss at 900 MHz with a 20 dBi antenna gain. This also corresponds to 160 meters using Hata model. By comparison, the current specification guarantees a noise floor lower by 17 dB, i.e. - 101 dBm.
Using again the Walfish-Ikegama model for line of sight propagation, it seems again questionable how the value of 470 m was derived. If the 20 dB antenna gain was added to the 65 dB MCL, the following relations would apply:

85 = 101.7 + 26 log10 d [km]





-16.7 = 26 log10 d [km]

d [km] = 10 ^(-16.7/26)

d = 228 m.
This value is again much lower than stated in [4]. However, it is more important to mention again that the MS receiver generates the same type of IM products at the same frequencies as the BTS transmitter does. In the vicinity of the BTS, these MS own IM products are anyway much higher and for larger MS-BTS distances, the effect of the proposed relaxation becomes minor as is shown in [5].

· The system will compensate this by using less often dynamic power control steps, and operators should use lower static step attenuations. Operators could also compensate this high noise floor level by using higher RF output power amplifiers. This would imply more power consumption at the BTS, and higher field strength, which could be a severe issue in areas where local authorities are requiring RF power levels to be confined significantly below regulations directives.
As it was explained before, there will not really be such a “high noise floor” from the BTS as it is claimed (remember again that the MS receiver generates much higher IM products at the same frequencies than what it receives from the BTS, even in case that the BTS IM requirement was relaxed by 10 dB). Since this statement is not valid, neither the claimed consequence “higher BTS power consumption” is valid nor results a “higher field strength”. In contrast, if the BTS is allowed to generate IM products that follow the relaxed requirement, it means that for the same output power class, smaller power amplifier devices can be used operating at a lower backoff from the 1 dB compression point. This will even increase the efficiency of the BTS transmitters thus leading to reduced operational costs for the operators.

· Regarding the Alcatel’s proposal to relax some of the GSM radio requirements in 3GPP TS 45.005 & 51.021, Nortel would recommend to consider the reflections developed in the present contribution, , such as the likelihood of a blocking signal above the proposed levels and nearing -13 dBm to occur, the alignment of reference sensitivity levels with today products, the impact on high MCSs communications, the compatibility between wideband BTSs and scattered spectrum and the effects of increasing the threshold of the allowed intermodulation components.

The likelihood of a blocking signal is studied and described in [6]. In [6], also the reference sensitivity level of today's products is taken into account. Concerning the impact on high MCSs communication, [5] shows several simulation examples and demonstrates that the impact on throughput is truly negligible.

The scattered spectrum was already mentioned in the section about blocking. But also in the simulations done for the IM relaxation and described in [5], the worst case was assumed, namely that the IM product of a multi carrier BTS always falls on the same frequency as the MS receives the wanted signal from its own operator. Since these simulations did not assume any special carrier scenario, the carriers might be even interleaved. In most real life scenarios, the situation will be much better: when frequency hopping is not used, only a few carriers, if any, will experience interference from intermodulation products generated by the other operators' carriers; if frequency hopping is used, interference from intermodulation products will only arise from time to time, and the average effect will be much smaller. Again, our simulations correspond to the worst case situation where interference from intermodulation products is experienced constantly on a particular wanted carrier. In addition, it is worth to be noted here that we do not propose to relax IM specifications close to the carrier at offsets less than 1.2 MHz.
Conclusion

In this document, several concerns and comments from Nortel regarding the relaxation of the blocking and the intermodulation attenuation requirements were treated. It was shown that the topics described in [4] do not really speak against the relaxations. Therefore, it is still proposed that TSG GERAN WG1 and TSG GERAN agree on the principle of the relaxations.
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