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Remarks to GP-070636 (Comments on relaxation) and to GP-070637 (GSM-R disruption) from Nortel Networks

Introduction

Since the GERAN# 31 meeting, Alcatel/Alcatel-Lucent submitted several discussion papers ([1] to [5]) to the GERAN community 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 Networks submitted [6] to [9] to the GERAN community. We are convinced that any relaxation of the GSM standard has to be addressed with great care. However, the arguments given in [6] to [9] do not take into account all the aspects relevant for the discussion. It is the aim of this paper to deal with the two latest contributions [8] and [9]. 

Remarks to GP-070636

In the following, arguments given by Nortel Networks in [8] are emphasized in italic and with bullet. The remarks from our side are stated directly afterwards.

· BTS sites are now capable of transmitting with higher RF power, PA output power have evolved from 20 W to 60 W.

Indeed, a trend towards increasing output power of base stations over the years can be observed. However, this fact even strengthens the argument mentioned in [1] that there is an inconsistency between the requirement of the BTS intra intermodulation attenuation and the linearity requirement of MS receivers. In [1], a BTS output power of 39 dBm was assumed for the calculations and it was shown that an MS operating at its linearity limit which is close to this BTS will generate self-made intermodulation products that are significantly higher than the intermodulations that the MS receives from the BTS. In [2] and [3], it was additionally shown that this argument is still valid if real MSs with better linearity than according to their specification are taken into account. In several simulation examples for different cell scenarios, it was also demonstrated that even for higher distances between MS and BTS, the proposed relaxation has negligible impact on the SNIR and the resulting throughput values. With an increased BTS output power, as mentioned by Nortel Networks, the intermodulations generated by the BTS increase by the same amount as the output power (keep in mind that the intermodulation products are specified as dBc value, i.e. relatively to the carrier power) whereas the intermodulation products in an MS receiver increase by three times of the BTS power increase (due to the third order non-linearity within the MS receiver). All in all, the trend towards higher BTS output powers increases the inconsistency mentioned in [1].

· Sensitivity has been dramatically improved, reference sensitivity was set at – 104 dBm, current BTS reach – 112 dBm sensitivity, Mobiles units may reach as low as – 107 dBm.

As it was already described in [2] and [4], a higher receiver sensitivity than according to the specification leads to an increased inconsistency between the blocking requirements of the BTS receiver and the wideband noise requirement for the MS transmitter. In [4], it has also been demonstrated that even with MSs that over-perform their wideband noise requirement, this inconsistency is not solved. On the contrary: the wideband noise of MS transmitters has not improved by the same amount as the BTS receiver sensitivity has improved. As a result, the inconsistency mentioned in [1] has become even worse.

· It was taken advantage of these improvements to increase cell coverage, and to maintain good communication quality in difficult situations such as lifts (often metallic) or below grounds levels (parking lot).

In fact, higher BTS output power as well as improved sensitivity of the receivers can lead to higher cell coverage. However, this is in case of “ideal” circumstances. As it was described above, both improvements (higher BTS output power and higher sensitivity) also lead to higher inconsistencies between different specifications. Therefore, the proposed relaxations of the intermodulation attenuation and the blocking requirements would even have less impact on the system than what was already described in [1] to [5].

· Sites configurations are now much bigger than what was thought of originally, some sites having now 16 transceivers per sector.

More carriers per BTS lead to even more self-made intermodulation products in the MS receivers around the BTS. Thus, the inconsistency between the BTS intermodulation attenuation and the MS Receiver linearity is even higher than described in [1]. The proposed relaxation of the intermodulation attenuation is even more negligible than stated in [1].

· Densification in large cities has pushed for cell radius as low as 200 meters as stated in [11; remark: number changed].

This was taken into account by using the Walfish-Ikegami propagation loss model.

· Also, new modulations schemes are now appearing to provide enhanced data rate and throughput.
New modulation schemes will have higher peak-to-average ratios which could lead at a first glance to higher blocking problems. However, power amplifiers in MSs have a certain maximum output power. If a signal with higher peak-to-average ratio is applied, the power amplifier has to be operated with less average output power. All in all, new modulation schemes with higher peak-to-average ratio lead to reduced output power of the MSs and thus, the probability of large blocking signals is even less than in case of GMSK modulation.

· GPRS results in more continuous transmitting with up to 4 Bursts in a row which gives a higher probability of simultaneous MS transmission.

In the calculations and simulations done so far, it has always been assumed that the transmitters are operated at full power all the time. Therefore, the mentioned GPRS case would be even less critical than what was assumed in the simulations and calculations.

· EDGE has introduced 8PSK modulation with 3.2 dB PAR (Peak over Average Ratio).

The same arguments apply as for other modulation schemes (see above) that have higher peak-to-average ratio than GMSK.

· Higher data rates are possible and can be used when link quality is high. Therefore, data rate is highly dependant on communication quality which is largely governed by signal over noise and carrier over interferer ratios (C/N & C/I).

For example with state of the art of EDGE MCS handling, 

· with C/I = 20 dB, loosing 5 dBs may lower data rate from 50 to 40 kb/s, by moving down by two MCS levels, such as 9 to 7,

· with C/I = 15 dB, loosing 5 dBs may lower data rate from 28 to 15 kb/s, by moving down by two MCS levels, such as 6 to 4.

It is no question that data rates will decrease significantly when the C/I is reduced by 5 dB. However, in [3] it was derived in several simulation scenarios that such C/I degradations of 5 dB will not occur in practice (even in small cells only in an extremely small area around an interfering BTS, see [3]).
· New GERAN evolutions are now on the way with 16 QAM & 32 QAM modulation schemes, for which PAR may reach 5.8 dB. These will be even more sensitive to link quality.

Concerning the blocking requirements, it has already been stated that average output powers will be smaller compared to GMSK and therefore, blocking problems will have less probability than with GMSK (see above). Concerning intermodulation attenuation, the argument is still valid that MS receivers will (due to their own non-linearity) generate higher intermodulation products than what they receive from a close BTS. It has been shown that even with 10 dB higher linearity than according to the MS specification, the MS receiver generates higher IM3s than it receives from a BTS with relaxed intermodulation requirements. 

· Also, GSM quality and costs have pushed to uses where quality is even more important, such as GSM-Railways, where GSM supports secured communications where down time must be kept at a strict minimum for safety reasons.

Indeed, R-GSM as a “non-public” application of GSM plays a special role due to its security constraints. In the latest Alcatel-Lucent contribution to the GERAN# 34 meeting [10], it is shown that in different scenarios the likelihood of a very high blocking signal of –13 dBm is very small. The likelihood at –25 dBm is higher by a negligible amount (even when worst case situations are assumed). Consequently, the danger of call drops will in reality not increase. However, while this negligible increase of likelihood of a blocking situation will have no impact in “public” GSM systems, we understand that operators of railway networks are not willing to accept any change of today’s situation due to the need to maintain the maximum possible security for the railways. From our point of view, this need could be addressed by splitting the blocking requirements for R-GSM from those for the “public” GSM bands (P- and E-GSM). Then, only the blocking requirements for the “public” GSM bands would be aligned to the blocking requirements of DCS 1800 and PCS 1900 while the R-GSM would be untouched. Taking into account the different usages of “public” GSM and R-GSM, we believe that such an approach would be a reasonable compromise to align the blocking requirements for “public” GSM to reality and solve the inconsistency towards the wideband specification for MSs. The proposed split between P- and E-GSM on one side and R-GSM on the other side can be seen in 
Table 1.
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	in‑band

600 kHz ( |f‑fo| < 800 kHz
	75
	‑38
	70
	‑43
	87
	-26
	78
	-35
	70
	‑43
	78
	‑35

	800 kHz ( |f‑fo| < 1,6 MHz
	80
	‑33
	70
	‑43
	97
	-16
	88
	25
	70
	‑43
	88
	‑25

	1,6 MHz ( |f‑fo |< 3 MHz
	90
	‑23
	80
	‑33
	97
	-16
	88
	-25
	80
	‑33
	88
	‑25

	3 MHz ( |f‑fo|
	90
	‑23
	90
	‑23
	100
	-13
	88
	-25
	87
	‑26
	88
	‑25

	out‑of‑band
	
	
	
	
	
	
	
	
	
	
	
	

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

	(b)
	‑
	‑
	‑
	‑
	‑
	‑
	‑
	‑
	101
	‑12
	‑
	‑

	(c)
	‑
	‑
	‑
	‑
	‑
	‑
	‑
	‑
	101
	‑12
	‑
	‑

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

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



Table 1: Proposal for modified blocking requirements in GSM 900 with split between BTSs for R-GSM and P- and E-GSM.

· Contribution [11; remark: number changed] has considered several path loss models. It is essential to understand that these models have been derived from statistics gathered in the field. 

Cost Hata works best for distances beyond 1 km, while Walfish Ikegami (suggested in [11; remark: number changed]) has a better fit for smaller distances. Walfish Ikegami includes also scattering effects from building tops and street corners; however, this is only valid for mobiles below the height of the BTS antenna.

Since there are different application cases for the Hata and the Walfish-Ikegami models depending on the MS-BTS distance, in the contributions [3] and [10] the model has been chosen which is better suited in the respective scenario. We believe that these models are suited since most MSs will normally be situated below the height of the corresponding BTS antenna.

· Also, these models are aiming at depicting the average scenario, therefore, extremes situations are not considered. Network densification associated to small cell radius pushes these to the limit where strong deviation from the model is more likely to happen than with low densification and longer range. The lowest path loss is line of sight scenario which is always to be taken into account when considering small cells. In a city, a worst case scenario is direct view with a large reflector that could present a 3 dB higher than free path loss. This has been seen in the situation depicted in [9; remark: number changed]. 

Although these models depict average scenarios, in the simulations done for [3] worst case situations have been taken into account by assuming that the interfering BTS is always transmitting at maximum output power at all times and that the occurring intermodulations fall at all times onto the frequency used by another BTS to serve a far MS. Even with these extreme assumptions, it could be shown that the system impact of the proposed relaxation of the intermodulation attenuation is negligible.

For the simulations done for [10], a rather high number of MSs was assumed, all transmitting at full power at all times. The horizontal antenna pattern was used to calculate all received power values. Usually, an MS close to a BTS would not be in the main lobe of the BTS antenna as it was assumed in the simulations. That means worst case situations were taken to derive the results, too.

· As such, MCL (Minimum Coupling Loss) as considered in [1] must be considered versus real conditions. In the "blocking" section, MCL is 59 dB. A 20 dBi antenna gain would therefore result in 39 dB path loss, which in free space corresponds to 250 m.

This statement is in contradiction to what was stated in [7]: “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”.

Furthermore, the value of 250 meters can once more not been obtained if the Walfish-Ikegami model is used (here simplified model with pure line of sight propagation loss, i.e. leading to minimum path loss, therefore no value for antenna height is required):

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 39 dB occurs if the following relations apply:

39 = 101.7 + 26 log10 d [km]





-62.7 = 26 log10 d [km]


d [km] = 10 ^(-62.7/26)



d = 3.9 m.

This calculation leads to a result that is below the limit for which the model is applicable. But even if a high “unsecurity factor” is additionally taken into account, the calculation still shows that the mentioned value of 250 meters is rather unrealistic. Even, a value of 59 dB path loss would result in a distance of approx. 23 meters which is close to the limit for which the model is applicable. Therefore, we come to the conclusion that the MCL as stated in [8] must be assumed much higher than 39 dB. This means that the area in which an MS will cause a large blocking signal at the BTS receiver is much smaller than what the statement in [8] could imply.

Additionally, 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 in [1]. Note that the likelihood of receiving the wideband noise from an MS and the likelihood of receiving its blocking signal are related to each other.
· MCL in IM scenario is set at 65 dB. With a 20 dBi antenna gain, this corresponds to – 45 dB free space loss, which corresponds approximately to 470 m.

Using again formula

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

a path loss of 45 dB occurs if the following relations apply:

45 = 101.7 + 26 log10 d [km]





-56.7 = 26 log10 d [km]


d [km] = 10 ^(-56.7/26)


d = 6.6 m.

This is again much less than 470 meters. Again it has to be stated that the argument given in [1], namely that an MS receiver will generate much higher intermodulations due to its own non-linearity than what it receives from the BTS, is still valid.
· It is essential to understand that such short distances are very common in dense urban environment since cell sites are often placed on roof top with very short cell radius, down to 250 m. These distances ranges that are actually shown in the field imply important deviations from the models referenced previously. It is very likely that MSs will be in direct visibility of the cell site. This is especially the case with professional uses such as R-GSM, where mobiles are located much higher than what standard models consider.

As derived above, these distances are in any case much smaller. It is furthermore not clear why important deviations from the used models imply if the values given in [8] (250 and 470 meters) were assumed. In addition, the models used so far for simulations have ever assumed direct visibility.

· Considering a 59 dB MCL, with a 33 dBm mobile, the blocker is received at the BTS with:

33 dBm – 59 dB = - 26 dBm level.

Assuming 10 dB RF power summation effects of 10 mobiles gives a – 16 dBm level, which is 3 dB below the specification (-13 dBm). This scenario appears as not likely to happen.

We agree that such a scenario is not likely to happen.

· Let us consider classical GMSK signals:

Two signals with same RF power when superposed, will peak at + 6 dB, and four simultaneous RF signals with same RF power will result in + 12 dB, and so on. With only 4 simultaneous transmitters, the blocking will reach:

33 dBm – 59 dB + 12 dB = - 14 dBm

Ten superimposed carriers would have a peak power higher by 20 dB as compared to each RF carrier taken independently. However, the associated CCDF curve should conclude at a small probability to occur.
We agree that a high receive level can occur in principle from time to time, however with a very low likelihood. If the blocking requirement should really avoid the absolute worst case scenario, then even a value of –13 dBm would be too relaxed. With the calculation given in [8], the maximum level would be – 6 dBm in case of 10 MSs. Note that in [10], new simulations of the likelihood of blocking signals are presented that show the very low likelihood of high blocking signals.

· Let us now consider the effect of 8PSK used with EDGE:

8PSK modulation has a 3.2 dB PAR (Peak to Average Ratio). Therefore, two mobiles will result in:

33 dBm – 59 dB + 6 dB + 3.2 dB = - 16.8 dBm,

Four mobiles will result in:

33 dBm – 59 dB + 12 dB + 3.2 dB = - 10.8 dBm.
As mentioned earlier, MS power amplifiers are limited concerning their maximum output power. Therefore, 8PSK signals will be generated with an average output power that is reduced by the peak-to-average ratio of the signal. That means in the equations above, an additional back-off in the range of the peak-to-average ratio has to be subtracted. As a consequence, the derived receive levels are 3.2 dB lower.

· Also, applications such as R-GSM and professional networks are using higher RF power mobiles, up to 8 watts, i.e. 39 dBm, with a 2 dB antenna placed at 8 meters from the ground, which results in:

39 dBm + 2 dB – 59 dB = - 18 dBm

with a single mobile transmitting in GMSK.

A simulation assuming such high power MSs is provided in [10]. Theoretically, very high receive levels can occur in worst case situations, but the likelihood is negligible.

· New trends may even further damage radio environment. With 16 QAM/32 QAM where PAR will be 5.8 dB, therefore, only two mobiles would be enough to deliver:

33 dBm – 59 dB + 6 dB + 5.8 = - 14.2 dBm

With the argument that the MS power amplifier is limited concerning maximum output power, the equation has to be corrected by 5.8 dB, thus leading to much lower receive level.

· Also, considering GPRS use (EGPRS for example) where a mobile may be transmitting half of the time, this scenario is much more likely to happen than originally considered.

In the simulations provided in [10] and earlier, it has always been assumed that an MS transmits at full power all the time. This is an even worse case than mentioned in [8] for GPRS.

· Document [1] reminds that blocking specification is not consistent with mobiles spectrum mask specifications. It is likely that mobile stations performances are better than the corresponding requirements. Mobile transmitted signal spectrum due to modulation and wideband noise is resulting from three main contributors, modulation accuracy, local oscillator spectrum and transmit chain noise floor. Local oscillator is naturally low to comply with blocking specification. Modulation quality and transmit chain noise floor have been improved to cope with 8PSK modulation. This will to be further improved for 16 QAM/32 QAM modulations with even higher PAR (5.8 dB).

In [4], the effect of MSs over-performing their noise specification has already been investigated.

· In the first rationale [1] it was suggested a relaxation of inter modulation products levels from – 70 dBc peak to – 60 dBc peak as measured in a 300 kHz bandwidth. This was further strengthened in [3; remark: number changed] based on Walfish Ikegami model, concluding with a low impact on cell throughput.

It is essential to remember that even though statistical models are of common use to design a network, they do not depict the worst case scenarios. Also, nowadays, cellular networks are subject to a very high density. A single roof top may host two or three BTS sites from different operators, each site having a high number of transmitters with high RF power. Relaxing the specification by 10 dB could have a significant impact on service availability.
Again, the problem is still the inconsistency towards the linearity requirement of MS receivers. This inconsistency exists even today with MSs over-performing their linearity requirements and is even higher when the MS receives more and/or stronger carriers.

· In [1] a 39 dBm transmitter was considered, which corresponds to 48 dBm (63 W) as delivered by the power amplifier with 7 dB coupling losses from PA to antenna. This is typically what can be obtained with an S 8-8-8 configuration in which 4 PAs are coupled to each antenna of a sector with two antennas per sector. This assumes that the BTS is close to the antennas, which is very common in large cities.

As outlined in the same contribution, - 70 dBc peak power corresponds to – 80 dBc average in 200 kHz bandwidth.

Two Tx transmitting at 39 dBm will therefore result in:

39 dBm – 80 dBc – 65 dB = - 106 dBm in 200 kHz.

This is 1 dB higher than modern MS sensitivity, giving 3 dB desensitization.

This must be extended to a scenario with 4 transmitters. With 600 kHz frequency spacing, each antenna would radiate two times this value (+ 3 dB average) at 600 kHz offset from the carrier at edge of the multiplex, and this level extends to 3 times the frequency spacing. The summation occurs inside the BTS or in the air.

It is worth to notice that third order inter-modulation product spreads over three times carrier modulation bandwidth, i.e. 1.8 MHz with GSM, the total effect is some kind of a continuous spurious floor.

A scenario with two antennas with similar transmission characteristics and additional co-located BTSs would result in a very significant noise level, high enough to desensitize mobiles stations in a wide area around the cell site.

Anyway, the MS will generate more intermodulation products at the same frequencies due to its own non-linearity than what it receives from the BTSs.

· This analysis is done for average RF power. The effects associated to peak RF power could even lower average throughput since some bursts could be much more impacted.

Such high level of noise may also significantly reduce the range where high data rate are available with EDGE.

In fact, relaxing the inter-modulation specification by 10 dB could increase the actual noise floor level by more than 10 dB. Today, the majority of the GSM BTSs are using single carrier transmitters with passive devices to ensure signals combination before the antenna connector. This naturally generates low inter-modulation products since no active devices are used from RF power generation to BTS output. Relaxing the specification by 10 dB would allow the use of wideband amplifiers, such as the ones used for UMTS, to amplify simultaneously several GSM carriers. Traditionally, IM generation is the limiting factor of wideband power amplifiers. Therefore, these transmitters would be close to the authorized unwanted emissions. Such a technical evolution would then result in increasing the actual noise floor above what the proposed relaxation seems to allow, thus deteriorating the overall quality of service significantly beyond what was expected.

Of course, wideband amplifiers still have to fulfil the requirement “spectrum due to modulation and wideband noise”. If the application of wideband amplifiers would rise new problems, it would mean that the requirements especially for the wideband noise are not sufficient up to now. It has also to be pointed out that even today, the wideband noise of neighbouring BTSs will also add due to air combining and may result in a value that is above the limit for a single transmitter.

· The – 70 dBc specification has been identified as being in contradiction with Mobile Stations IM rejection.

However, modern terminals are providing much better performances than what was specified with the first aim of improving overall communication quality. Furthermore, modulations such as 8PSK with 3.2 dB PAR and 16 QAM/32 QAM with 5.8 dB PAR are requiring a much higher linearity and dynamic range compared to what was needed with GMSK. A 5 dB C/I loss may significantly reduce the expected data rate:

with C/I = 20 dB, loosing 5 dBs may lower data rate from 50 to 40 kb/s (from MCS 9 to 7),

with C/I = 15 dB, loosing 5 dBs may lower data rate from 28 to 15 kb/s (from MCS 6 to 4).

See above.


Remarks to GP-070637

In [9], Nortel Networks provided a description of a disrupted R-GSM application. It is shown that in a detailed investigation it was found out that the disruption comes from a large number of carriers in the E-GSM band. It is further stated “Finally, when a 10 dB attenuation is introduced, the signal strength in the R-GSM band is reduced by 30 dB, whereas it is reduced by 10 dB in the E-GSM band.” We assume that the 10 dB attenuator was inserted in the measurement equipment and not at the interfering E-GSM band BTSs. In this case, it means that the large intermodulation products were caused within the measurement equipment due to over-driving e.g. of the used spectrum analyser. If the intermodulations came from the BTSs, they would also have been attenuated by 10 dB and not by 30 dB.

Our conclusion is that the disruption in the R-GSM application had the same background as the over-driving of the measurement equipment: Due to a number of strongly received E-GSM carriers, the R-GSM MS was presumably over-driven. This is due to the non-linearity of the R-GSM MS. This is another prove of the argument given in [1], namely that MS receivers generate higher intermodulation products due to their own non-linearity than what they receive from the BTSs. Consequently, the described case of an R-GSM disruption is a further prove of this statement. It can be stated further that a relaxation of the intermodulation requirements would not have been visible compared to the large intermodulation products generated in the measurement equipment.

Conclusion

In this document, several concerns and comments from Nortel Networks regarding the relaxation of the blocking and the intermodulation attenuation requirements were treated. It was shown that the topics described in [8] and [9] do not speak against the relaxations. Therefore, it is still proposed that TSG GERAN WG1 and TSG GERAN agree on the proposed relaxations.
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