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Additional investigations of possible system impacts of the proposed relaxations of some radio requirements

Blocking requirements

At GERAN# 31 meeting, the discussion paper [1] was presented in which it was stated that “the scenario around which the blocking requirement has been derived is totally unrealistic”. It was shown that if 10 MSs were in the immediate vicinity of a BTS owned by another operator, their cumulated noise emissions would desensitize the receiver of this BTS by something like 30 dB, making the blocking effect completely negligible. Therefore, in that paper it was “proposed to modify the blocking requirements for GSM 900 BTSs by aligning them to the blocking requirements for DCS 1800 and PCS 1900 BTSs, for all frequency offsets from the carrier”.

As reaction to this proposal, Ericsson and Nortel submitted discussion papers to the GERAN# 32 meeting in which they stated several concerns regarding the argumentation in [1] and recommended additional investigations. These concerns and recommendations are treated in the following and summarized in 
Table 1
.
Inconsistency between blocking requirements of the BTS receiver and wideband noise requirements of the MS transmitter at frequency offsets equal or higher than 6 MHz

In [3], Ericsson stated that in the argumentation of [1] the wideband noise requirement for 3-6 MHz offset was used and that it would be more relevant to use the requirement given for frequency offsets equal and larger than 6 MHz, where the limit is 6 dB lower. 

In order to consider the impact of this topic, the same type of calculation is done as in [1]: starting from the requirements on the MS spectrum due to modulation and wideband noise, specified in subclause 4.2.1, table a1) for GSM 900, we see that for frequency offsets equal or larger than 6 MHz from the carrier, the wideband noise generated by a small MS in a 100 kHz bandwidth is limited to a value of –71 dBc if the carrier level is measured in 30 kHz bandwidth. Applying the same conversion factors as in [1], this leads to a value of

-71 dBc – 4 dB = -75 dBc,

if the carrier and the noise are measured in the same bandwith of 30 kHz with average detector. If furthermore a transmit power of 33 dBm and a MCL of 59 dB is assumed, that means that the BTS receives a noise power (in 200 kHz) from the MS which is

33 dBm – 75 dBc – 59 dB = -101 dBm.

With a MIM = 10 dB, the BTS receives a noise floor at a level of 

-101 dBm + 10 dB = -91 dBm.

This level is still 10 dB higher than the level at which the wanted signal is received according to the blocking requirement (-104 dBm + 3 dB = -101 dBm). Compared to a co-channel interferer degrading the BTS reference sensitivity by only 3 dB (i.e. –113 dBm), this noise power is even 22 dB higher. Consequently we can state that the argumentation given in [1] is still valid for frequency offsets equal or larger than 6 MHz at which the wideband noise limit is 6 dB more stringent than at offsets between 3 and 6 MHz.

Impact of MS transmitters with lower noise than according to the specification

In its discussion paper [3], Ericsson also recommends to apply the typical performance of today’s mobiles. Already in 1999 it was stated by major mobile vendors that the performance is typically at least 3 dB better than the specification. A noise level that is 3 dB better than according to the specification means that at frequency offsets equal or larger than 6 MHz, this MS would fulfil a noise limit that is 74 dB below the carrier power. Applying the same conversion factors and the MIM as mentioned above leads to a noise level of –94 dBm (generated by 10 MSs). This noise level is still 7 dB higher than the level of the wanted signal (-101 dBm) and compared to the co-channel interferer level (-113 dBm), it is still 19 dB higher. As can be seen from these values, even if the MS transmitter over-performed the wideband noise specification further, the noise level would still be higher than the levels of the wanted signal and the co-channel interferer. Only if the wideband noise of the MSs was at least 10 dB better than according to the specification, their noise would start to be lower than the wanted signal and the co-channel interferer. In these calculations, it was assumed that the reference sensitivity of the BTS receiver is according to the specification. If the BTS receiver over-performs its reference sensitivity specification as well, the effect of the reduced noise level coming from the MSs is again compensated. This is shown in the next section.

Impact of BTS receivers with a reference sensitivity better than according to the specification

In [4], Nortel recommended among others “to take into account more elements for the simulations,”…”such as the alignment of reference sensitivity levels with today’s products”. Indeed, modern BTS receivers show a reference sensitivity that is significantly better than required in the standard. Let’s assume for the following considerations a reference sensitivity of –111 dBm which is 7 dB better than according to the standard. In this case, the cumulated noise level of 10 MSs (over-performing their wideband noise specification by 3 dB and near to a BTS receiver, as assumed above) stays at its value of –94 dBm.

For the better overview, the derived level differences between the wideband noise at 6 MHz offset and the wanted signal level on one side and between the wideband noise at 6 MHz offset and the co-channel interferer level on the other side, are listed in 
Table 1
.


	
	Wideband noise of 10 near mobiles is above the wanted signal level by…
	Wideband noise of 10 near mobiles is above the level of a co-channel interferer by…

	Situation if BTS RX and MS TX operate according to specification.
	10 dB
	22 dB

	Situation if MS TX has 3 dB lower noise than according to specification.
	7 dB
	19 dB

	Situation if MS TX has 3 dB lower noise than according to specification and BTS RX has 7 dB better sensitivity.
	14 dB
	26 dB


Table 1: Level differences between wideband noise at 6 MHz offset and wanted signal level as well as level differences between wideband noise at 6 MHz offset and co-channel interferer level, for different assumptions concerning the performance of MS transmitters and BTS receivers.

All in all, we come to the following conclusions:

· Going from 3 MHz offset to 6 MHz offset does not change the validity of the argumentation given in [1].

· MS transmitters that over-perform their wideband noise specification reduce the margin stated in this argumentation…

· …but the fact that today’s BTS receivers over-perform their reference sensitivity specification, too, compensates this effect again. With the values assumed, there is even an over-compensation, i.e. the wideband noise makes the desensitization due to blocking even more neglectible.

Taking into account these new considerations, it is proposed that TSG GERAN accept the proposed relaxation of blocking requirements for GSM 900 BTSs by aligning them to the blocking requirements for DCS 1800 and PCS 1900 BTSs.

Likelihood of a blocking signal of –13 dBm at a BTS receiver

In [4], Nortel recommended among others “to take into account more elements for the simulations,”…”such as the likelihood of a blocking signal of –13 dBm to occur”. In order to address this request, a simulation set-up was used in which a hexagon cell of radius 200 m was assumed. Within this cell, 10 MSs were placed randomly each operating with a power of 33 dBm. The propagation loss was modelled using a Hata model with parameters for f = 900 MHz:

loss = A + B log (distance/km)

with A = 120.9 dB and B = 37.6 dB. Slow fading was taken into account but fast fading was not modelled. Then the power values received at the BTS from each of the MSs were accumulated and the cumulative distribution function of this receive power was calculated. The result can be seen in Figure 1. All occurring receive power levels are less than approximately –40 dBm (confirming simulation results captured in TS 25.942; see e.g. subclause 8.1.3 ). Even if an additional value of 15 dB for fast fading was taken into account, the level of –25 dBm would never be exceeded.
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Figure 1: CDF vs. blocking level in case that 10 MSs are received by a BTS receiver.

Relaxation of the IM requirement and the impact on LTE/GSM coexistence

In [2], it was stated that the relaxation of the GSM IM requirement by 10 dB has no impact on the LTE/GSM coexistence because “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”. It was also mentioned that the GSM IM requirement is much more stringent than the UMTS ACLR requirement. The ACLR requirement limits the intermodulation floor to a value that is 50 dB below the carrier power (IM power in the alternate channel compared to power in the wanted channel). As it was shown in [1], 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).

This way of argumentation was questioned by Ericsson in [3]: “In Tdoc GP-062282 section 3.4 the GSM IM requirements are compared with ACLR requirements. This is probably not relevant as bandwidth and technology are different. For co-existence analysis we need to consider these differences”.

We believe that the argumentation using the ACLR requirement of UMTS is still valid and want to explain this in more detail: the ACLR requirement in UMTS limits the level of a floor coming from IM products. Note that in the alternate channel, the IM products can be seen as a more or less horizontal limitation very similar to a noise floor. This is due to the fact that UMTS uses W-CDMA signal with a bandwidth of 3.84 MHz.

Let's now assume that two GSM carriers and one carrier UMTS have to coexist. If all the carriers have the same power, then the UMTS carrier power spectral density (PSD) is 

10 log (3.84 MHz / 0.2 MHz) = 12.8 dB

below the PSD of the two GSM carriers. Consequently, the UMTS carrier generates a floor due to IM according to the ACLR requirement at 50 dB below its own PSD level, that means 62.8 dB below the PSD levels of the GSM carriers. The GSM carriers are allowed to generate an IM with a PSD that is 79 dB below their PSD levels. As a result, the IM due to GSM would be 16.2 dB below the floor that is generated by the UMTS carrier. With a relaxation of 10 dB, the GSM IM products would still be 6.2 dB below the level of the floor caused by the UMTS IM products.

From these calculations, we can see that the ACLR requirement of UMTS is indeed more relaxed than the IM requirement of GSM, even with the proposed relaxation by 10 dB. Therefore, the argumentation  in [2] for the LTE/GSM coexistence is from our point of view still valid. That means that the relaxation of the IM requirement by 10 dB has no impact on the LTE/GSM coexistence.
Conclusion

In this document, several concerns and comments from Nortel and Ericsson regarding the relaxation of the blocking and the intermodulation attenuation requirements were treated. It was shown that the relaxations would not lead to a degradation of the system performance. Therefore, the proposed relaxations of the blocking and the intermodulation attenuation requirements are maintained.
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