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1. Introduction

In order to better understand the relationship between UE ACIR and its impact on reverse interference to the system interfering with the WCDMA DL, this document presents further information concerning signal levels for various parameters in the two systems. 

2. Desensitisation of WCDMA DL and GSM UL

Two systems, one WCDMA and one GSM, are in adjacent frequency channels. These systems are assumed to be deployed with the base stations at the cell boundaries of the other system. This deployment is referred to as “anti-location,” e.g. worst-case positions. It causes the most severe interference situation in that the WCDMA UE is encountering the most interference from the GSM DL when it is suffering its largest path loss to its own serving base station.

Because there are two systems involved, there are other signal paths to examine. So, while we are focusing on the WCDMA DL performance in the presence of a GSM DL in the adjacent frequency channel, we should also examine the other interference conditions. In this case, the interference from the WCDMA UE into the GSM UL path will be of concern.

The graphs below show the interference to both the WCDMA UE and the GSM BS versus the path loss from the WCDMA UE to the GSM BS and for various other parameter values. We display the data versus the path loss to the interfering BS because this better illustrates the system degradation versus the critical parameter of interest—i.e., the so-called “dead-zone” in the WCDMA DL and base station blocking probability in the GSM UL in terms of desensitisation.

Please note that the results shown below do not depend on the cell size of the WCDMA system. This is strictly an analysis of the events between the interfering BS and the WCDMA UE. The relationship to the WCDMA cell is shown in the section 3.
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The parameters in the above graph are:

· –30 dB@2.7 MHz ACIR in the WCDMA UE receiver, 

· –30 dB@2.7 MHz out of band signal into the GSM bandwidth from the WCDMA UE transmitter. 

The –30 dB out of band emissions occurs at 2.7 MHz offset from the WCDMA UE carrier center frequency, as noted in [2].

In this case, the WCDMA DL has 3 dB more desensitisation than the GSM UL for any given WCDMA UE to GSM BS path loss point. This means in practice that it is the DL, which will dominate the behaviour of interference between these 2 systems, and which can prevent the base station blocking. 

The further desensisation of BS is demonstrated in the graph below. This graph shows the desensitisation for the conditions:

· –48 dB@2.7 MHz ACIR in the WCDMA UE receiver,

· –30 dB@2.7 MHz out of band signal into the GSM bandwidth from the WCDMA UE transmitter. 
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Now the GSM UL suffers 14 dB more desensitisation than the WCDMA DL for any given WCDMA UE to GSM BS path loss. The increased interference to the GSM UL occurs because the WCDMA UE can now detect its own serving BS when it is much closer to the GSM BS. Because the path loss between the WCDMA UE and the GSM BS is the same for DL and UL directions, it follows that being able to operate under the conditions of higher interference from the GSM BS means higher interference from the WCDMA UE out of band emissions in the reverse direction to the GSM BS receiver.

The next graph shows the added benefit of matching WCDMA UE selectivity (ACIR) to that of the WCDMA UE out of band emissions from the UE transmitter. At higher offset frequencies from the WCDMA UE carrier frequency, the out of band emissions will decrease. In fact, at 3.5 MHz the UE out of band emissions will be –41 dB. Using that figure and the previously proposed –43 dB UE ACIR, the following graph is obtained.
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This graph above shows the desensitisation for the conditions:

· –43 dB ACIR in the WCDMA UE receiver, 

· –41 dB out of band signal into the GSM bandwidth from the WCDMA UE transmitter. 

Now the GSM UL and WCDMA DL suffer equal desensitisation at any given WCDMA UE to GSM BS path loss.

Implications of the desensitisation amounts shown in section 2

The implications of 10dB or 20dB desensitisation can now be explored. We can show the population of WCDMA UE’s in a given deployment and from that determine how much desensitisation can be tolerated. The following graph is from document [1]. The WCDMA cell size is 2.4km with GSM interference with ACIR = -30 dB.
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Since the minimum detectable DPCHEc [dBm] is –115 dBm, the x axis can be translated into an amount of desensitisation that can be tolerated by subtracting –115 dBm from it. Thus, -110 dBm becomes 5 dB desensitised, -100 dBm becomes 15 dB desensitised, etc. All of the population of WCDMA UE’s for a cell size of 2.4km with an ACIR of –30 dB to the GSM interfering system (turned on) could operate with a desensitisation of 17dB. Note that this includes all fading cases and assumes all WCDMA UE’s have only –30 dB ACIR regardless of frequency offset—a very pessimistic case.
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Reproducing the first graph with –30dB ACIR, 17dB desensitisation (the green line on the graph above) occurs at a WCDMA UE to GSM BS path loss of 93 dB. The WCDMA UE with the worst-case path loss would be jammed at a radius of 130 m from the GSM BS. However, remember that it is already causing 14 dB desensitisation of the GSM BS receiver at that time.
Also, it should be noted that the same 17dB desensitisation in the following graph with –43dB ACIR and –41 dB out of band emissions occurs at a WCDMA UE to GSM BS path loss of 80 dB. This path loss occurs at approximately 50m radius from the GSM BS. The value –43dB ACIR has been proposed as the requirement for 3.5MHz as part of the IMD requirement. Thus, some of the WCDMA UE’s will be able to communicate while closer to an interfering GSM BS when the interfering frequency offset is  more than the minimum amount.




3. Desensitisation of GSM DL and WCDMA UL

Similarly we can derive the behaviour of GSM DL and WCDMA UL blocking behaviour. We first study the case of closest carrier at 2.7 MHz offset. In this case the WCDMA BS emissions to GSM 200 kHz channel is -49 dB from [2], and GSM UE emissions to WCDMA BS 3.84 MHz channel is -50 dB, as noted in TR 25.885. GSM UE selectivity can be assumed to be in order of –49 dB at 600 kHz offset, which will mean that the contribution from WCDMA BS emissions and GSM UE selectivity is equal. The results are shown in the table below. In the graphs to follow, the path loss is from the WCDMA BS to the GSM UE.




When considering same path loss levels as for the other direction, it can be noted that with 93 dB value, the DL is desensitised by 13 dB, which will make the probability is negligible that UL direction is blocked. 

Similarly we can study the impact of WCDMA BS to the GSM DL in 3.5 MHz offset point.

In this case the WCDMA BS emissions are at –60 dB, and GSM UE selectivity is even further improved (-60 dB). GSM UE TX emissions are slightly improved, but in practice we can assume them to be same as previous case. 



Results again indicate that the probability of UL blocking is negligible, but higher that previous case since GSM UE emissions weren’t assumed to improve much.

4. Conclusions

From above, we conclude that an excess of WCDMA UE ACIR can lead to disruptive behaviour to adjacent cellular systems. An excess ACIR is this case, is seen to be an ACIR that is greater in value than the out of band emissions behaviour of the WCDMA UE transmitter. In fact, the two values should match each other at any given frequency offset from the WCDMA carrier center frequency.

Thus, for requirements at 2.7 and 3.5 MHz offset frequencies, the out of band emissions requirements are –30 and –41 dB, respectively. Therefore, the ACIR values should be those same values at the respective offset frequencies—that is     -30 dB at 2.7 MHz offset and –41 dB at 3.5 MHz offset. Thus, the values of –30dB at 2.7MHz and the implied value of –43dB at 3.5MHz offsets are reasonable values when put in the context of:

· Both cellular systems coexisting on a mutually beneficial basis, and 

· Little or no hard-blocking at a reasonable distance is experienced in the UL when the WCDMA cell size is the 2.4km agreed upon for a severe test 

In case of GSM DL and WCDMA UL the same behaviour as the other case was noted. In this case the dominant parameter is the WCDMA BS emissions, which will define the DL blocking probability of GSM UE. Significant margin was shown before WCDMA UL would be affected.

Since no set of systems is likely to be deployed fully in “anti-location”, the performance results will be better than shown.
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												100		-70		-120		-103

												105		-75		-125		-103

												110		-80		-130		-103

												115		-85		-135		-103

												120		-90		-140		-103

												125		-95		-145		-103

												130		-100		-150		-103

												135		-105		-155		-103

												140		-110		-160		-103

												145		-115		-165		-103

												150		-120		-170		-103

												155		-125		-175		-103

												160		-130		-180		-103

												165		-135		-185		-103

												170		-140		-190		-103





Link balance

		Desensitization

						UL						DL

		Path loss		Cell size (km)		Thermal noise		Interference due to UE wideband noise		UL desens		Thermal noise		Interference due to UE ACS and emissions		DL desens

		dB				dBm		dBm		dBm		dBm		dBm		dBm

		50		0.01		-103		-70		33		-110		-64		46

		55		0.01		-103		-75		28		-110		-69		41

		60		0.02		-103		-80		23		-110		-74		36

		65		0.02		-103		-85		18		-110		-79		31

		70		0.03		-103		-90		13		-110		-84		26

		75		0.04		-103		-95		9		-110		-89		21

		80		0.05		-103		-100		5		-110		-94		16

		85		0.07		-103		-105		2		-110		-99		11

		90		0.10		-103		-110		1		-110		-104		7

		95		0.13		-103		-115		0		-110		-109		4

		100		0.18		-103		-120		0		-110		-114		1

		105		0.24		-103		-125		0		-110		-119		1

		110		0.33		-103		-130		0		-110		-124		0

		115		0.45		-103		-135		0		-110		-129		0

		120		0.61		-103		-140		0		-110		-134		0

		125		0.83		-103		-145		0		-110		-139		0

		130		1.12		-103		-150		0		-110		-144		0

		135		1.53		-103		-155		0		-110		-149		0

		140		2.07		-103		-160		0		-110		-154		0

		145		2.81		-103		-165		0		-110		-159		0

		150		3.82		-103		-170		0		-110		-164		0

		155		5.19		-103		-175		0		-110		-169		0

		160		7.05		-103		-180		0		-110		-174		0

		165		9.58		-103		-185		0		-110		-179		0

		170		13.01		-103		-190		0		-110		-184		0
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