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Blocking impact of ER-GSM band introduction 
1 Introduction
Introduction of ER-GSM band for GSM-R has raised questions about impact on already deployed systems. A Work Item has been set up in order to cover those aspects.
A first contribution has been done during GERAN#52, and some comments have been formulated in [R4]. This contribution is an update of GP-111558 and takes these comments into account and brings precisions about assumptions.

Since the beginning of GSM system development, several frequency band evolutions have occurred: first the extension of P-GSM band to E-GSM band did widen RF bandwidth by 10 MHz, later on R-GSM band was introduced to provide 4 MHz bandwidth for railways application in Europe. As a consequence, the original 20 MHz guard band between Uplink (UL) and Downlink (DL) has been reduced by 14 MHz since the initial GSM specification. It is important to note that these introductions went through without any issue in spite of a 70% reduction of UL/DL guard band. The new evolutions make another 3 MHz RF bandwidth available for European Railway use in ER-GSM band, provided that those frequencies are granted by the National regulator. With this new introduction, the guard band between UL and DL is now 3 MHz.
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Figure 1: 900 MHz frequency bands
· P-GSM is primary frequency band: this is the original band dedicated to GSM

· E-GSM is the extended band formed by the P-GSM band and a 10 MHz extension
E-GSM has been introduced after GSM first definition

· R-GSM is a band introduced later in Europe intended for harmonized Railway applications
Even though R-GSM is composed of the whole band, Railway applications in Europe are only deployed in the 4 MHz extension.

· ER-GSM is an extension band for R-GSM authorized by ECC/DEC/(04)06 and subject to national Regulator approval
This is a 3 MHz extension aiming at resolving capacity issues for railway in Europe
Mean while, two classes of Multi Carrier BTS (MCBTS) have also been introduced: MCBTS class 1 and MCBTS class 2, later on regrouped in one definition. Blocking on BTS receiver side and spurious on emission side specifications have been relaxed to allow the use of these new technologies such as blocking on BTS receiver side and spurious on emission side. As this introduction occurred more recently, it is assumed that impact on already deployed systems have been assessed as being negligible.

This contribution is exploring current specification consistency and proposed coexistence scenario to assess ER-GSM systems introduction impacts on E-GSM installed base. As detailed in the specification reminder section, one important aspect is the low UL to DL guard band which could be an issue since an ER-GSM BTS can transmit at a 3 MHz frequency offset from edge of UL band. It is therefore a BTS to BTS coexistence scenario in an uncoordinated scenario. This is scenario 5 of [R2]:
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Figure 2: BTS to BTS isolation scenario
In this contribution the assumption that ER-GSM at permanent full power transmission occurs at bottom of ER-GSM band (918 MHz) was made. However, it is to be noted that this is not likely to happen: for interoperability purposes and as ER-GSM band is not harmonized throughout Europe those frequencies could never be used to bear a BCCH as a foreign train equipped with legacy R-GSM system would be segregated. For this reason, a BCCH should not use a channel of the new band, and only non steady carriers will be used in the 918-921 MHz segment. The only scenario that would contradict this assumption would be the deployment of ER-GSM cells in shunting yards.
2 3GPP specification reminder and state of the art system parameters
This section summarizes BTS receiver blocking and inter-modulation performances, transmitted power capability and review commonly admitted GSM engineering parameters.
2.1 Frequency band definition
Overall frequency plan is as follows:
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Figure 3: 900 MHz UL/DL frequency arrangement
Up Link (UL) is actual BTS receiving band, Down Link (DL) is actual BTS transmit band.
2.2 In-Band definition from 3GPP 45.005 specification
In-band is the frequency band to be considered for blocking test of BTS receiver, as defined in table 5.1-1a of 3GPP TS 45.005 ([R1]):
	
	Rx Band
	Rx in-band
	Tx Band
	Comment

	P-GSM
	890-915 MHz
	870-925 MHz
	935-960 MHz
	10 MHz margin from Rx in-band to Tx band

	E-GSM
	880-915 MHz
	860-925 MHz
	925-960 MHz 
	No margin from Rx in-band to Tx band

	R-GSM
	876-915 MHz
	856-921 MHz, 
	921-960 MHz 
	No margin from Rx in-band to Tx band

Tx band overlaps with E-GSM Rx In-Band by 4 MHz


ER-GSM band could be defined as follows:

· Tx band = 918-960 MHz / Rx band = 873-915 MHz / Rx in-band = 853-918 MHz

· ER-GSM Tx band would overlap with E-GSM in-band by 3 additional MHz

2.3 Blocking specification
	Frequency
	GSM 400, T-GSM 810, P-, E- and R-GSM 900
	DCS 1 800 & PCS 1 900



	band
	other MS
	small MS
(Note 2)
	BTS except multicarrier BTS
	Multicarrier BTS 
(Note 3),
(Note 5)
	MS
	BTS except
multicarrier BTS


	Multicarrier BTS

(Note 3),

(Note 5)

	
	dBµV
	dBm
	dBµV
	dBm
	dBµV
	dBm
	dBµV
	dBm
	dBµV
	dBm
	dBµV
	dBm
	dBµV
	 dBm

	
	(emf)
	
	(emf)
	
	(emf)
	
	(emf)
	
	(emf)
	
	(emf)
	
	(emf)
	

	in‑band
	
	
	
	
	
	
	
	
	
	
	
	
	
	

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

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

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

	3 MHz ( |f‑fo |
	90
	‑23
	90
	‑23
	100
	‑13
	97
	-16
	87
	‑26
	88
	-25
	88
	‑25

	out‑of‑band
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	(a) (Note 4)
	113
	0
	113
	0
	121
	8
	98
	-15
	113
	0
	113
	0
	98
	-15

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

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

	(d) (Note 4)
	113
	0
	113
	0
	121
	8
	98
	-15
	113
	0
	113
	0
	98
	-15

	NOTE 1: 
f refers to the interfering blocker signal and fo refers to the wanted signal being considered. In case of more than 
one wanted signal being considered fo refers to each wanted signal.
NOTE 2:
For definition of small MS, see subclause 1.1.

NOTE 3:
In case of the multicarrier BTS class with multicarrier receiver, the inband requirements for frequency offsets 800 kHz ( |f‑fo | and blocking signal levels higher than -25 dBm, the performance shall be met X dB above the reference sensitivity level or input level for reference performance, whichever applicable, as specified in subclause 6.2 where X is





- 
  8 dB 
for blocking signal levels below -20 dBm, and





-
12 dB 
for blocking signal levels above -20 dBm.

The relaxed values for the multicarrier BTS class are not applicable for GSM-R usage.

The requirements for multicarrier BTS apply to multicarrier BTS with multicarrier receiver.

NOTE 4:
These requirements are applicable for general co-existence. More stringent requirements apply in other frequency bands when co-location capability is declared for any band(s), see table 5.1-5.

NOTE 5:
For MSR BS the requirements for multicarrier BTS with multicarrier receiver apply. 


Table 5.1-2a of section 5.1.4 of [R1]
As a summary for P-GSM and E-GSM normal and Multicarrier BTS:

· Up to 915 MHz:
-13 dBm at over 3 MHz offset from useful

· 915-925 MHz:
-13 dBm / -16 dBm for MCBTS with 12 dB desensitization

· 925-935 MHz:
   0 dBm / -15 dBm for MCBTS with 12 dB desensitization

· Over 935 MHz: 
   8 dBm / -15 dBm for MCBTS with 12 dB desensitization
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Figure 4: GSM 900 MHz blocker level
2.4 Receiver inter-modulation specification
From [R1] section 5.3.2, 3 dB desensitization (-101 dBm sensitivity) should be obtained when applying two -43 dBm signals.

This specification is to be measured on the receiver, and is mainly aimed at ensuring some robustness against strong signals from Mobile Stations (MS) in the vicinity. It is important to note that a BTS could be desensitized by its own emissions; therefore enough rejection of Tx band signals is needed at Rx access to protect the receiver.

Considering a 9 dB C/I need for the receiver, as seen in section H.3.3 of [R2], 3rd order inter-modulation product power level should not exceed -110 dBm. This level is high enough not to consider thermal noise as a contributor.

2.5 BTS GSM 900 MHz transmitted RF power
For a normal BTS, the maximum output power measured at the input of the BSS Tx combiner, shall be, according to its class, as follows:
	GSM 400 & GSM 900 & GSM 850 & MXM 850 and GSM 700


	DCS 1 800 & PCS 1 900 & MXM 1900



	TRX
	Maximum
	TRX
	Maximum

	power class
	output power
	power class
	output power

	1
	320 ‑ (< 640) W
	1
	20 ‑ (< 40) W

	2
	160 ‑ (< 320) W
	2
	10 ‑ (< 20) W

	3
	80 ‑ (< 160) W
	3
	5 ‑ (< 10) W

	4
	40 ‑ (< 80) W
	4
	2,5 ‑ (< 5) W

	5
	20 ‑ (< 40) W
	
	

	6
	10 ‑ (< 20) W
	
	

	7
	5 ‑ (< 10) W
	
	

	8
	2,5 ‑ (< 5) W
	
	


Table 4.1-6 of section 4.1.2 of [R1]
2.6 Engineering parameters of GSM sites
Even though the maximum power at combining section can be 320 W (< 640 W), combining section may have combining losses. Therefore, even if the maximum transmitted power at BTS connector could be close to the maximum allowed, realistic values are lower than this. Annex H of [R2] section H 3.3 considers 39 dBm transmitted power at antenna connector. It also considers 2 dB cable and connector losses. However, this seems below state of the art of current engineering.
In this contribution, a 45 dBm as a nominal value at antenna input is considered, instead of a value of 43 dBm RF power at BTS connector.

State of the art BTS Tx are able to deliver 48 dBm. A 3 dB figure is used for overall losses between BTS connector to antenna connector: this stands for: a diplexer, a jumper from BTS connector to the feeder, the feeder itself and the jumper from feeder to antenna connector.

Main BTS parameters are:

· BTS Rx C/I = 9 dB as stated in [R2]

· BTS Rx Ec/N0 = 8 dB as stated in [R3]
· BTS sensitivity = -110 dBm 

Even though [R2] is based on -104 dBm, -110 dBm is preferred since this is considered as state of the art BTS sensitivity.

2.7 Element of BTS to BTS link budget 
As noted during 3GPP Geran# 52, isolation is the most important criteria to be considered, however, it is important to assess its meaning.
Several effects are to be considered for determining BTS to BTS isolation. The scenario does not consider co-sitting scenario since this is supposed not likely to happen in [R2] scenario 5.
Such an evaluation has also been performed in [R5] and concluded that MCL between two systems not collocated is 67 dB. This evaluation is done for 2.1 GHz band (Band I), and this would result in about 61 dB in E-GSM band.
2.7.1 Polarization decoupling
If line of sight is not to exclude between an E-GSM site and an ER-GSM site, polarization reorientation however is not likely to occur. Therefore, as ER-GSM BTS is transmitting on one polarisation, the other one receives a lower or much lower RF signal.
ER-GSM systems will be designed as low capacity systems, a typical capacity being 2 TRx per sector. Only the one carrying the BCCH is constantly at full power, and then this transmission occur over one polarization only.
Two polarization diversity scenarios are considered:

· +/- 45° polarisation vs +/- 45° polarization: the opposite polarization receives -30 dB, as polarization decoupling is 30 dB in antennas.
Use of down tilt antennas ensures no polarization alignment between the two antennas except in exactly direct facing of the two systems. In this latter situation down tilt ensures that the two lobes are not exactly facing each other.

· +/- 45° polarisation vs H/V polarization: the decoupling is 3 dB, actual RF level seen by receiver is reduced by 3 dB.

Those two scenarios are only applicable to perfectly face to face antennas. Any misalignment between antennas results in a higher polarization decoupling.

A 3 dB impact on budget link is retained as a conservative approach.

2.7.2 Antenna aiming
It is unlikely that antennas bore sights from two BTS sites are exactly aligned.

In dense urban, the upper half power beam width is aimed at cell border, antenna gain is in the range of 15 dBi, and this corresponds to 10° half power beam width. Ensuring coverage for 300 to 400 m diameter cells results in a 5° down-tilt, and gain in horizontal direction is about 10 dB lower than at bore sight. This is considered as the minimum deviation from the direct aiming situation.

2.7.3 Coupling losses
BTS are connected to antenna system with feeder cables, jumper cables are used to connect BTS and antennas to the feeders. This represents about 3 dB loss in UL and DL, the total impact on budget link is 6 dB.
2.7.4 BTS to BTS link budget

Constant element of Budget link contributors to this isolation is as follows:

· E-GSM BTS antenna gain =
15 dB

· ER-GSM BTS antenna gain =
15 dB

· Antenna misalignment =

10 dB

· Polarization misalignment =
3 dB

· Coupling losses =

6 dB (3 dB for each system)

Total = 15 dB + 15 dB – 10 dB – 3 dB – 6 dB = 11 dB

This results in contributing by +11 dB in BTS to BTS isolation budget link.

3 Determining potential impacts to E-GSM installed base
As stated earlier, this contribution is focusing on BTS to BTS coexistence scenario as with introduction of ER-GSM band, a transmission from another BTS can occur at 3 MHz from Rx band edge.
3.1 R-GSM and MCBTS Tx band blocking resistance
R-GSM

It has been noted that there is a 4 MHz overlap between R-GSM Tx band and E-GSM in-band. This means that when introducing R-GSM band it was considered that normal R-GSM emissions should result in a power level lower than -13 dBm at E-GSM BTS access.

MCBTS 
MCBTS is the latest technology introduction in GSM. Coexistence has been studied in defining MCBTS specification, mainly on the performance for which there has been a relaxation.

On the receiver side, as seen in blocking specification section, the blocker is -16 dBm in in-band (up to 925 MHz) and -15 dBm in out-of-band (starting from 925 MHz). -15 dBm applies all over E-GSM transmit band, therefore from 925 MHz and up to 960 MHz, and -16 dBm applies over the 4 MHz extension or R-GSM band. It is to be noted from note 3 of the blocking specification that 12 dB desensitization is accepted. As long as Tx band is considered, the blocker could be a BCCH carrier for which RF power is constant and at fixed frequency. Such degradation cannot be accepted since it would be permanent.

In fact, some side effects should be considered in this evaluation since blocker level for MCBTS and normal E-GSM BTS are associated to some degree of desensitization:

· MCBTS sensitivity is -92 dBm with -15 dBm blocker
A permanent blocker should be at a lower level to keep the nominal sensitivity which is -110 dBm for state of the art BTS

· E-GSM sensitivity is -101 dBm with -13 dBm blocker.

In the following calculations the retained level of the blocker is -15 dBm, RF level being 2 dB below the E-GSM blocker which is assumed as enough margin required by an E-GSM BTS to keep its nominal sensitivity. This is a conservative approach since this does not account for desensitization effect (3dB for GSM normal BTS and 12 dB for MCBTS).

3.1.1 Determining BTS isolation and converting to distance
As stated in [R2] associated distance can be determined from: 

Free Space Path Loss = 31.5 + 20 log (d), 
with d = distance in m

Therefore:

d = 10 ^ ((FSPL – 31.5)/20)

Equation [1]

Considering 45 dBm output power at BTS connector, the requested isolation is:

45 dBm – (-15 dBm) = 60 dB; 
FSPL = 60 dB + 11 dB = 71 dB
From Equation [1] this corresponds to 90 m between systems, when considering one channel constantly at full power. Therefore, it can be considered that it is not likely to have two systems with a lower isolation or a smaller distance from this.
As a reminder, similar evaluation for UTRA BS to BS was based on 288 m distance in [R5] section 10.2.1, and as stated in 2.7, this would correspond to about 60 dB in 900 MHz band.

As a result, it is considered that isolation between BTS is considered to be 60 dB from 3GPP specifications.
3.2 E-GSM blocking resistance to ER-GSM emissions
In this section, BTS receiver filtering capability at 918 MHz is established from blocking resulting from BTS self-generated emissions, in order to assess robustness against ER-GSM band emissions and isolation distance.
3.2.1 E-GSM system assumptions
As a reminder, for an E-GSM band BTS:
· Rx band = 890-915 MHz / Rx in-band = up to 925 MHz / Tx band = 925-960 MHz
Blocking requirement:

· Offset from useful > 3 MHz: -13 dBm / Up to 925 MHz: -13 dBm

· 925-935 MHz: 0 dBm (bottom part of Tx band)

From this, it is possible to conclude that E-GSM receiver can withstand a -13 dBm blocker at any frequency offset higher than 3 MHz from useful signal.

3.2.2 Blocking aspects as a function of the frequency band
Inside Rx band, blocking results from uncontrolled Mobile Station (MS) emissions. This emission is only on one time slot, and is not supposed to be permanent since an MS is not steady by definition.

As opposed to this situation, the blocker in Tx band can be a permanent emission at a constant power, since it is originated from another BTS site. These emissions could be either from another BTS in the vicinity or from own BTS emissions.

This will be studied in order to quantify required receiver rejection at 918 MHz.

3.2.3 Rejection capability of E-GSM BTS based on auto blocking protection
Consider an E-GSM BTS transmitting one 43 dBm carrier at 925 MHz at BTS connector.
Return loss at diplexer access from feeder and antenna system is assumed to be 15 dB.
Note: in fact, antennas are specified for 1.5 VSWR (Voltage Standing Wave Ratio) which corresponds to 14 dB return loss. This, with VSWR cascade of all the elements between diplexer and antenna is likely to result in return loss in the 12 dB range: diplexer to BTS connector cable, jumper to feeder, feeder to antenna jumper, antenna.
Returned RF power may then be:

45 dBm – 15 dB = 30 dBm at 925 MHz
Also, as long as this is a permanent emission, no desensitization can be accepted. Sensitivity of state of the art BTS is -110 dBm sensitivity and this is 9 dB lower than the -101 dBm sensitivity of the blocking specification. It is therefore supposed that the receiver needs extra protection to the blocker than what is necessary in Rx band. Two calculations are performed: a very conservative 3 dB margin is first considered, then an approach based on a 1 dB per dB characteristic.

3.2.3.1 3 dB margin approach
In this section, it is considered that margin for sensitivity is 3 dB.

Blocker at 925 MHz should therefore be lower than -16 dBm

Ultimately the receiver rejection at 925 MHz should be:

45 dBm – 15 dB – (-16 dBm) = 46 dB resulting in 4.6 dB/MHz slope

Rejection at 918 MHz is: 3 x 4.6 dB = 13.8 dB.

Note: this rejection must be met in all situations, and then nominal value is more higher.

3.2.3.2 dB per dB approach

In [R4], it is suggested that blocking mechanism could have a 1 to 1 characteristic. One possible blocking mechanism is the mixing between blocker and Local oscillator phase noise side band. With such a mixing process, the RF level of the spurious generated inside the intermediate frequency varies as 1 dB per dB characteristic.

For a BTS at limit of specification, getting -101 dBm sensitivity when applying -13 dBm blocker, means that spurious generated by blocking mechanism is equivalent to -110 dBm at input if considering 9 dB C/I. This is high enough not to consider thermal noise contribution.

This assumes that no effects associated to RF level are occurring, such as line-up amplification or digital to analog converter saturation.

In order to keep -110 dBm sensitivity, equivalent Ec/N0 level at BTS input is 8 dB (required S/N, since it is considered that the spurious is similar to a noise) below useful signal, i.e. -118 dBm. 

Thermal noise in 200 kHz RF BW is -121 dBm, spurious signal should be -121 dBm. 

This is lower than -110 dBm by 11 dB, and therefore acceptable blocker should be 11 dB lower than specified level, i.e. -13 dBm -11 dB = -24 dBm.

Receiver rejection at 925 MHz should be:

45 dBm – 15 dB – (-24 dBm) = 54 dB resulting in 5.4 dB/MHz slope

Rejection at 918 MHz is: 3 x 5.4 = 16.2 dB

Note: this rejection must be met in all situations, and then nominal value is more higher.

3.2.4 Required BTS to BTS isolation

Only one carrier is considered since any other channel should be at least at 600 kHz offset from aggressor channel, and Rx rejection filtering is higher at that frequency due to the slope of the diplexer.

Acceptable blocker level at E-GSM BTS input is:

Conservative approach:

-16 dBm + 13.8 dB = -2.2 dBm
1 to 1 approach:

-24 dBm + 16.2 dB = -7.8 dBm
Therefore requested isolation between BTS is:
45 dBm – (-2.2 dBm) = 47.2 dB

or 45 dBm – (-7.8 dBm) = 52.8 dB
It is to be noted that these isolations are lower or similar to than isolation between BTS as outlined in section what has been established in section 3.1.1. . Therefore, an ER-GSM BTS should not block a BTS operating in E-GSM band.











3.3 Influence of Inter-modulation on blocking assumption
3.3.1 Evaluation of Rejection need in BTS Tx band
It is considered that this parameter requests an important rejection between Rx and Tx access of the diplexer. Therefore, this is ultimate diplexer rejection, and can be considered as being flat throughout Tx band.

Rx band stops at 915 MHz, and Tx band span from 925 to 960 MHz. This is at least 10 MHz from Rx band, and it is likely that operators may have access to more than 10 MHz spectrum for public GSM systems. It happens that some operators have several sub bands. For this reason, BTS receiver must be enough protected against IM3 generated by its own emissions. As long as this is local emissions on a permanent basis, the receiver needs no sensitivity degradation associated to these IM3.

3.3.2 BTS receiver rejection needs
IP3 = 3/2 Pin – 1/2 IM3

Equation [2]

Pin = 2/3 IP3 + 1/3 IM3

Equation [3]

Where: IP3 = Third Order Intercept Point, Pin = Signal input power, IM3 = 3rd Inter-modulation product
From Equation [2] with two -43 dBm signals, for -101 dBm sensitivity, inter-modulations products should be lower than -110 dBm to get 9 dB C/I. Therefore receiver input IP3 is = -9.5 dBm.
3.3.2.1 Conservative approach

In this approach, it is considered that front end linearity is at the limit of 3GPP specification.
Considering that BTS transmit power is 45 dBm with 15 dB return loss at diplexer connexion, the reflected signals are 30 dBm each.

With 8 dB BTS receiver Ec/N0, the inter-modulations products resulting from these signals should result in -118 dBm I+N power level, N being the thermal noise that cannot be neglected with such low level signals. As thermal noise is -121 dBm in 200 kHz bandwidth, inter-modulation product should be lower than -121 dBm.

From Equation [3] with -9.5 dBm IP3, input signals should be lower than -46.7 dBm to generate -121 dBm inter-modulation products.
Therefore, rejection of Tx band at Rx input should be higher than:

30 dBm – (-46.7 dBm) = 76.7 dB
As this is obtained 10 MHz from Rx band edge, the diplexer should have at least a 7.67 dB/MHz slope.

This implies that rejection at 918 MHz should be at least:

7.67 x 3 = 23 dB
Note: this approach is based on emissions on only two channels, typical small capacity configuration for GSM-R, but with state of the art BTS with higher capacity this would result in a higher rejection in Tx band: performance in the 80 to 90 dB range.

3.3.2.2 Realistic approach

As stated in [R4] it is possible that actual front end has a higher linearity than the strict minimum as outlined in the previous section.

Therefore, it is assumed that IP3 is 0 dBm which is 9.5 dB higher than the conservative approach.
Considering the two BTS transmit power 45 dBm, with 15 dB return loss at diplexer connexion, the reflected signals are 30 dBm each.

With an 8 dB noise factor of the BTS receiver, the inter-modulations products resulting from these signals should result in -118 dBm I+N power level, N being the thermal noise that cannot be neglected with such low level signals.

As thermal noise is -121 dBm in 200 kHz bandwidth, inter-modulation product should be lower than -121 dBm to get -118 dBm I+N.

From Equation [3] with 0 dBm IP3, input signals should be lower than -40.3 dBm to generate -121 dBm inter-modulation products.

Therefore, rejection of Tx band at Rx input should be higher than:

30 dBm – (-40.3 dBm) = 70.3 dB

As this is obtained 10 MHz from Rx band edge, the diplexer should have at least 7 dB/MHz slope.

This implies that rejection at 918 MHz should be at least:

7 dB/MHz x 3 MHz = 21 dB
Note: this value results in a lower rejection, and then will necessitate a lower isolation between systems; therefore, it is retained in the following evaluations.

3.3.3 Isolation between BTS
At more than 3 MHz offset from useful signal, inside Rx Band, the BTS receiver can accept a -13 dBm blocker. As long as Inter-modulation from own emissions is a permanent situation, a complementary margin is required; in the conservative approach, the margin is estimated to be 3 dB, and this leads to -16 dBm acceptable blocker. In the 1 dB per dB approach, acceptable level is -40.3 dBm.

It is then considered that the rejection at 918 MHz results in a higher blocking performance, accepted blocker at 918 MHz is:

Conservative approach:

-13 dBm + 23dB – 3 dB = +7 dBm
dB per dB approach with input IP3 = 0 dBm:
-24 dBm + 21 dB = -3 dBm
Note: this is using acceptable blocker from realistic approach of 3.2.3.2
Requested isolation between BTS should be:
Conservative approach:

45 dBm – 7 dBm = 38 dB

dB per dB approach with input IP3 = 0 dBm:
45 dBm – (- 3) dB = 48 dBm
It is to be noted that requested isolations are lower than what was identified with the computation based on blocking resistance in section 3.2. Therefore, an ER-GSM BTS should not block a BTS operating in E-GSM band.







4 Conclusion
ER-GSM band introduction happens after already significant UL/DL guard band reductions that occurred in the past, and also after MCBTS introduction.

In this contribution, an evaluation of isolation between ER-GSM and E-GSM systems has been established based on 3GPP specifications, and it has been verified that ER-GSM system should not block a BTS operating in E-GSM band. In particular, two approaches have been performed aiming at assessing ER-GSM emissions impacts on E-GSM installed base reception. Each approach has been performed with two kind of assumption both for blocking and inter-modulation.

A scenario with R-GSM and MCBTS interacting with E-GSM was reviewed where blocker is assessed to be low enough not to affect BTS reception when considering BTS to BTS coexistence. A 60 dB isolation between BTS has been established from 3GPP specification. Even if protection from BTS self generated emissions are leading to higher performance than requested, this is not reflected in the specification.

Blocking and Inter-modulation performance from self generated BTS emissions show that isolation is even smaller than what was computed from R-GSM and MCBTS 3GPP specification, and even when considering a ER-GSM BTS transmitting at an unusually high power, required safe distance is still small enough to ensure that E-GSM installed base will not be affected by ER-GSM emissions in 918-921 MHz band.
As a summary:

BTS to BTS isolation is at least 60 dB, several different approaches concur to this result.

ER-GSM BTS main emissions even at Tx band lower edge has no impact on systems operating in E-GSM band: 2G legacy, 2G MCBTS.
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