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Complement on blocking impact of ER-GSM band 
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. Several contributions have already been made on this working item [R10], [R11], [R12] and [R4].
The scope of this paper is to complement these contributions, and perform computations in line with inputs from discussion which occurred during 3GPP TSG GERAN#53 session in Hamburg and apply it to GSM systems.

The comments that have been made about [R4] are:

Consider 1 dB desensitization as acceptable

Use dB per dB approach for desensitization computation

Perform evaluations based on isolation between victim and aggressor BTS.

This contribution performs very similar approach to the ones presented in [R4], an attempt has been made for simplifying the presentation.
As compared to [R4] a section has been added to evaluate Base Station to Base Station isolation for UTRA and E-UTRA systems.

1.1 Frequency band Reminder

The following figure illustrates the different 900 MHz frequency bands as currently defined as well as the new ER-GSM band.
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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.
.
2 3GPP specification reminder 
This section summarizes BTS receiver blocking.
2.1 Frequency band definition
Overall frequency plan is as follows:
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Figure 2: 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


Table 1: 3GPP TS 45.005 table 5.1-1a (commented extract)

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
Table 7.6-3: Level of interfering signal for blocking

	
	GSM 400 and GSM900 (dBm)
	DCS1800 and PCS 1900  (dBm)

	Frequency band
	BTS
	Multicarrier
	micro and pico‑BTS
	BTS
	Multicarrier 
	micro and pico‑BTS

	
	
	BTS

(Note 2)
	M1 
	M2
	M3
	P1
	
	BTS

(Note 2)
	M1
	M2
	M3
	P1

	in ‑ band:
	
	
	
	
	
	
	
	
	
	
	
	

	fo +/‑ 600 kHz
	‑26
	-35
	‑31
	‑26
	‑21
	-34
	‑35
	‑35
	‑40
	‑35
	‑30
	-41

	800 kHz 
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 |f‑fo| < 1.6 MHz
	-16
	-25 & -20
	‑21
	‑16
	‑11
	-34
	‑25
	‑25
	‑30
	‑25
	‑20
	-41

	1.6MHz 
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 |f‑fo| < 3MHz
	-16
	-25 & -20
	-21
	-16
	-11
	-26
	-25
	-25
	-30
	-25
	-20
	-31

	3 MHz
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 |f‑fo|
	-13
	-25 & -16
	‑21
	‑16
	‑11
	-18
	‑25
	‑25
	‑30
	‑25
	‑20
	-23

	out - of – band 
	General
	8
	-15
	8
	8
	8
	8
	0
	-15
	0
	0
	0
	0

	
	Co-siting
	8
	16
	8
	8
	8
	8
	0
	16
	0
	0
	0
	0


NOTE 1:
Micro and pico-BTS is not defined for GSM400.

NOTE 2:
The relaxed values for multicarrier BTS are not applicable for GSM-R usage.
The requirements for multicarrier BTS apply to BTS with multicarrier receiver.

Table 2: Blocking Interferer from 3GPP TS 51.021

For PGSM900 and EGSM900, the blocking level in the band 925 MHz to 935 MHz is relaxed to 0 dBm.

For RGSM900 at offsets 600 kHz 
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 |f‑fo| < 3 MHz, the blocking level in the band 876 MHz ‑ 880 MHz shall be reduced by 5 dB.

In case of either multicarrier BTS class with multicarrier receiver for GSM 400 and GSM 900, the inband requirements for frequency offsets 800 kHz  ( |f‑fo | and blocking signal levels higher than -25 dBm, the power level of wanted signal in table 7.6-1 may be increased up to 5 dB for interfering signal levels lower than -20 dBm and up to 9 dB for interfering signal levels above -20 dBm.
It is to be noted that for MCBTS with offset over 3 MHz, [R9] is using -25 dBm blocker level for -101 dBm sensitivity.

As a summary for P-GSM and E-GSM normal and Multicarrier BTS:
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Figure 3: GSM blocking scenarios

	
	Normal BTS

Offset > 3 MHz
	MCBTS

Offset > 3 MHz

	Desensitization
	3 dB
	3 dB
	12 dB

	Up to 915 MHz
	-13 dBm
	-25 dBm 
	-16 dBm

	915-925 MHz
	-13 dBm
	-25 dBm
	-16 dBm

	925-935 MHz
	0 dBm
	-15 dBm
	

	Over 935 MHz
	8 dBm
	-15 dBm
	

	Over 935 MHz   Co-siting
	8 dBm
	+16 dBm
	


Table 3: GSM 900 MHz blocker level
3 Blocking impacts of ER-GSM on GSM systems in E-GSM band

This evaluation is performed in three steps:

Determine BTS to BTS isolation

Determine rejection at Rx input of victim BTS

Determine potential blocker level at victim Rx input

Prior to that, the computations are detailed in the following sections.

3.1 Desensitization computation in dB per dB approach
The purpose of this section is to simplify the computations; a general desensitization computation is developed to quickly estimate acceptable interferer.
Starting from desensitization as specified by a standard for a given interferer level, the goal is to evaluate what interferer level can be accepted for a given desensitization.

· Two situations are to be considered:

1. Desensitization as specified by the applicable standard.

For example, in 3GPP 45.005 with -13 dBm blocker (@ 3 MHz offset), acceptable sensitivity is -101 dBm. 
This is 9 dB desensitization for a BTS with -110 dBm sensitivity. 

This desensitization is called XdB
2. Desensitization considered as acceptable with in the field blockers.

For example, accept 1dB desensitization from nominal. 
This desensitization is called YdB
· Comparing noise in a given bandwidth:

Thermal noise floor:
 

KTB

After amplification with noise figure N:
NKTB (equivalent at Rx input)
Desensitization by X means noise floor
= X NKTB

Added noise =
(X-1) NKTB

Desensitization by Y means noise floor
= Y NKTB

Added noise =
(Y-1) NKTB

Ratio =
(NKTB (X-1) / NKTB (Y-1)); Ratio = (X-1) / (Y-1)
Radio in dB = Delta (dB) = 10 log((10^(Xdb/10)-1)/(10^(Ydb/10)-1))

Ratio in dB is the interferer power level reduction requested to get YdB desensitization when a system is specified for XdB desensitization with a given interferer power level.

· For example with GSM (normal BTS):

Specified blocker for -101 dBm sensitivity is -13 dBm (over 3 MHz offset)

Nominal sensitivity = -110 dBm,
therefore desensitization is 9 dB with blocker as specified by 3GPP 45.005.

Acceptable desensitization in normal operation = 1 dB

Delta (dB) = 14.3 dB.

Acceptable blocker for a BTS with -110 dBm nominal sensitivity is:

-13 dBm – 14.3 dB = -27.3 dBm

for 1 dB desensitization.

3.1.1 MCBTS specific blocker level
TS 51.021 ([R9]) specifies two power levels for blocker: 
-25 dBm with -101 dBm sensitivity and -16 dBm with -92 dBm sensitivity.
Considering -104 dBm sensitivity (as specified by 3GPP 45.005), the two scenarios are computed:

-25 dBm (-101/-104) gives delta =5.8 dB, 
i.e. blocker is -25 dBm – 5.8 dB = -30.8 dBm.

-16 dBm (-92/-104) gives delta = 17.6 dB,

i.e. blocker is -16 dBm – 17.6 dB = -33.6 dBm

Considering -110 dBm nominal sensitivity, the two scenarios are computed:

-25 dBm (-101/-110) gives 14.3 dB, i.e. -39.3 dBm.

-16 dBm (-92/-110) gives delta = 23.8 dB, i.e. blocker is -39.8 dBm

As can be seen, these two specification methods are leading to comparable results, and therefore, only one is considered in the following. 
3.2 Determining GSM BTS to BTS isolation from applicable standard
TS 45.005 ([R1]) determines a given blocker level, for example -13 dBm for normal BTS.
Accepting 1 dB desensitization from specified nominal sensitivity (-104 dBm) requires 5.8 dB variation in dB per dB approach, therefore, acceptable blocker is: -18.8 dBm.

Considering nominal Tx power = 45 dBm means isolation between BTS access is:

 45 dBm – (-18.8 dBm) = 63.8 dB.
3.2.1 Determining rejection at 915 MHz

Considering 45 dBm with 15 dB return loss results in 30 dBm reflected power.

Accepting 1 dB desensitization means that for -104 dBm nominal sensitivity, acceptable signal is -18.8 dBm.
Rejection at 925 MHz is therefore: 30 dBm – (-18.8 dBm) = 48.8 dB

This is 4.88 dB/MHz slope, and then 14.7 dB at 918 MHz.

3.2.2 Determining ER-GSM blocker at Rx input

Tx power = 45 dBm

As BTS to BTS isolation is 63.8 dB, signal at victim BTS input is 45 dBm – 63.8 dB = -18.8 dBm at BTS input.
As rejection at 918 MHz is 14.7 dB, signal at Rx input = -18.8 dBm – 14.7 dB = -33.5 dBm.

3.2.3 Application to GSM BTS and MCBTS in E-GSM band

The above methodology has been summarized in table 4 for legacy and MCBTS GSM systems.

For normal GSM BTS and MCBTS in E-GSM band, two situations are considered: 

As specified: -104 dBm reference sensitivity, -101 dBm with blocker

Nominal: -110 dBm reference sensitivity, -101 dBm with blocker
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Table 4: GSM legacy and MCBTS BTS to BTS isolation computed from 3GPP TS 45.005 specification

It is to be noted that this evaluation is only based on desensitization from blocking. [R10] did show that inter-modulation would lead to consider higher rejection levels for Rx filter. Therefore, actual rejection at 915 MHz should be higher than the result from the above table.
Strict application of data from specification tends to consider different isolation between systems. As a matter of facts, MCBTS is the latest specification and benefit of more lessons learned from the field. Therefore, it is possible to consider that actual in the field isolation between systems is the one determined from MCBTS parameters, based on Base Station at specification limit, this is 75.8 dB, and as long as these systems are actually co-existing, a value of more than 84 dB can be retained.
Similarly, as seen in Table 1, GSM in-band blocking covers the whole R-GSM band. Therefore, GSM MCBTS standard implicitly considers at least 75.8 dB isolation between R-GSM and public GSM base stations. Considering that no issues have been reported where MCBTS systems reception could be affected by R-GSM emissions, actual isolation in the field between MCBTS and R-GSM base stations is at least 84.3 dB. 

This table also evaluates amount of main ER-GSM at Rx input of victim system in “actual blocker” line. This level is always significantly lower than “Reduced blocker level”. This shows that main ER-GSM emissions, even at Tx lower edge should not block the victim system.
4 Determining UTRA and E-UTRA BS isolation from applicable standard

The same process can be used to determine isolation between Base Stations for UTRA and E-UTRA standard. Similarly to GSM scenario, the computation is performed for Base Station strictly complying to applicable 3GPP standard, and with a nominal situation. The results are summarised in the following table.

For normal UTRA and E-UTRA BS in E-GSM band, two situations are considered: 

As specified:

UTRA:  -121 dBm reference sensitivity, -115 dBm with blocker

E-UTRA:  --101.5 dBm reference sensitivity, -95.5 dBm with blocker

Nominal: 

UTRA:  -123 dBm reference sensitivity, -115 dBm with blocker

E-UTRA:  --103.5 dBm reference sensitivity, -95.5 dBm with blocker
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Table 5: UTRA and E-UTRA Base Stations isolation

This shows that isolations are even higher than with GSM standard, this is the result of two effects:

· Similarly to MCBTS scenario, UTRA and E-UTRA standards have been defined with more lessons learned from the field. Experience has led to consider more isolation between sites than what was originally anticipated for GSM.

· UTRA and E-UTRA systems are often using antennas with lower gain than what is used for GSM systems. Also, cell range is smaller to get a good data rate over the whole cell. For example, [R5] in section 7.4.1.2.1.3, is considering 13 dB antenna gain and, it is assumed that antenna gain toward another Base Station system is only 10 dB due to antenna tilt. 
5 Spurious emissions evaluations, ER-GSM aggressor, E-GSM legacy or MCBTS victim
Considering that BTS to BTS isolation is high enough to avoid blocking from ER-GSM BTS main emissions at ER-GSM Tx band edge, this section is assessing spurious emissions in ER-GSM UL/DL guard band i.e. in 915-918 MHz band.
Evaluation of spurious emissions from BTS:

GSM legacy BTS: specification is -36 dBm/100 kHz measured in peak mode. This converts to -45 dBm average per 100 kHz.

MCBTS specification is different, as stated in table 4.3-3 from [R1] 
	
	
	All BTS except multicarrier BTS
	Multicarrier BTS

	Band
	Frequency offset outside relevant transmit band
	Maximum power limit 
	Maximum power limit 

	9 kHz to 1 GHz
	( 2 MHz
	-36 dBm (250 nW)
	-25 dBm

	
	( 5 MHz
	-36 dBm
	-20-4,2*(Δf - 5) dBm (Note)

	
	( 10 MHz
	-36 dBm
	-36 dBm

	1 GHz to 12.75 GHz
	( 2 MHz
	-30 dBm (1 µW)
	-25 dBm

	
	( 5 MHz
	-30 dBm
	-20-3*(Δf - 5) dBm (Note)

	
	( 10 MHz
	-30 dBm
	-30 dBm

	Note: Δf is the frequency offset outside relevant transmit band in MHz


Table 6: 3GPP TS 45.005 Table 4.3-3 Requirements for spurious emissions – out of relevant transmit band
The band under consideration is 915-918 MHz, i.e. 7 to 10 MHz offset, level is:

-20 - 4.2*(Δf - 5) dBm, 
Δf ranges from 7 to 10 MHz.

A first table is used to determine Tx rejection and slope.
Considering a Tx at limit of spurious emissions, the requested Tx rejection at 915 MHz is computed to get the specified noise limit in UL band.
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Table 7: GSM (legacy and MCBTS) Tx rejection and spurious emissions
Spurious emissions are computed for each BTS, reflected spurious power fed back to BTS access due to return loss (15 dB return loss) is computed, and requested isolation to get similar power level or 10 dB power level difference is computed.
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Note: the integration is made over the 3 MHz ER-GSM UL/DL guard band with 100 kHz increments.

Table 8: Requested isolation

It can be seen that requested isolation is always much lower than BTS to BTS isolation as computed in section 3.2.3.
For E-GSM, this is 14 dB lower
For MCBTS, this is 34 dB lower

Therefore, actual desensitization from ER-GSM emissions is negligible as compared to blocking from own BTS emissions.

As noted in 3.2.3 Rx filter rejection slope should be higher when computed from Inter-modulation specification as shown in [R10], and therefore, requested isolation should be lower than what is computed in the above table, this provides even more margin than what appears from this computation.
6 Conclusion
This contribution has explored complements to previous contributions about ER-GSM introduction impacts.

As can be seen ER-GSM potential Blocker level at victim Rx input at 918 MHz is always much lower than blocking level corresponding to 1 dB desensitization.

Spurious emissions at ER-GSM BTS output is computed and compared to spurious emissions from E-GSM BTS either legacy or MCBTS. Requested isolation not to disturb victim BTS is lower than isolation as computed from specified parameters. Therefore, impact of introduction of BTS in ER-GSM band is negligible.
These analyses have some margin as compared to real life situations since it is only based on blocking in a dB per dB approach. This is a conservative approach since it has been demonstrated in [R10] that basing the computation on inter-modulation effects would even lead to higher protections.

This contribution has also emphasized that BS to BS isolations as computed from UTRA and E-UTRA specifications are higher than for GSM systems.
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