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Elements for assessing impact of ER-GSM systems 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. Several contributions have already been made on this working item [R10], [R11], [R12] and [R4].
This document integrates observations and comments made about the contributions made on the contributions that have been presented during 3GPP Geran sessions # 52, 53 and 55.

As a summary, the main comments are about:

Consider 0.8 dB desensitization as acceptable

Use dB per dB approach for desensitization computation from blocking
Perform evaluations based on isolation between victim and aggressor BTS
Nominal RF performance level for GSM systems

Nominal RF performance about UTRA and E-UTRA systems 

Integrate tolerances for diplexers filtering possibilities.

This contribution performs very similar approach to the ones presented in [R4], an attempt has been made for simplifying the presentation.
This contribution covers the following items:
· Specifications reminder for blocking and Rx inter-modulation performance

· Present computation methodology

· Determine isolation between GSM BTS from specifications for blocking and inter-modulation

· Evaluate requested isolations between ER-GSM systems and GSM systems in E-GSM band.
· Evaluate impact of ER-GSM spurious emissions on systems in E-GSM :
· Legacy GSM, GSM MCBTS, UTRA and E-UTRA
· Evaluate isolation between Base Stations for UTRA and E-UTRA technology.
· Evaluate Narrow band blocking performance of UTRA and E-UTRA systems

· Determine ER-GSM spurious emissions in UL band
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 
[image: image3.wmf]£

 |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 
[image: image6.wmf]£

 |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 in-band 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 GSM 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
2.4 Receiver Inter-modulation specifications

From [R1] section 5.3.2, 3 dB desensitization (-101 dBm sensitivity) should be obtained when applying two -43 dBm signals.

3 Blocking impacts of ER-GSM to 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
This section is aimed at comparing the two blocking specifications as defined in [R1] and [R9].

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 the one in [R9] is considered in the following since it is based on similar desensitization as [R1]
3.2 Determining GSM BTS to BTS isolation from applicable standard
Standards are defining blocking performance level in such a way that isolation between systems can be evaluated. In-Band blocking is defined up to bottom of DL band (925 MHz), therefore, enough isolation shall be met for base station not to be blocking each others.

TS 45.005 ([R1]) determines a given blocker level, for example -13 dBm for normal BTS.
[R13] was based on 1 dB desensitization, however, as noticed in [R14], [R15] did base analysis on 0.8 dB desensitization, and therefore, this limit is used in the following computations.
Accepting 0.8 dB desensitization from specified nominal sensitivity (-104 dBm) requires 6.9 dB variation in dB per dB approach, therefore, acceptable blocker is: -19.9 dBm.

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

 45 dBm – (-19.9dBm) = 64.9 dB.
The following table is presenting these evaluations for legacy and MCBTS for specified and nominal performance level

[image: image8.emf]Specification Nominal Specification Nominal

-101,0 dBm -101,0 dBm -101,0 dBm -101,0 dBm A

-104,0 dBm -110,0 dBm -104,0 dBm -110,0 dBm B

3,0 dB 9,0 dB 3,0 dB 9,0 dB C = A - B

0,8 dB 0,8 dB 0,8 dB 0,8 dB D

6,9 dB 15,4 dB 6,9 dB 15,4 dB E from C&D

-13,0 dBm -13,0 dBm -25,0 dBm -25,0 dBm F

-19,9 dBm -28,4 dBm -31,9 dBm -40,4 dBm G = F - E

64,9 dB 73,4 dB 76,9 dB 85,4 dB L = TxP - G

0,8 dB

BTS to BTS isolation

Corrected blocker level

Sensitivity with Blocker

Nominal Sensitivity

Desensitization

Accepted  Desensitization

Delta

TxP = 45 dBm TxP = 45 dBm

GSM -13 dBm GSM MCBTS -25 dBm

One BCCH at full power, fixed frequency at lower Tx 

channel edge

Accepted desensitization

Blocker level


Table 4: BTS to BTS isolation from blocking specifications

This analysis is performed for 45 dBm transmit RF power, however, transmitted RF power in GSM band VIII band can be significantly higher as stated in [R1].

	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 5: Tx power from [R1]

As far as coexistence of systems is considered, several facts must be considered:

In-Band blocking contains R-GSM 4 MHz extension which is used for railways in Europe. In-band blocking performance has not been revised with R-GSM band introduction, therefore, it is anticipated that isolation between R-GSM systems and E-GSM system is high enough to accommodate for unchanged performance level.

MCBTS specification has been defined after R-GSM band was introduced; blocking performance relaxation is same over R-GSM band.
The new extension of ER-GSM band is also contained in In-Band blocking. Therefore, extension of ER-GSM band is in the same situation as R-GSM band.
3.3 Determining acceptable isolation between systems
BTS transmitters and receivers are connected to the same antenna through a diplexer to separate Up Link and Down Link band. This, in conjunction with filtering in receive front end ensures enough Tx/Rx isolation to keep nominal BTS sensitivity. This isolation naturally provides complementary protection to the receiver and helps at offering the possibility for a smaller isolation between BTS accesses.
This is used in the following to compute acceptable isolation between ER-GSM system and legacy GSM systems in E-GSM band.

The rejection at 915 MHz is determined from the need for the BTS Receiver to be protected from its own emissions.

However, diplexers are experiencing some frequency tolerance including shift over temperature range. This tolerance occurs at beginning of rejection and maximum rejection must be kept in spite of deviations. This is modelled as follows:
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Figure 4: Frequency deviation due to tolerances model with 1 MHz shift
In the following, a sample computation is performed, and results are given for frequency shift ranging from 0 to 3 MHz.
3.3.1 Determining rejection at 915 MHz

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

Accepting 0.8 dB desensitization means that for -104 dBm nominal sensitivity, acceptable signal is -19.9 dBm.
Rejection at 925 MHz is therefore: 30 dBm – (-19.9 dBm) = 49.9dB

This is 5 dB/MHz slope, and then 15 dB at 918 MHz.

3.3.2 Determining ER-GSM blocker at Rx input

Tx power = 45 dBm

As BTS to BTS isolation is 64.9 dB, signal at victim BTS input is 45 dBm – 64.9 dB = -19.9 dBm at BTS input.
As rejection at 918 MHz is 15 dB, signal at Rx input = -19.9 dBm – 15 dB = -34.9 dBm.

3.3.3 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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Isolation @ 
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Input Data
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Nominal Sensitivity

Desensitization

Accepted  Desensitization
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BTS to BTS isolation

ER-GSM 918 MHz @ Rx input 
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Table 6: GSM legacy and MCBTS BTS to BTS isolation for 1 MHz tolerance
This evaluation has been performed for several level of frequency stability of diplexers.
[image: image11.emf]Freq Shift Slope over Slope Rej @ 918 MHz Slope Rej @ 918 MHz

0,0 MHz 10,0 MHz 5,8 dB/MHz 17,5 dB 7,0 dB/MHz 21,1 dB

1,0 MHz 8,0 MHz 7,3 dB/MHz 14,6 dB 8,8 dB/MHz 17,6 dB

2,0 MHz 6,0 MHz 9,7 dB/MHz 9,7 dB 11,7 dB/MHz 11,7 dB

3,0 MHz 4,0 MHz 14,6 dB/MHz 0,0 dB 17,6 dB/MHz 0,0 dB

Single carrier BTS MCBTS

Blocking


Table 7: Diplexer slope and 918 MHz rejection as a function of diplexer Frequency drift

It is to be noted that this evaluation is only based on desensitization from blocking, a similar computation based on inter-modulation is performed later in this contribution.
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, 
· 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. As long as 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.
3.3.4 Inter-modulation impacts

Desensitization due to inter-modulation can be computed similarly to blocking effect.
However, desensitization is 3 dB per 1 dB variations instead of dB per dB. For a given ratio as computed from 3.1, RF interferer level should be reduced by one third.
Isolation based on inter-modulation is computed similarly to table 4.
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Table 8: Isolation of GSM systems based on inter-modulation

As long as MCBTS has no relaxations, the computation is valid for single and multi carrier BTS.

This computation is used to complement Table 7.
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Table 9 : Slope and rejection based on blocking and inter-modulation
It is to be noted that important frequency shifts of diplexer pushes for having higher slope rejection.

Current state of the art Base Stations are using air-filled coaxial resonators technology. This technology offers the best trade-off between all requirements for this part:

· Size & shape ratio

· RF performances:

· Insertion loss

· Return loss

· Power dissipation

· Ease of production

· Repeatability

· Reliability

However, this technology cannot easily reach high dB/MHz slope in the transition rejection between pass band and rejected band.

Getting higher slopes would require more complex technology.

It is considered that 1 MHz frequency shift in practical temperature range as experienced by a diplexer in a Base Station is representative of state of the art.

4 UTRA and E-UTRA systems sensitivity to GSM interferers

GSM signals are narrow band signals. As opposed to GSM systems standards, applicable specifications for UTRA and E-UTRA systems are not defining blocking with narrow band signals over R-GSM or ER-GSM downlink bands. As seen in Figure 5, GMSK blocker for UTRA is defined up to 915 MHz band, and offset frequency from channel centre frequency is 2.8 MHz. Narrow band blocker for E-UTRA is defined as a one RB signal with highest possible frequency just below 920 MHz.

However, these specifications have been derived for introduction of UTRA and E-UTRA systems in dedicated frequency bands and several evaluations have been performed to evaluate coexistence possibilities to use these systems in GSM bands. This introduces new constraints on UTRA and E-UTRA BS, and some improvements have been performed to ease this coexistence. This gives some indications to evaluate coexistences capabilities with GSM RF signals. These elements are detailed in the following sections.
4.1 Elements from specifications

Even though specification does not contain direct information about blocking with GSM signals in ER-GSM or R-GSM bands, some indications are available:

UTRA systems: 
test conditions for adjacent channel sensitivity (ACS: +/- 5 MHz offset) in [6] is – 52 dBm and test condition for blocking is -40 dBm with +/- 10 MHz offset. Performance criteria is the same in the two situations. This is 12 dB improvement over 5 MHz, and this is higher than the 5 dB difference between +/- 5 MHz and +/- 10 MHz ACLR specification. Therefore, it is possible to consider that blocking performance is better with frequency offsets higher than 2.8 MHz.
E-UTRA systems:

narrow-band blocker is defined as a 1 Resource Block signal with -49 dBm RF power level. Such RF signals have a typical PAPR (Peak over Average Power Ratio) in the range of 8 to 9 dB. Therefore, this is equivalent to a higher power GMSK signal.
Similarly to UTRA BS, adjacent channel selectivity (ACS) is specified with -52 dBm interferer RF power level, and interferer for blocking is -43 dBm, this is 11 dB improvement. Frequency offset for blocking is three times the offset for ACS.

As a conclusion, sensitivity to a GMSK signal in ER-GSM band should be lower than the narrow-band specification as specified for UTRA and E-UTRA systems.
4.2 Published tests results

Many operators of public network have investigated the possibility to allocate channels for GSM closer than the 2.8 MHz which is specified for blocking test (see Figure 5). A characterization has been performed in [16]. Table 1 of this publication shows that actual blocker level at 2.8 MHz is -23 dBm which is better than specified level by 24 dB.
Here is an extract of this paper:
“One can notice that both NodeB and UE under test exceeded by several dB the minimum narrow band blocking performance requirements set forth in [4] and [5]. For example, in [5] the UMTS NodeB suffers a sensitivity degradation of 6 dB (useful signal level increases from -121 to -115 dBm) in the presence of a GMSK interfering signal at -47 dBm and 2.8 MHz frequency offset. However from Table 1 one can notice that in same conditions the interference level at the UMTS NodeB is -23 dBm, thus exceeding by 24 dB the minimum performance specification. Similarly, it can be seen that the UMTS UE exceeds by 29 dB the narrow band blocking requirements in [4]. »
It is to be noted that -23 dBm RF power level from an ER-GSM BTS would be reached at UTRA BS access for: 

45 dBm – (-23 dBm) = 68 dB isolation.
This isolation is similar to the isolation as computed in Table 6 which is based on blocking, and lower than isolation as computed in Table 8.
4.3 Indications from coexistences studies with UTRA.
Coexistence studies have performed ACS (Adjacent Channel Selectivity) studies for UTRA systems. Table 6 of [17] evaluates ACLR and ACS of UTRA BS and UE for co-existence with GSM with 2.8 MHz and 4.8 MHz frequency offset. From this table, ACS at 4.8 MHz is higher than with 2.8 MHz offset; however, no details are given about the possible performance level.
4.4 Indications from actual in the field uses
As a matter of facts, UTRA and E-UTRA systems are currently installed in coexistence situation with GSM systems in 900 MHz bands. In this situation MCL which is considered for UTRA and E-UTRA UE is also applicable to GSM MS.

In this section, MCL is used to determine GSM RF signal level at UTRA and E-UTRA BS access to assess blocking from GSM MS when UTRA is used in a GSM band.

MCL is also evaluated to specific situations such as cars and buses for which Tx power is higher.

4.4.1 Blocking and MCL for UTRA and E-UTRA systems

Blocking level for UTRA and E-UTRA systems are respectively specified for -40 dBm and -43 dBm respectively. This is coherent with transmit power of UE [18] and [19]. 
For UTRA and E-UTRA, nominal RF power is 23 dBm in band VIII for power class 2, this leads to -47 dBm at BS access. Specified blocker corresponds to 5 UE equipments simultaneously transmitting at maximum power for UTRA or 2 to 3 UE for E-UTRA.
4.4.2 Blocking from small GSM MS on UTRA and E-UTRA BS

GSM MS RF nominal power ranges from 29 dBm (0.8 W) to 39 dBm (8W) with +/- 2 dB tolerance in normal conditions as detailed in table 4.1-1 from [1]. 

Two situations can therefore be considered:
For a Normal MS transmitting 33 dBm (nominal), considering 70 dB MCL leads to -37 dBm at BS receiver input. This is 10 dB higher than specified level of narrow-band blocker for UTRA systems (-47 dBm) and 12 dB higher than specified level of narrow-band blocker for E-UTRA systems (-49 dBm). 
For a high power MS transmitting 39 dBm, considering 70 dB MCL leads to -31 dBm at BS receiver input. This is 16 dB higher than the specified level.
These situations are reached for only one MS, and UTRA as well as E-UTRA blocking specification are equivalent to more than one UE.

It can be seen that only one GSM normal MS transmitting at full power would severely block a UTRA or E-UTRA BS at specification limit. In uncoordinated scenarios, MS could transmit at full power with a very low frequency offset to UTRA or E-UTRA channel.

For this reason, it is anticipated that UTRA and E-UTRA, when used in coexistence with GSM, should have a better blocking performance than the specification.
4.4.3 Blocking from high power GSM MS, in specific uses, to UTRA and E-UTRA BS in 900 MHz band

High power MS are often used in cars and buses. For such uses, MCL as determined for a pedestrian must be updated since there is no body loss and no masking effects; also, clearance to BS antenna is better. Body loss for hand held MS are considered to be 2 dB in table 4.2A of [5].
For buses, transmit power is often 39 dBm, and antennas can have up to 3 dBi gain which compensates for cable losses to antenna. Also, as far as antenna is placed in a good clearance position, propagation model are predicting lower propagation losses.

For example, Hata model for urban environment in small medium city leads to 6 dB difference at 1 km between 1.5 and 3 m height.

Therefore, MCL for cars and buses can be down to:
70 – 6 - 2 = 62 dB.
RF level at BS input can therefore be as high as:

39 dBm – 62 dB = -23 dBm.
This RF level is to be compared to published results as noted in [16].

Requested isolation to reach such an ER-GSM RF level at UTRA or E-UTRA BS access is:

 45 dBm – (-23 dBm) = 68 dB

In this latter situation, there is at least 5.5 MHz offset between UTRA and ER-GSM channels centre frequencies, and is has been shown that blocking performance can be better with larger frequency offsets.
Such isolation is lower than isolation between GSM BTS isolation as noted in Table 4, and Table 8.
It is to be noted that such an RF level is lower than GSM blocking level (-13 dBm), even when considering 5 MS simultaneously transmitting (similarly to UTRA situation).

Such scenarios would results in huge impacts on a wireless system since blocking is defined for 6 dB desensitization. It is assumed that such desensitization could occur very often and result in unacceptable interferences in a real network.
Such RF GSM blocker level at BS input are to be compared to the published results from [16], and could be considered as a justification of the need for a BS to perform better than specification, and this tends to be confirmed by actual implementation of wireless systems.
This can be considered as a complement to the previous section, it is anticipated that UTRA and E-UTRA used in coexistence with GSM should have a better blocking performance than the specification.
5 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.

Blocking scenarios can be summarized as follows:
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Figure 5: UTRA and E-UTRA BS blocking scenarios

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 Table 10.

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

Considering that wideband blockers are defined up to 925 MHz, an isolation between UTRA and E-UTRA Base Station can be evaluated from BS specifications, and for nominal performance level.
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Table 10: 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. 
Therefore, it is established that isolation between GSM BTS is up to 93 dB when considering inter-modulation. Isolation between UTRA or E-UTRA BS is around 99 dB from this computation. As explained, this higher isolation could come from specificities to these systems. Therefore, it is possible to assess that GSM to UTRA or E-UTRA isolation should be in between isolation between GSM BTS and isolation between UTRA and E-UTRA BS.

Considering 96 dB isolations between ER-GSM system and UTRA or E-UTRA BS, a 45 dBm transmission from an ER-GSM system would result in:

45 dBm – 96 dB = -51 dBm.

Such a level is lower than UTRA (-47 dBm) and E-UTRA (-49 dBm with 8 to 9 dB PAPR) specified narrow-band blocker level.
As section 4.4 has shown that actual blocking performances are likely to be better than the specified value, and frequency offset is higher up to ER-GSM band, which ensures a good margin.
6 Isolation between R-GSM and UTRA or E-UTRA 

Spurious emissions of UTRA and E-UTRA BS are specified in their operating UL band and also in other UL band. Emissions limits specified in 876 -915 MHz by [6] and [7] for coexistence with systems operating in other frequency bands is -61 dBm per 100 kHz.
This corresponds to -58 dBm/200 kHz.

Considering 0.8 dB desensitization to GSM systems in 900 MHz band as acceptable, and as long as thermal noise in 200 kHz is -121 dBm, spurious level at GSM BTS input should be lower than -128 dBm/200 kHz. 
Therefore, isolation between systems is assessed to be at least:

 -58 dBm – (- 128 dBm) = 70 dB. 
E-UTRA and now UTRA systems are using MIMO. MIMO 4x4 results in 4 times RF emissions, and therefore, isolation should be 76 dB not to cause permanent desensitization by more than 0.8 dB on GSM systems already operating in 900 MHz band.

With such isolations, a 45 dBm emission level in ER-GSM would be respectively -25 dBm and -31 dBm at BS access. These RF level are lower than BS blocking performance measurement results reported in [16], see section 4.2.

7 ER-GSM spurious emissions impact on systems in E-GSM band
In this section, ER-GSM BTS spurious emissions in 915 to 918 MHz are compared with spurious emissions levels at victim system input for GSM legacy, MCBTS, UTRA and E-UTRA systems. 
In a first step, applicable specifications are outlined. Then Tx rejection diplexer is determined and spurious at BTS or BS Rx input is determined and compared to spurious emissions from ER-GSM system. This leads at defining required isolation for 0.8 dB desensitization.

7.1 GSM legacy and MCBTS systems specifications
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 11: 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.

7.2 UTRA BS in E-GSM band 

Out of band emissions are specified for UTRA BS in [6], and apply as stated in the specification “at frequencies within the specified frequency ranges, which are more than 12.5MHz below the first carrier frequency used or more than 12.5MHz above the last carrier frequency used”.

This frequency range covers down to 915 MHz for E-GSM band. Therefore, this is the spurious emissions to be considered for defining rejection of Tx filter section of TRx BS diplexer. Table 6.9 of [6] defines -16 dBm/100 kHz RF power level.

RF level could also defined from spectrum emission mask is -20 dBm/100 kHz starting at 3.5 MHz offset from carrier. However, out of band is considered as the dimensioning element for Tx rejection in UL band as long as it is higher.

Table 6.10 of [6] states that spurious emissions in 880-915 MHz band should not exceed -96 dBm/100 kHz. Therefore, rejection at Rx band should be 80 dB.

7.3 E-UTRA BS in E-GSM band

Similarly to UTRA, two elements are to be considered: spectrum mask and out of band spurious emissions;  [7] specifies -13 dBm/MHz for all channel bandwidth at more than 1.5 MHz offset from edge of carrier occupied bandwidth for category B (chapter 6.6.3.2.2 of [7]).

Spurious emissions limits for same category of equipments as defined in section 6.6.4.1.2 of [7] is -36 dBm/100 kHz.

The dimensioning element for Tx filtering is spectrum mask, i.e. -13 dBm/MHz (i.e. -20 dBm/100 kHz).

Spurious emissions in UL band are defined as being lower than -96 dBm/100 kHz, therefore, rejection at 915 MHz should be 76 dB.

7.4 Requested isolations from ER-GSM spurious emissions
A first table is used to determine Tx rejection and slope. The slope is determined with the model used for Rx rejection. 
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 12: E-GSM band systems Tx rejection and spurious emissions
This table is for 1 MHz frequency shift.

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 level for 0.8 dB desensitization is computed.

In this table, a regular rejection slope is considered for Tx filter with frequency shift. Tx filter slope is computed using a similar model as with blocking computation.

For ER-GSM, the lower UL/DL guard band cannot afford 1 MHz thermal drift of air-filled coaxial resonators, and therefore a more sophisticated technology is to be considered, as for example ceramic filled cavities.
Note: the integration is made over the 3 MHz ER-GSM UL/DL guard band with 100 kHz increments.
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Table 13: Requested isolation with 1 MHz frequency shift
This computation has been performed for 0 to 3 MHz frequency shift, 3 MHz situation is shown below.
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Table 14: Requested isolation with 3 MHz frequency shift
It can be seen that requested isolation is always much lower than BTS to BTS isolation as computed in section 3.3.3 and section 6. 
Therefore, actual desensitization from ER-GSM spurious emissions is negligible as compared to own base station spurious emissions.
As noted in 3.3.3 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.
8 ER-GSM spurious emissions in UL band

Spurious emissions in UL band for R-GSM systems is defined as -89 dBm/100 kHz in table 4.3.4 of [1].

ER-GSM systems UL band covers R-GSM band plus 3 MHz. This extension is currently out of R-GSM systems UL band.

Therefore, same RF level is acceptable for ER-GSM systems since this does not change RF level emissions in existing E-GSM band. Channels in the 3 MHz extension have higher frequency offset to E-GSM UL channels than R-GSM UL band, and therefore no impacts are expected on E-GSM systems. Deployment scenarios for ER-GSM systems versus other systems are similar to R-GSM systems, and then situation for other systems stays unchanged.

9 Conclusion

This contribution has explored several aspects of ER-GSM band introduction impacts.

It is established that GSM BTS specifications are already covering ER-GSM band for blocking aspects. In band blocking definitions are already covering R-GSM frequency band, and ER-GSM is covered in the same way. For this reason, impacts to GSM systems already installed in the field should be similar to impacts of R-GSM systems.

Furthermore, evaluation of BTS receiver filtering capabilities shows that there is a complementary protection already available at low end of ER-GSM Down-Link band.
These two elements show that main emissions of ER-GSM system should not block GSM systems already installed in the field.
Several indications from specifications, actual installation in the field  and published results show that Blocking of UTRA and E-UTRA systems by GMSK signals is stronger with interferer at 918 MHz than what strictly appears from specifications with narrow band interferer closer to wanted signal.
As main emissions of ER-GSM are closer to E-GSM Up Link band, than with R-GSM band, an evaluation of spurious emissions has been made. This analysis shows that spurious emissions integrated over the DL/UL guard band are low enough not to impact reception with isolations as outlined from applicable specifications. This analysis has been performed for GSM systems, legacy and MCBTS, and for UTRA and E-UTRA systems.
An analysis has been performed to determine BS to BS isolation for UTRA and E-UTRA standards. This isolation is higher than between GSM BTS, and actual isolation between GSM and UTRA or E-UTRA BS is higher than between GSM BTS. Such an isolation is high enough to avoid blocking from ER-GSM main emissions.
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