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******************** First Changed Section *************************************************

22
ER-GSM band introduction
As per the Work Item RT_ERGSM approved at 3GPP GERAN #51 in [1], it is required that investigations are performed to ensure that introduction of RF requirements for ER-GSM equipments usage will minimize the potential impacts to existing 3GPP systems in the E-GSM band and secure that the current 3GPP GERAN requirements of the existing GSM 900 bands and therefore dedicated equipment and services are not affected.

Annex ZD is therefore created to meet that requirement and gives background information on introduction of ER-GSM band scenarios.
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Annex ZD: ER-GSM band introduction
ZD.1
Introduction

In Europe within the CEPT area it was decided in June 2009 to allow the use of the band 870-876/915-921 MHz, which is planned for applications within the land mobile servic based on national possibilities and national market, see [2].
In [2] it is decided that the frequency requirements for Wide Band Digital Land Mobile PMR/PAMR systems referred to in the Annex to this Decision shall be met within the bands 870-876 MHz paired with 915-921 MHz with 45 MHz duplex spacing between the transmit frequencies of mobile stations (870-876 MHz) and the transmit frequencies of bases stations (915-921 MHz), GSM-R within the bands 873-876 MHz / 918-921 MHz is considered as a subset of PMR/PAMR.

In countries where [2] is implemented 3 MHz additional RF bandwidth is available for European Railway use in ER-GSM band, provided that those frequencies are granted by the National regulator. With this introduction, the guard band between UL and DL is reduced to 3 MHz.
This annex aims at capturing the co-existence studies that were produced at 3GPP TSG GERAN level and related inputs given by 3GPP TSG RAN4 on the requirements of UTRA and E-UTRA systems deployed in E-GSM band.
ZD.2
Generalities on Working assumption and methodology
ZD.2.1 Evaluation on impacted requirements
Use of GSM systems in ER-GSM band may impact the performance of systems already deployed in band VIII, such as Public GSM systems (legacy BTS or MCBTS), UTRA BS or E-UTRA BS.

Those systems can be impacted by:

· Main emissions in DL band that could result in blocking of installed systems.

· Tx spurious emissions in UL/DL guard band and in E-GSM UL band

NOTE: 
Co-existence study in [3] concluded that spurious emissions from ER-GSM equipments have no impact on systems already deployed in the field. Therefore, this topic is not developed in this annex.

Evaluation of these elements can be made by evaluating RF level of aggressor systems at system input of victim system. This can be done with the general equation below:

Pin = Tx power – Rejection – Isolation where

· Pin = RF power level at victim system input;  Rejection = Rx filter rejection of victim receiver

NOTE: In some situation, rejection is not to be considered

· Isolation = isolation between aggressor and victim system.

In the next chapters, Isolation and Rejection will be evaluated for all relevant scenarios.

Currently [4] defines a requirement on the level of Tx spurious emissions in BTS receive band as -89 dBm/100 kHz for a R-GSM BTS (c.f. Table 4.3-4). It has been approved within TSG GERAN that this level can be kept unchanged for a ER-GSM BTS since the introduction of this new band results in same scenario as for R-GSM band.

ZD.2.2
Assumptions
ZD.2.2.1

RF performances
RF performances assumed for the impacted systems have been agreed during the study on ER-GSM introduction for evaluations in 3GPP TSG GERAN and by liaisoning with 3GPP RAN4. Open issues in this regard were raised to 3GPP RAN4 to their specifications [6] and [7]. In [8] 3GPP RAN4 provided feedback on UTRA and E-UTRA RF performances to be assumed for the evaluation of the impact on UTRA and E-UTRA systems in the E-GSM band. 

The assumptions on RF performances for the impacted systems (victim systems) are summarized below:

Nominal Sensitivity

· GSM BTS nominal sensitivity: -110 dBm

NOTE: 
Reference sensitivity for GSM BTS systems is specified at -104 dBm. However, state of the art BTS have significantly better sensitivity than specified. Therefore, this is considered in the feasibility study
· UTRA BS nominal sensitivity: -121 dBm

· E-UTRA BS nominal sensitivity: -101.5 dBm

NOTE: 
Nominal sensitivity for UTRA and E-UTRA BS are aligned to specifications [6] and [7] as outlined by TSG RAN4 in [8].

Acceptable desensitization 

· Acceptable desensitization of victim system:  0.8 dB

NOTE:
While specified desensitization criteria for blocking and intermodulation interferers are 3 dB for GSM BTS and 6 dB for UTRA and E-UTRA BS, feasibility study on ER-GSM introduction considered desensitization of impacted systems of 0.8 dB. This is because emissions of ER-GSM BTS in the DL band 918-921 MHz are likely to be more continuous. The 0.8 dB desensitization criteria was found acceptable by TSG RAN4[8].

Minimum Coupling Loss 

· Minimum coupling loss between ER-GSM BTS and victim base station receiver for uncoordinated deployment scenario: 67 dB. 
NOTE: 
This figure is based on the assumed minimum coupling loss between base stations [5].
Blocking performance
· Blocking performance for a GSM victim BTS is derived based on GERAN specification [4] for an inband blocker with an offset larger than 3 MHz as outlined in section ZD.2.2.3.

· For blocking performance of UTRA and E-UTRA BS in the ER-GSM band feedback was received in [8] that the assumed performance should be as specified in [6] and [7] meaning that the inband blocking requirement in the band 880-915 MHz is also applicable for the blocker at lowermost ER-GSM carrier frequency at 918.2 MHz and that there is no specific requirement in RAN4 specifications for a blocker at uppermost ER-GSM carrier frequency at 921.0 MHz. Further information on the derived performance at 918.2 MHz is provided in section ZD.2.2.3.
ZD.2.2.2
Blocker rejection by victim public base station
Receiver from victim system could be partly protected by rejection of diplexer or Rx filter. 
It was however agreed in TSG GERAN that public BSs exist where there is no rejection at lowermost ER-GSM carrier frequency at 918.2 MHz (taking into account frequency drift and ensure a flat insertion loss over the frequencies in the pass band). In addition 0 dB rejection at 918.2 MHz corresponds to assumptions for victim UTRA and E-UTRA BS in 3GPP RAN4[8]. Hence this worst case scenario has been considered for the evaluation in the present annex in order to determine the maximum ER-GSM output power per carrier in case of uncoordinated and coordinated networks. For the transition region between 918.2-921.0 MHz a linear slope was agreed. The blocking rejection model for the victim receiver is depicted below in Figure 1.
 SHAPE  \* MERGEFORMAT 



Figure 1: Blocker rejection  model over UL/DL guard band assumed for victim base station (E-GSM, UTRA, E-UTRA BS). 

Based on feedback received from several network manufacturers, the two parameters of the blocker rejection model for the victim base station were defined in TSG GERAN: 

· There is no protection for the lowest ER-GSM carrier frequency at 918.2 MHz, hence the cut-of.frequency for the slope is at 918.2 MHz. 

· The slope coefficient of the linear slope in the frequency range between 918.2 and 921.0 MHz is 6 dB/MHz for GSM BTS victim system.  
· The slope coefficient of the linear slope in the frequency range between 918.2 and 921.0 MHz is 11 dB/MHz for UTRA BS or E-UTRA BS victim system.  

ZD.2.2.3
Blocking and Intermodulation reminders
In case of impact of ER-GSM BTS to GSM BTS victim station, a blocker level of -13 dBm was assumed for single carrier legacy BTS and a blocker level of -25 dBm for MCBTS according to inband blocking specification for a blocker with a larger offset than 3 MHz specified in [4]. 

In case of impact of ER-GSM BTS to UTRA/E-UTRA BS victim station, from the investigation carried out in 3GPP RAN4 [8], a required isolation between GSM BTS and UTRA/E-UTRA BS systems of 104 dB / 106 dB for an  assumed output power of 45 dBm per GSM carrier for ER-GSM BTS is determined. This investigation is based on different assumed modulations for the narrowband blocker level: whilst UTRA narrow blocking specification [6] is based on  -47 dBm for a GMSK modulated blocker, E-UTRA narrow blocking specification [7] is based on -49 dBm for an E-UTRAN UE blocker carrying 1 Resource Block having a higher PAPR than the GMSK signal. Thus  it was agreed to align the UTRA and E-UTRA blocking requirements for the present study by reusing the blocker level defined for  UTRA (-47 dBm) for the E-UTRA analysis. Application of intermodulation requirements was not considered further, since these correspond to inband interferers with same interferer power, whilst in the present scenario victim receiver filter attenuation on two carriers from the ER-GSM BTS is assumed to be different.
ZD.2.2.4

Desensitization computing method
In order to simplify the computations a method has been elaborated to evaluate requested protection level for a given desensitization (0.8 dB) from applicable specifications. Specified desensitization criteria are 3 dB for GSM and 6 dB for UTRA and E-UTRA.

In order 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.

Comparing noise in a given bandwidth:

Thermal noise floor:







KTB
After amplification with noise figure N:

NKTB (equivalent at Rx input)
Desensitization by X, noise floor becomes:
X NKTB

Added noise = (X-1) NKTB
Desensitization by Y, noise floor becomes:
Y NKTB

Added noise = (Y-1) NKTB
Ratio: 
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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 = 0.8 dB

Delta (dB) = 15.4 dB.
Acceptable blocker for a BTS with -110 dBm nominal sensitivity is:

-13 dBm – 15.4 dB = -28.4 dBm (for 0.8 dB desensitization)

ZD.2.2.5
Coordinated and uncoordinated deployment

At CEPT coordination between public and railway operators is recommended to alleviate interference cases reported by some railway operators (see [9]). This recommendation would be applicable to ER-GSM deployment as well. Considering this possibility, requirements on RF parameters in coordinated case could be adjusted, in particular for the Minimum Coupling Loss to be used.

ZD.2.2.6
Exception to blocking requirement for ER-GSM mobiles
Because of the reduction of the guard band between RX and TX band to 3MHz it was assumed that some relaxation related to out-of-band blocking performance for interferers in the upper 3 MHz range of the E-GSM UL band  is needed for implementation reasons. A relaxed value for the blocking requirement (see Table 5.1-2b Exceptions to Blocking requirements of [4]) is therefore considered: -12 dBm instead of -7 dBm (R-GSM small MS) and -5 dBm (R-GSM MS), respectively.

ZD.3
Victim receiver performance for lowest frequency offset of ER-GSM interferer  

In this section the assumed receiver performance for the victim base station (E-GSM, UTRA, E-UTRA) is derived from existing blocking performance requirements in 3GPP specifications ([4],[6],[7]) and based on the assumptions in section ZD.2. The performance is applicable for the lowest frequency offset of the ER-GSM carrier from the EGSM UL band, i.e. at 918.2 MHz, where no receiver filter attenuation is assumed, see clause ZD 2.2.2. The case of co-existence between public and railway GSM systems is considered only. 
ZD.3.1
GSM BTS as victim receiver
In this section GSM BTS of a public GSM system is considered as victim receiver and the maximum interferer level of the DL carrier frequency of the ER-GSM base station at the victim receiver antenna port is determined for the lowest frequency offset (918.2 MHz).  In-Band blocking is defined up to bottom of DL band (925 MHz) according to applicable standards, therefore, enough isolation shall be met so that base station are not blocking each others. Desentisitization from standard is converted to acceptable desensitization using the desensitization computing method. The analysis is performed for blocking.

Table 1 presents these evaluations for GSM legacy BTS and GSM MCBTS as victim receiver for nominal performance level.
	
	One BCCH at full power, fixed frequency at lower Tx channel edge

	Accepted desensitization
0.8 dB
	SCBTS
Nominal
	MCBTS
Nominal

	Sensitivity with blocker
	-101.0 dBm
	-101.0 dBm

	Nominal sensitivity
	-110.0 dBm
	-110.0 dBm

	Desensitization
	9.0 dB
	9.0 dB

	Accepted desensitization
	0.8 dB
	0.8 dB

	Delta
	15.4 dB
	15.4 dB

	Blocker level
	-13.0 dBm
	-25.0 dB

	Corrected blocker level
	-28.4 dBm
	-40.4 dBm


Table 1: Maximum ER-GSM blocker leval at victim base station (GSM BTS).

From this evaluation the maximum allowed blocker level at victim receiver antenna connector of -28.4 dBm results in case of GSM legacy BTS and of -40.4 dBm in case of GSM MCBTS as victim receiver. 
ZD.3.2
UTRA/E-UTRA BS as victim receiver
In this section UTRA or E-UTRA BS, respectively, of a public GSM system is considered as victim receiver and the maximum interferer level of the DL carrier frequency of the ER-GSM base station at the victim receiver antenna port is determined for the lowest frequency offset (918.2 MHz). In-Band blocking is defined up to bottom of DL band (925 MHz) according to applicable standards, therefore, enough isolation shall be met so that base station are not blocking each others. Desentisitization from standard is converted to acceptable desensitization using the desensitization computing method. The analysisis is performed for blocking.
Table 2 presents the evaluation for  UTRA BS as victim receiver for the nominal performance level.

	
	One BCCH at full power, fixed frequency at lower Tx channel edge

	Accepted desensitization
0.8 dB
	UTRA BS
Nominal

	Sensitivity with blocker
	-110.0 dBm

	Nominal sensitivity
	-121.0 dBm

	Desensitization
	6.0 dB

	Accepted desensitization
	0.8 dB

	Delta
	11.7 dB

	Blocker level
	-47.0 dBm

	Corrected blocker level
	-58.7 dBm


Table 2: Maximum ER-GSM blocker leval at victim base station (UTRA BS).

From this evaluation the maximum allowed blocker level at victim receiver antenna connector of -58.7 dBm results in case of UTRA BS as victim receiver. According to the consideration in clause 2.2.3 the maximum ER-GSM blocker level for UTRA BS is also assumed for E-UTRA BS. 
ZD.4
Victim receiver performance in the ER-GSM frequency range 
In this section the assumed receiver performance for the victim base station (E-GSM, UTRA, E-UTRA) is derived from the receiver blocker rejection model in the frequency range 918.2 to 921.0 MHz for victim base station depicted in clause ZD.2.2.2 as well as from the determination of the maximum allowed blocker level at lowest frequency offset of the ER-GSM interferer, i.e. at 918.2 MHz, depicted in table 1 in clause ZD.3 for GSM victim base station and in table 2 for UTRA/E-UTRA base station, respectively for the case of co-existence between public and railway GSM systems. 

ZD.4.1
GSM BTS as victim receiver 
In the ER-GSM frequency range 918 to 921 MHz victim receiver has got additional protection according to the blocker rejection model in clause ZD 2.2.2. Hence the maximum blocker level at victim GSM base station as depicted in clause ZD 3.1 for a blocker at 918.2 MHz can be increased by the additional rejection provided for the ER-GSM carrier frequency under investigation. 

Thus the ER-GSM blocker level Pin,max at the victim BTS receiver should be at most:

· Pin,max = -28.4 dBm + (f-918.2)*6 dB in case of coexistence with legacy GSM BTS

· Pin,max = -40.4 dBm + (f-918.2)*6 dB in case of coexistence with GSM MCBTS

The calculation rule related to MCBTS as victim requiring a higher receiver protection is selected for coexistence with public GSM systems.   

It has been agreed in 3GPP TSG GERAN to specify for unccordinated operation between public mobile and GSM railway networks the maximum output power level at the agreessor side (ER-GSM) rather than the maximum allowed interferer level at victim BS receiver side. 

Taking into account the assumed MCL=67 dB for uncoordinated network operation, see clause ZD.2.2.1, the maximum output power Pout,max of the ER-GSM BTS per GSM carrier for uncoordinated networks with GSM BTS as victim receiver will be : 

· Pout,max = -40.4 dBm + 67 dB + (f-918.2)*6 dB =  26.6 dBm + (f-918.2)*6 dB

with f being the DL frequency between 918.2 … 921.0 MHz.
ZD.4.2
UTRA/E-UTRA BS as victim receiver 
As for GSM victim BTS, victim UTRA/E-UTRA BS receiver in the ER-GSM frequency range 918 to 921 MHz has got additional protection according to the blocker rejection model in clause ZD 2.2.2. Hence the maximum blocker level at victim UTRA/E-UTRA base station as depicted in clause ZD 3.2 for a blocker at 918.2 MHz can be increased by the additional rejection provided for the ER-GSM carrier frequency under investigation. 

Thus the ER-GSM blocker level Pin,max at the victim BS receiver should be at most:

Pin,max = -58.7 dBm + (f-918.2)*11 dB in case of coexistence with UTRA or E-UTRA BS

It has been agreed in 3GPP TSG GERAN to specify for unccordinated operation between public mobile and GSM railway networks the maximum output power level at the agreessor side (ER-GSM) rather than the maximum allowed interferer level at victim BS receiver side. 

Taking into account the assumed MCL=67 dB for uncoordinated network operation, see clause ZD.2.2.1, the maximum output power Pout,max of the ER-GSM BTS per GSM carrier for uncoordinated networks with GSM BTS as victim receiver will be : 

· Pout,max = -58.7 dBm + 67 dB + (f-918.2)*11 dB =  8.3 dBm + (f-918.2)*11 dB

with f being the DL frequency between 918.2 … 921.0 MHz.
ZD.5
Specified requirement based on co-existence analysis
From the evaluations in the present annex, it appears some specific RF requirements are needed to ensure co-existence of ER-GSM and other 3GPP systems deployed in E-GSM band. In particular the BTS transmitter maximum rated output power per carrier shall be subject to regulatory coordination to avoid uncoordinated system impacts based on the case of uncoordinated or coordinated deployment in the same geographical area with other systems in the E-GSM band as given in the present annex. 
5.1 Uncoordinated deployment

In case of uncoordinated deployment with other systems in the E-GSM band, in order to prevent blocking, the BTS transmitter maximum rated output power per carrier, measured at the input of the transmitter combiner, in the frequency range 918-921 MHz shall be at most:

· -40.4 dBm + MCL + (f-918.2)*6 dB in case of coexistence with GSM BTS

· -58.7 dBm + MCL + (f-918.2)*11 dB in case of coexistence with UTRA and E-UTRA BS

where f = DL frequency in MHz, 918.2 ≤ f ≤ 921.0 and MCL=67dB.

NOTE:
While specified desensitization criteria for blocking and intermodulation interferers are 3 dB for GSM BTS and 6 dB for UTRA and E-UTRA BS, feasibility study on ER-GSM introduction considered desensitization of impacted systems of 0.8 dB. This is because emissions of ER-GSM BTS in the DL band 918-921 MHz are likely to be more continuous.
5.2 Coordinated deployment
In case of uncoordinated deployment with other systems in the E-GSM band, MCL higher than 67 dB can be taken into account to allow higher output power from an ER-GSM BTS transmitting in 918-921 MHz.
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