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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 GERAN 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. This should also be performed for 3GPP systems outside of TSG GERAN’s responsibility.
A annex ZD is therefore created to meet that requirement and gives background information on introduction of ER-GSM band scenarios.

******************** Next Changed Section *************************************************

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 ECC/DEC/(04)06 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.

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 reduced to 3 MHz. This might impact system already installed as frequency offset between UL and DL band is lower.
[image: image1.emf] 


Figure 1: 900 MHz frequency bands
This annex aims at capturing the co-existence studies that were produced at 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.

· Spurious emissions in UL/DL guard band

NOTE: Co-existence sudy in [3]concluded that spurious emissions from ER-GSM equipments has 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 spurious emissions in BTS receive band as -89 dBm/100 kHz (c.f. Table 4.3-4). It has been approved within GERAN TSG that this level can be kept unchanged for ER-GSM band 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 systems have been agreed during these evaluations. They are summarized as follows:

· Transmitted power = 45 dBm per GSM channel for all systems

· Return loss of antenna at system connector = 15 dB
· GSM system nominal sensitivity = -110 dBm

NOTE: Reference sensitivity for GSM 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

· 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. This assumption is also mentioned in [5].
· UTRA nominal sensitivity = -121 dBm

· E-UTRA nominal sensitivity = -101.5 dBm

ZD.2.2.2
Rx filtering tolerances
Receiver from victim system could be partly protected by rejection of diplexer or Rx filter. It was however agreed that public BSs exist where there is no rejection at 918 MHz (taking into account frequency drift and ensure a flat insertion loss over the frequencies in the pass band).  5 dB scenario has also been considered as it has been stated that this could be reflective of  many BTS and BS. For the transition region between 918-921 MHz a linear slope was agreed. An example is provided in Figure 1.
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Figure 1: Diplexer model over UL/DL guard band Rejection at 918 MHz depends on frequency shift, and slope is a function of rejection at 918 MHz.
ZD.2.2.3
Blocking and Intermodulation reminders
Several frequency band evolutions occurred since the beginning of GSM system development. The extension of P-GSM band to E-GSM band reduced UL/DL guard band by 10 MHz, later R-GSM band introduction reduced the guard band by another 4 MHz. It is important to note that these introductions went through without any issue in spite of a 70% reduction of UL/DL guard band.

Figure 2 and 3 present graphical representation of applicable standards for blocking and inter-modulation, established to emphasize performance requirement as a function of the frequency band. 
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Figure 2: GSM blocking scenarios
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Figure 3: UTRA and E-UTRA BS blocking and inter-modulation scenarios
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: 











(NKTB (X-1) / NKTB (Y-1))

 
 
 
 
 
 
 
 
 
 
 
 
 (X-1) / (Y-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 = 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
MCBTS specific blocker level

[6] specifies two power levels for blocker: -25 dBm with -101 dBm sensitivity and -16 dBm with -92 dBm sensitivity, Desensitization computization  has been applied on these two definitions for specified and nominal sensitivity:

For specified sensitivity (-104 dBm)

· -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

These two specification methods are leading to comparable results, and therefore, only the one in [6] is considered in the following since it is based on similar desensitization as in [4].

ZD.3
Actual isolation between systems
In this section actual isolations between systems are computed from applicable specifications based on blocking and intermodulation analysis. Computations based on  nominal RF performances indicate actual isolation met in the field.
ZD.3.1
GSM to GSM system isolation
GSM to GSM system isolation are computed as this is applicable to GSM-R to public GSM systems. ER-GSM systems are to be delployed on R-GSM sites, and therefore, ER-GSM system to public GSM system will be equivalent to these isolations.

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 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 and intermodulation.

NOTE: analysis is performed for 45 dBm transmit RF power, however, in [4] transmitted RF power in GSM band VIII band can be significantly higher.

Table 1 is presenting these evaluations for legacy and MCBTS for specified and nominal performance level.
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Blocker level

BTS to BTS isolation



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



Corrected blocker level

Input Data

Sensitivity with Blocker

Nominal Sensitivity

Desensitization

Accepted  Desensitization

Delta

0,8 dB TxP = 45 dBm

Blocking

Intermodulation



Two Channel at full power


Table 1: BTS to BTS isolation from blocking specifications
Desensitization due to inter-modulation is 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.

BTS to BTS isolation computed from specified RF performance is what is given by the standard, and isolation from nominal performance level is what is demonstrated in the field. From this table, ER-GSM to public GSM system is demonstrated to be at least 93.1 dB.
ZD.3.2
GSM to UTRA and E-UTRA systems isolations from applicable standards
GSM to UTRA and E-UTRA systems isolations are computed based on applicable standards and presented in Table 2. Those isolations are applicable to public and railway GSM systems. Therefore, ER-GSM will benefit from same isolation to UTRA and E-UTRA systems.
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Table 2: GSM isolation to UTRA and E-UTRA systems based on inter-modulation
UTRA and E-UTRA have been specified after introduction of E-GSM and R-GSM bands, and these bands are not excluded from inter-modulation interferers. Therefore, it can be assessed that enough isolation between GSM and UTRA or E-UTRA systems is assumed so that R-GSM signals have not impact on UTRA/E-UTRA systems.
NOTE: from frequency band overlap, situation for the ER-GSM band is the same as for existing R-GSM band.
ZD.3.3
GSM to UTRA and E-UTRA systems isolations based on RAN4 inputs
During the study on ER-GSM introduction questions were raised to RAN4 on their specifications [7] and [8]. In [9], 3GPP RAN 4 did provide clarifications on UTRA and E-UTRA systems performance. This is summarized as follows:

· Nominal sensitivity:  it is difficult to set a general typical level.

· Blocking performance in ER-GSM band of E-UTRA and UTRA is similar to value as specified in [7] and [8]
· Blocking requirement in 880-915 MHz is also applicable at 918 MHz

· There is no specific blocking requirement at 921 MHz

· 0.8 dB desensitization criteria is acceptable

As a summary, based on those inputs, isolation between GSM and UTRA/E-UTRA systems is required to be 104 to 106 dB.

ZD.4
Demonstrated acceptable isolations
In this section, several studies and evaluations that have been performed to evaluate impacts of GSM on UTRA and E-UTRA are taken into consideration. These are giving information about acceptable isolations between systems.
ZD.4.1
Published tests results
Some public operators may need to allocate GSM channels closer to UMTS center frequency than the 2.8 MHz which is specified for blocking test. A characterization has been performed in [10]. Table 1 of this publication shows that actual blocker level at 2.8 MHz offset is -23 dBm which is better than the specified level by 24 dB.
Therefore, acceptable isolation between ER-GSM BTS and UTRA BS is: 45 dBm – (-23 dBm) = 68 dB.
NOTE: this considers no rejection of receive filter at 918 MHz.
ZD.4.2
Indications from coexistences studies with UTRA
Coexistence studies have performed ACS (Adjacent Channel Selectivity) studies for UTRA systems in [11]. Table 6 of this report 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.

As a consequence, acceptable isolation between ER-GSM and UTRA is likely to be lower than evaluations based on specifications; however it is not possible to evaluate the difference.

ZD.4.3
Indications from actual uses in the field
UTRA and E-UTRA systems are currently deployed in coexistence situation with GSM systems in 900 MHz bands. In this situation MCL which is considered for UTRA and E-UTRA UE (70 dB) is also applicable to GSM MS. This 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 for specific situations such as cars and buses.

Blocking level for UTRA and E-UTRA systems are respectively specified for -40 dBm and -43 dBm. This is coherent with transmit power of UE in [7] and [8].  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.
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 of [4].

Several situations are considered as a function of MS class and installation. For each situation, an acceptable isolation between GSM to UTRA or E-UTRA system is derived with following inputs:

· MCL: budget incorporates 2 dB body loss, this is not applicable when an external antenna is used

· Transmit power is 33 dBm for Class 4 MS and 39 dBm for Class 1 MS (for bus and trains).

· Antenna gain:

· car pre-installed MS is using an external antenna with 3 dB gain, and 1 dB cable loss

· Bus or Train MS is using 4 dB gain antenna with 2 dB cable losses.

Acceptable isolations to ER-GSM system are computed in the following table.
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Table  3: Acceptable isolation based on actual coexistence in 900 MHz band.

These computations are based on only one mobile transmitting, systems already in the field should sustain several mobiles simultaneously, for example, blocking for GSM, UTRA and E-UTRA are specified assuming simultaneous emission from several MS or UE. Therefore acceptable isolations should be lower.
ZD.5
Required Isolations and Rx filter slope
Evaluation of actual performance and actual coexistence situations are considered to compute required isolations between systems to minimize impacts of introducing the new frequency band.

An evaluation is performed for robustness to main emissions in ER-GSM band and to spurious emissions in UL/DL guard band.
Two rejection possibilities by Rx filter are to considered:

1) Nominal case: 5 dB rejection
Required isolation between ER-GSM is 5 dB lower than isolations as computed in table 1.

2) Worst case: 0 dB rejection (this corresponds to assumptions from 3GPP RAN4)
Required isolation between ER-GSM is 5 dB lower than isolations as computed in table 1.
ZD.5.1
Required isolations between ER-GSM and GSM systems
Acceptable isolations between GSM systems need evaluation of rejection of receive filtering at BTS input. Two situations have been considered:

· Receiver coupled to the antenna through a diplexer

· Receiver coupling to the antenna through a receive only filter.
NOTE: This second approach made during feasibility study concluded that similar rejection are met at 918 MHz, and therefore, this part is not presented in this annex.
ZD.5.1.1
Methodology

It is considered that a BTS should not be desensitized by its own emission (blocking or intermodulation). 15 dB antenna system return loss leads to evaluating requested diplexer rejection at 925 MHz. This, in turn leads to evaluate rejection at 918 MHz when applying the diplexer model of figure 5 for a given Freq shift performance, and gives indication on value of the slope.

The computation is performed in the following table. At TSG GERAN a consensus occurred about considering 5 dB rejection for Receive filter at 918 MHz, this corresponds to 1.59 MHz frequency shift for MCBTS and 1.48 MHz for legacy BTS. The computation is performed for this value.
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Isolation @ 921 MHz

Required isolation for 

accepted desensitization

Reduced blocker level

Reflected power

Blocker level

Isolation @ 918 MHz

Sensitivity with Blocker

Nominal Sensitivity

Desensitization

Accepted  Desensitization
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GSM -13 dBm GSM MCBTS -25 dBm

BTS to BTS isolation

ER-GSM 918 MHz @ Rx input 

with Rx filter rejection

Requested isolation @ 925 MHz

A

B

C = A - B

D

E from C&D

F

G = F - E

H = TxP - Return Loss

I = H - G

J = I / (10( MHz)-(2 x Freq shift-Rx Guard Bd))

K = J x (3 - (Freq shift+Rx_Guard Bd))

O = K + 3 x J

L = TxP - G

M = TxP - L - K

N = TxP - G - M


Table 4: Computation based on 5 dB rejection at 918 MHz
This evaluation has been performed for several level of frequency stability of diplexers, for blocking and intermodulation.
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Table 5: Diplexer slope and 918 MHz rejection as a function of diplexer Frequency drift
Important frequency shifts of diplexer pushes for very steep slope: 0 dB rejection at 918 MHz requires 15.6 dB slope. 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.
ZD.6
Synthesis
The evaluations made in the previous chapters are summarized in this section.

ER-GSM benefits of up to 93.1 dB isolation to public GSM systems (table 1)

ER-GSM benefits of 96.9 dB isolation to UTRA systems and 108.7 dB to E-UTRA systems in band VIII.

Informations provided by 3GPP RAN4 recommend considering a MCL of 104 dB to UTRA and 106 dB to E-UTRA.

Acceptable isolations are reduced by 5 dB in nominal situation; however, worst case provides no extra protection. It is to be noted that 0 dB rejection requires a high slope over UL/DL guard band, and therefore even though this scenario is to be considered, it is not likely to happen (see ZD.5).

Acceptable isolation between ER-GSM and UTRA system ranges from 82 dB to 68 dB depending on the scenario under consideration (section ZD 4).

It appears that some scenario lead to consider potential impact to systems already deployed in the field, and therefore, some mitigation techniques should be used when necessary.
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