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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 document GP-111468, 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

The ECC Decision of 19 March 2004 on the availability of frequency bands for the introduction of Wide Band Digital Land Mobile PMR/PAMR in the 400 MHz and 800/900 MHz bands (ECC/DEC/(04)06) amended 26 June 2009, addresses, among others,  the use of the band 870-876/915-921 MHz, which is planned for applications within the land mobile service based on national possibilities and national market demands.

In ECC/DEC/(04)06 it is decided that 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.
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Figure 1: 900 MHz frequency bands
To follow this Decision and help national administrations to reference the potential usage of the band ER-GSM band 873-876/918-921 MHz for GSM-R systems, Work Item RT_ERGSM was approved at 3GPP GERAN #51 in document GP-111468, to include ER-GSM band in the 3GPP GERAN specifications for harmonization purpose.

As per this Work Item, the introduction of RF requirements for ER-GSM equipments usage shall minimize the potential impacts to both existing GERAN systems in the E-GSM band as well as 3GPP systems outside of TSG GERAN’s responsibility in the same E-GSM band.
This annex aims at capturing the co-existence studies that were produced at GERAN level, the inputs given by 3GPP TSG RAN4 on the requirements of UTRA ans E-UTRA systems deployed in E-GSM band, as well as some mitigation techniques that might be applied by the national spectrum regulator for deployment of ER-GSM equipments.
ZD.2
Generalities on Working assumption and methodology
Use of GSM systems in ER-GSM band may impact performances of systems already deployed in band VIII, such as Public GSM systems, legacy BTS or MCBTS, UTRA or E-UTRA.

Those systems can be impacted by:

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

· Spurious emissions in UL/DL guard band

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

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.

Note on the impact of spurious emissions in the UL band:

Currently 3GPP TS 45.005 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.2.1
Assumptions
ZD.2.1.1
Overall methodology
The evaluations performed in this annex are using an MCL (Minimum Coupling Loss) approach. This is a worst case analysis, and this methodology minimizes impacts, since real life scenarios can be better than the computed scenarios.
ZD.2.1.2

RF performances
RF performances assumed for the systems have been agreed during these evaluations. They are summarized as follows:

· Transmitted power = 45 dBm per channel whatever the standard

· Return loss of antenna at system connector = 15 dB

· GSM system nominal sensitivity = -110 dBm

· Acceptable desensitization of victim system = 0.8 dB

· UTRA nominal sensitivity = -123 dBm

· E-UTRA nominal sensitivity = -103.5 dBm

· This performance level has not been endorsed by 3GPP RAN4 as nominal sensitivity is equipment specific. However, this value has been retained as a basis for the following analyzes.
ZD.2.2

Blocking and inter-modulation situation of GSM, UTRA and E-UTRA standards
Figure 2 illustrates frequency band situation with the introduction of the new band. 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.

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

Figure 3 presents a 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 3: GSM blocking scenarios
Figure 4 summarizes Blocking and inter-modulation scenarios for UTRA and E-UTRA.
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Figure 4: UTRA and E-UTRA BS blocking and inter-modulation scenarios
ZD.2.2.1
Rx filtering tolerances
Receiver from victim system is partly protected by rejection of diplexer or Rx filter. For an MCL analyzes, it is important to assess the potential rejection of these filters over ER-GSM band (918 – 921 MHz). A model has been used to take into account tolerances.

Tolerance occurs at corner frequency and maximum rejection must be kept in spite of deviations. It has also been assessed that diplexer need some guard band to ensure delivering a flat insertion loss over frequency in the pass band. This is represented in Figure 5:
[image: image5.emf]915 918

925

0 dB

Rejection

Freq shift

Regular 

slope

Rejection @ 918 MHz

921

Rejection @ 921 MHz

MHz


Figure 5: Diplexer model over UL/DL guard band
In this annex, whenever applicable, the following parameters are retained for the tolerance:

· Rx Guard Band = 1 MHz

· Freq shift = 0 to 2 MHz is to be considered

ZD.2.3

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. Several levels of acceptable desensitizations are specified for given interferers. In GSM, this is often 3 dB 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.
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, 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)
A similar computation is also applicable with phenomenon with a non dB per dB characteristics provided a correction is applied. This is what is done for inter-modulation scenarios.
As a summary:

· X dB = desensitization considered by standard

· Y dB = acceptable desensitization

· Specified interferer must be reduced by Delta (dB)
Delta (dB) = 10 log((10^(Xdb/10)-1)/(10^(Ydb/10)-1))
Note: in a dB per dB approach

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)
ZD.2.3.1
MCBTS specific blocker level

This section aims at comparing the two blocking specifications as defined in TS 45.005 and 51.021.

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

These two specification methods are leading to comparable results, and therefore, only the one in TS 51.021 is considered in the following since it is based on similar desensitization as in TS 45.005.
ZD.3
Isolation considered in applicable Standards
In this entire section applicable standards are reviewed to compute what isolations are assumed between systems.
ZD.3.1
GSM to GSM system isolation
Two approaches are developed in the following sections.

As a summary, based on nominal performances, following isolations between GSM systems are assumed in GERAN specifications:

· 90.3 dB for legacy GSM systems

· 93.1 dB for GSM MCBTS systems.
ZD.3.1.1
Computation based on blocking performances
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 to blocking each others.

TS 45.005 determines a given blocker level, for example -13 dBm for normal BTS.

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, isolation between BTS access is:

 45 dBm – (-19.9dBm) = 64.9 dB.
Note: analysis is performed for 45 dBm transmit RF power, however, in TS 45.005 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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Table 1: BTS to BTS isolation from blocking specifications
ZD.3.1.2
Computation based on inter-modulation performances
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 1.
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Table 2: 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.
ZD.3.2
UTRA to UTRA and E-UTRA to E-UTRA systems isolations
In this section two computations based on specification and nominal performances are developed.

As a summary, based on nominal performances, following isolations between UTRA and E-UTRA systems are assumed in RAN specifications:

· 99.2 dB for UTRA systems

· 102.2 dB for E-UTRA systems.

For normal UTRA and E-UTRA BS in E-GSM band, the two computations are the following: 

· 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, isolation between UTRA and E-UTRA Base Station can be evaluated from BS specifications, and for nominal performance level.
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Table 3: UTRA and E-UTRA Base Stations isolation
Computation shows that isolations are 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, in section 7.4.1.2.1.3 of TS 25.942, 13 dB antenna gain is considered and it is assumed that antenna gain toward another Base Station system is only 10 dB due to antenna tilt.

ZD.3.3
GSM to UTRA and E-UTRA systems isolations from applicable standards
In this section two computations are developed to assess what isolation between GSM and UTRA/E-UTRA systems is assumed by the specifications.

As a summary, based on nominal performances, following isolations are assumed:

· GSM to UTRA= 96.9 dB from specification and 97.7 dB from nominal situation

· GSM to E-UTRA= 108.7 dB from specification and 111.2  dB from nominal situation

BS receiver inter-modulation performance from table 7.6 in TS 25.104 and table7.8.1-2 in TS 36.104 have been reported in Figure 4, showing that interferers are defined over frequency bands overlapping DL of band VIII.

· UTRA:
· CW offset from wanted channel is +/- 10 MHz, therefore highest frequency is 927.5 MHz, and this includes the R-GSM part dedicated to railway in Europe, a part of E-GSM, and also the new extension of ER-GSM band.

· WCDMA offset from wanted signal is +/- 20 MHz, therefore, highest frequency is 932.5 MHz. This has a significant overlap with P-GSM band.

· E-UTRA: 

· CW offset from edge of wanted channel is +/- 7.5 MHz, therefore highest frequency is 922.5 MHz. This includes the R-GSM part dedicated to railway in Europe.

· WCDMA offset from edge of wanted signal is +/- 17.5 MHz, therefore, highest frequency is 932.5 MHz. This overlaps a large part of E-GSM band.

Based on those specifications, and similarly to Table 3 and Table 1, isolation between GSM and UTRA or E-UTRA systems are derived in the Table 4.
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Table 4: 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.3.4
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 TS 25.104 and 36.104. In GP-130090, 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 TS 25.104 and TS 36.104
· 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 assumed 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
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. A characterization has been performed in [12]. 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.

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].“
Based on this result, acceptable isolation between ER-GSM BTS and UTRA BS would be: 

45 dBm – (-23 dBm) = 68 dB isolation.
ZD.4.2
Indications from coexistences studies with UTRA
Coexistence studies have performed ACS (Adjacent Channel Selectivity) studies for UTRA systems in [13]. 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
As of today, 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 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 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 TS 25.101 and 36.101. 

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.
ZD.4.3.1
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 of TS 45.005.

Two situations can therefore be considered:

1. 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). 

2. 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 several UEs, applying similar rules would lead to consider a higher blocker at BS input.

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.

Blocker from a small GSM MS is: 33 dBm – 70 dB = -37 dBm
Acceptable isolation from ER-GSM is: 45 dBm – (-37 dBm) = 82 dB

This assumes that Rx filter rejection at 918 MHz is 0 dB.

4.3.2
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 vehicles. 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 TS 25.942.

For vehicles and trains 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 vehicles can be down to:

70 dB – 6 dB - 2 dB = 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 [12].
Acceptable 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 it has been shown that blocking performance can be better with larger frequency offsets.
Such isolation is lower than isolation between GSM BTS considered by standards as noted in Table 1, and Table 8.

Note: this RF level is lower than GSM blocking level (-13 dBm), even when considering 5 MS simultaneously transmitting (similarly to UTRA situation).

Those 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 [12], 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.
ZD.5
Required Isolations
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.

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 are considered:

· Receiver coupled to the antenna through a diplexer

· Receiver coupling to the antenna through a receive only filter.

The main outcome is that systems deployed in the field can have at least 5 dB rejection at 918 MHz.

And therefore, required isolation from ER-GSM system to GSM systems in E-GSM band are:

· 69.2 dB for legacy GSM systems

· 80.4 dB for GSM MCVBTS systems
ZD.5.1.1
Methodology for 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. This assumes a constant slope over the UL/DL guard band, however the model in figure 5 is used in next computations.
ZD.5.1.2
Methodology for 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.

This is 5 dB/MHz slope, and then 15 dB at 918 MHz. This assumes a constant slope over the UL/DL guard band, however the model in figure 5 is used in next computations.
ZD.5.1.3
GSM BTS and MCBTS in E-GSM band for diplexer coupling, from blocking performance
Methodology presented in sections above is used in Table 5 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 5: GSM legacy and MCBTS BTS to BTS isolation for 1 MHz tolerance
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 given in Table 6.
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Table 6: Computation based on 5 dB rejection at 918 MHz
This evaluation has been performed for several level of frequency stability of diplexers.
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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 report.

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 actually in the field isolation between systems is the one determined from MCBTS parameters:

· based on Base Station at specification limit, this is 76.9 dB, 

· as long as these systems are actually co-existing, a value of more than 85.4 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 76.9 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 85.4 dB.
This table also evaluates the 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.
ZD.5.1.4
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 and is presented in Table 8.
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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.

Protection against inter-modulation results in a high rejection. This can be considered as the limiting factor for filter design, and therefore this rejection can be considered as constant over DL band. For this reason, it is reasonable to consider that it is likely to get two RF signals of equal RF power creating inter-modulation.

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.
ZD.5.1.5
BTS configurations with Receive only access
In some configurations, a receiver could be connected to the antenna through a receive filter rather than with a diplexer. This corresponds to the configuration in which one antenna is used for transmission and reception, and a second antenna is used for receive diversity.

The main threat with a diplexer is BTS emissions fed back to the receiver due to antenna access return loss.

The main threats for receive only access is emissions coupled from other antennas on the site. Sections 4.3.2.1 and 4.3.2.2 of TS 45.005 assumes 30 dB coupling between antennas on same site. A receive only access is equipped with a Receive filter rather than a diplexer. 

In this situation interferer signals are:

1. Emissions from the BTS

2. Emissions from other BTS on the same site; these could be either GSM or UTRA emissions

3. Emissions from other sites are not considered since it is likely that these signals will have significantly lower RF power level.

Mechanisms to be considered are blocking and inter-modulation effects. Signals to be considered are GMSK, 8PSK, UTRA and E-UTRA.

As long as this study is about impact on existing systems, it is assumed that no Rx filter in the field has been designed for E-UTRA signals.

In the following, rejection characteristics for a receive filter are determined.
ZD.5.1.5.1
Signals to be considered

RF power levels of transmitted signals: 45 dBm, as in other sections of this contribution.

As long as receive only can be deployed on a site with several co-sited systems, signals considered in this study are:

GSM: up to 6 carriers per sector, this represents 2 carriers per sector per operator and systems from 3 wireless operators sharing the site. Carriers can be GMSK or 8PSK modulated. In case of 8PSK, a 3.2 dB PAR is to be considered.

UTRA and E-UTRA: up to 2 consecutive carriers could be up to 4 x 4 MIMO configuration.

CF (Crest Factor) for two contiguous carriers is equivalent to CF of one carrier, however, CF for 2 carriers used in MIMO configuration is 3 dB higher for 2x2 and 6 dB higher for 4x4.

However, actual situations in the field may significantly differ from this study; as a matter of facts, wireless is gaining momentum, and many sites are now very crowded and RF spectrum is congested.
ZD.5.1.5.2
Blocking from UTRA signals
Blockers to be considered are in DL band and therefore, frequency offset is always over 3 MHz. In this situation, specified blocker level for GSM BTS is constant (-13 dBm for legacy GSM and -25 dBm for GSM MCBTS)

Blocking by wideband signals such as UTRA or E-UTRA must be considered in a different way than blocking by GMSK signals.

· A wideband signal can be divided in 200 kHz wide blockers, the power of each blocker is RF power density per 200 kHz.

· Each 200 kHz is acting as an individual blocker, and the effect of all blockers are added. As blocking is considered to be a dB per dB phenomenon, effect of blocking by a wideband signal with more than 3 MHz offset is equivalent to blocking from a narrow band signal with same RF power

· Emissions from two contiguous UTRA channels represent twice the RF bandwidth with same RF power per channel. Blocking contributions are added, and therefore, 3 dB rejection must be added.

Crest factor.

· RF power level to be considered is peak power.

· UTRA signals have a crest factor about 11 dB. However, it is considered that Crest factor are reduced to 6 dB in UTRA BS by crest factor reduction algorithms.

· With MIMO, two emissions are occurring on same channel, and therefore, resulting CF is higher by 3 dB.

Effect of several GSM blockers.
· Blocking is considered to be a dB per dB phenomenon, effects of several blockers are added in Rx line up.

ZD.5.1.5.3
Requested isolations from blocking
Requested isolations in Rx band are computed in a similar way as inTable 1.
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Table 10: Rx filter rejection
For each system, requested isolations GSM or UTRA are similar, as long as these effects are simultaneous; it is wise to get a complementary margin from the highest isolations from these computations. Complementary margin is also required since there are a lot of uncertainties about real environment for a site. For those two reasons, requested isolation for Rx filter in DL band should be higher than results presented in this table, taking only 6 dB margin would give:

· GSM BTS: 61 dB

· GSM MCBTS: 72 dB

· UTRA: 93 dB

Considering that requested rejection in DL band is high, this can be considered as the limiting design factor, and therefore, rejection can be considered as constant over DL band.
ZD.5.1.5.4
Inter-modulation
Requested isolations in Rx band are computed in a similar way as in Table 2 in the following table.
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Table 11: Rx filter Rejection based on Inter-modulation
Similarly to blocking effects, a complementary rejection should be used to account for other situations in the field and accumulations of effects. Considering only 6 dB margin would give:

· GSM Rx filter rejection = 74 dB

· UTRA Rx filter rejection = 78 dB.

It is to be noted that these rejections are slightly higher than for blocking effects. Similarly to inter-modulation scenario, this rejection is to be considered as the limiting factor and therefore, rejection can be considered as constant over the DL band.

Even though these isolations are lower than requested isolation for diplexers, it is reasonable to consider that Rx filters are providing similar rejection at 918 MHz to diplexers situation.
ZD.5.2
Required isolations for spurious emissions in UL/DL guard band
Impacts of spurious emissions are compared to spurious emissions from other systems to evaluate required isolation for which ER-GSM spurious emissions are acceptable.

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.

As a summary, the highest required isolation to E-GSM legacy, E-GSM MCBTS, UTRA and E-UTRA for 0.8 desensitization from spurious emissions in UL/DL guard band is 64.5 dB.

A comparison with spurious emissions from GSM MS results in 56.9 dB required isolation.
ZD.5.2.1
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 of TS 45.005

	
	
	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 12: Requirements for spurious emissions – out of relevant transmit band
(3GPP TS 45.005 Table 4.3-3)
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.

ZD.5.2.2
Spectrum mask emissions from GSM MS
As defined in section 4.2.1.3 of TS 45.005, spectrum of a normal symbol rate is defined in the following table.
	
	Power 
	100
	200
	250
	400
	( 600
	( 1 800
	( 3 000
	( 6 000
	

	
	level
	
	
	
	
	< 1 800
	< 3 000
	< 6 000
	
	

	Case 1
	( 39
	+0,5
	‑30
	‑33
	‑60
	‑66
	‑69
	‑71
	‑77
	

	
	37
	+0,5
	‑30
	‑33
	‑60
	‑64
	‑67
	‑69
	‑75
	

	
	35
	+0,5
	‑30
	‑33
	‑60
	‑62
	‑65
	‑67
	‑73
	

	
	( 33
	+0,5
	‑30
	‑33
	‑60*
	‑60
	‑63
	‑65
	‑71
	

	NOTE:
* For equipment supporting QPSK, 8-PSK, 16-QAM or 32-QAM, the requirement for these modulations is ‑54 dB.

NOTE:
** The requirement shall be [tbd] when the wideband pulse shaping filter with the tight spectrum mask is indicated (see Pulse Format Information Element in 3GPP TS 44.060).

NOTE:
*** the requirement shall be [tbd] when the wide pulse shaping filter with the tight spectrum mask is indicated (see Pulse Format Information Element in 3GPP TS 44.060).


Table 13: GSM 900 MS spectrum mask
Reference is RF power measured in 30 kHz.

In coordinated systems, minimum frequency spacing between two MS is 3 channels. Therefore, in order to compare ER-GSM spurious emissions to MS spectrum mask, integration has to be performed from 600 kHz offset to 3600 kHz offset, MCL is considered to be 70 dB.

The computation is presented in Table 14.
[image: image17.emf] 600  1 800  3 000

< 1 800 < 3 000 < 6 000

-26,8 dBm -35,0 dBm -37,0 dBm

-90,5 dBm Level at System input

Frequency offset

RF power 

(300 kHz)

33,0 dBm

RF level per 200 kHz

Integration over 3 MHz -20,5 dBm


Table 14: RF power level at System input from MS spectrum mask emissions
Power levels per frequency bands over 600 kHz are similar for 33 dBm and 29 dBm since relative power is lower by 6 dB.

Integration over 3 MHz is made by 200 kHz steps, assuming a continuous variation over each sub frequency band, rather than RF power at limit of the specification over the sub band. Level at system input is based on 70 dB MCL.

This computation is based on hand held small GSM MS. Some corrections could be applied in some scenarios:

· Car mounted MS:

· No “body loss”, Antenna gain ~ 3 dB, cable loss ~ 1 dB

· Level at BTS input = -90.5 dBm + 2 dB – 1 dB + 3 dB = -86.5 dBm

· Bus or Train mounted:

· No “body loss”, Antenna gain ~ 4 dB, cable loss ~ 2 dB

· Level at BTS input = -90.5 dBm + 2 dB – 2 dB + 4 dB = -86.5 dBm

· However, path loss is lower by ~ 6 dB due to higher MS antenna.

· Therefore, level could reach -86.5 dBm + 6 dB = -80.5 dBm
ZD.5.2.3
UTRA BS in E-GSM band
Out of band emissions are specified for UTRA BS in TS 25.104, 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 TS 25.104 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 TS 25.104 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.
ZD.5.2.4
Requested isolations from ER-GSM spurious emissions
Table 15 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 15: E-GSM band systems Tx rejection and spurious emissions
Table 15 considers 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.
[image: image19.emf]Freq shift 1,0 MHz

Rx Guard Bd 1,0 MHz

ER-GSM -39,6 dBm

R-GSM -58,9 dBm -73,9 dBm 34,4 dB 40,4 dB

E-GSM -80,5 dBm -95,5 dBm 55,9 dB 61,9 dB

MCBTS -74,6 dBm -89,6 dBm 50,0 dB 56,0 dB

UTRA -76,3 dBm -91,3 dBm 51,7 dB 57,7 dB

E-UTRA -76,6 dBm -91,6 dBm 52,1 dB 58,1 dB

MS -90,5 dBm 50,9 dB 56,9 dB

Without Rx filtering

3 dB 

desensitization

0,8 dB 

desensitization

Requested Isolation to get

Same level at 

victim Rx 

access

RF level at 

victim Rx 

access for 0,8 

dB 

Tx spurious at 

BTS access in 

915-918 MHz

Tx spurious fed back 

to BTS due to Return 

Loss

Without Rx filtering


Table 16: Requested isolation with 1 MHz frequency shift
This computation has also been performed for 0 to 2 MHz frequency shift, and is presented in Table 17.
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Table 17: 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 5.1.3 and section 3.3.

This table is even not including maximum possible spurious level from a MS which can be 10 dB higher.

Therefore, actual desensitization from ER-GSM spurious emissions is negligible as compared to own base station spurious emissions.

It is to be noted that 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.
ZD.6
Synthesis of isolation evaluations
The evaluations made in the previous chapters are summarized in this section.

Demonstrated acceptable isolations between ER-GSM and UTRA or E-UTRA are lower than isolation from applicable standards.

Required isolations between ER-GSM and GSM systems, both from Rx filter rejection capability estimateor from spurious emissions aspects, are lower than isolations considered in applicable standards.

ZD.6.1
Isolation considered in applicable Standards

GSM to GSM systems

· Blocking: 

· GSM legacy: specification limit: 64.9 dB, nominal: 73.4 dB

· GSM MCBTS: specification limit: 76.9 dB, nominal: 85.4 dB

· Inter-modulation

· GSM: specification limit: 90.3 dB, nominal: 93.1 dB
(applicable to GSM legacy and GSM MCBTS)
UTRA to UTRA: specification limit: 96.7 dB, nominal: 99.2 dB

E-UTRA to E-UTRA: specification limit: 99.7 dB, nominal: 102.2 dB

GSM to UTRA and to E-UTRA (from inter-modulation specification)

· GSM to UTRA: specification limit: 96.9 dB, nominal: 97.7 dB

· GSM to E-UTRA: specification limit: 108.7 dB, nominal: 111.2 dB
ER-GSM to UTRA or E-UTRA, based on RAN4 input: 104 to 106 dB (at 918 MHz)

Note: likely to be better at 921 MHz since systems are currently co-existing
ZD.6.2
Demonstrated acceptable isolations to UTRA or E-UTRA
From publication GSM to UTRA: 68 dB

GSM/UTRA Coexistence situations

· Small MS: 82 dB

· High power GSM MS: down to 68 dB
ZD.6.3
Required isolations
From Rx filter rejection capability estimate:

· ER-GSM to GSM legacy: 69.2 dB

· ER-GSM to GSM MCBTS: 80.4 dB

From spurious emissions aspects:

· ER-GSM to other BS in E-GSM band: 64.5 dB maximum.

· ER-GSM vs MS spectrum mask: 56.9 dB
ZD.7
Mitigation techniques
This section is focusing on mitigation techniques that might be recommended by national.spectrum regulator to ensure that the isolation between ER-GSM systems and systems already deployed in E-GSM band is met.
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