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T-GSM 900 System Scenarios
The document in annex Y gives background information on T-GSM 900 scenarios.

Annex T:
GSM400 system scenarios

TDoc SMG2 WPB 542/99

T.0
Introduction

This paper discusses system scenarios for GSM400 operation primarily in respect of the GSM 05.05 series of recommendations. To develop the GSM400 standard, all the relevant scenarios need to be considered for each part of GSM 05.05 and the most critical cases identified. The process may then be iterated to arrive at final parameters that meet both service and implementation requirements.
T-GSM 380 and T-GSM 410 MHz are covered by the generic term GSM 400.
T.1
Frequency bands and channel arrangement

GSM400 systems are specified for two frequency allocations. Primary utilisation will be allocations around 450 MHz. For some countries allocations around 480 MHz will be possible. T-GSM is specified in the 380, 410 and 450 MHz bands. T-GSM 450 uses the existing GSM 450 specification. In the 380 and 410 MHz frequency bands T-GSM aligns the blocking requirements and the emissions due to modulation and wide band noise requirements with the existing PMR services. This alignment provides for the more flexible frequency allocation required in these bands.  Thus the systems to be specified are for operation  in the following frequency bands:

T-GSM 380 Band

380.4 – 389.6 MHz: mobile transmit, base receive;

390.4 – 399.6 MHz: base transmit, mobile receive;

T-GSM 410 Band  

410.4 – 419.6 MHz: mobile transmit, base receive;

420.4 – 429.6 MHz: base transmit, mobile receive;

NOTE:
Although the T-GSM 380 and T-GSM 410  bands are 10 MHz wide and because a transition band of at least 2 MHz is needed, a maximum allocation is limited to approximately 8 MHz within the 10 MHz band. The allocated frequencies may be selected from any part of the band consistent with this transition band.

GSM 450 Band:

450,4 MHz to 457,6 MHz: mobile transmit, base receive;

460,4 MHz to 467,6 MHz: base transmit, mobile receive.

GSM 480 Band:

478,8 MHz to 486 MHz: mobile transmit, base receive;

488,8 MHz to 496 MHz: base transmit, mobile receive.

with a carrier spacing of 200 kHz.








In the following unless otherwise specified, references to GSM400 includes  T-GSM 380, T-GSM 410, (T-)GSM 450 and GSM 480.

T.2
System Scenario Calculations for GSM400 systems

T.2.1
Worst case proximity scenarios

The purpose of the present document is to justify the adoption of E-GSM900 radio frequency requirements to GSM400 systems with minimal changes. This will make it easy to adapt standard GSM technology. Parameters like body loss and multiple interference margin are chosen to be identical that was used in GSM900 or DCS1800 system scenario calculations performed earlier in SMG. This was decided for to keep comparison with different system scenario calculations easy. It has to be noted that with chosen approach the GSM400 scenario calculations are little too pessimistic compared for scenarios in reality.

As was seen with GSM900 and DCS1800 cases all worst case scenarios are not met. Compromises have been made while the parameters have been statistical probabilities of occurrences and implementation issues. Evidently it would also be more severe to block a BTS than a single MS. Statistical properties of occurrence state that coordinated case is more important to fulfill than uncoordinated case. Because of narrow spectrum available at GSM400 bands it is relevant to assume that systems are operated in a coordinated manner in vast majority of cases. Uncoordinated scenarios might happen in some cases and thus those are also discussed in scenario calculations.

Tables below show examples of close proximity scenarios in urban and rural environments for GSM400 and GSM900 systems. Different antenna heights are considered in different environments. Low antennas are assumed to have lower gain (10 dBi) than high antennas, that is (18 dBi) for GSM900 and (14 dBi) for GSM400.

Table 1: Worst case proximity scenarios for GSM400

	
	Rural 
	
	Urban
	
	

	
	Street
	Building
	Street
	Building
	Street 

	
	
	(note 1)
	
	(note 1)
	

	BTS height, Hb (m)
	50
	50
	15
	30
	30

	MS height, Hm (m)
	1.5
	15
	1.5
	20
	1.5

	Horizontal separation (m) (note 4)
	50
	100
	15
	60
	15

	BTS antenna gain, Gb (dB) (note 2)
	14
	10
	10
	14
	14

	BTS antenna gain, G'b (dB) (note 3)
	0
	10
	2
	9
	0

	MS antenna gain, Gm (dB)
	0
	0
	0
	0
	0

	Path loss into building (dB)
	
	6
	
	6
	

	Cable/Connector Loss (dB)
	2
	2
	2
	2
	2

	Body Loss  (dB)
	1
	1
	1
	1
	1

	
	
	
	
	
	

	Path loss - antenna gain (dB)
	65
	65
	53
	61
	59


Table 2: Worst case proximity scenarios for GSM900

	
	Rural 
	
	Urban
	
	

	
	Street
	Building
	Street
	Building
	Street 

	
	
	(note 1)
	
	(note 1)
	

	BTS height, Hb (m)
	20
	15
	15
	30
	30

	MS height, Hm (m)
	1.5
	15
	1.5
	20
	1.5

	Horizontal separation (m) (note 4)
	30
	30
	15
	60
	15

	BTS antenna gain, Gb (dB) (note 2)
	18
	10
	10
	18
	18

	BTS antenna gain, G'b (dB) (note 3)
	0
	10
	2
	13
	0

	MS antenna gain, Gm (dB)
	0
	0
	0
	0
	0

	Path loss into building (dB)
	
	6
	
	6
	

	Cable/Connector Loss (dB)
	2
	2
	2
	2
	2

	Body Loss  (dB)
	1
	1
	1
	1
	1

	
	
	
	
	
	

	Path loss - antenna gain (dB)
	65
	60
	59
	63
	65


NOTE 1:
Handset at height Hm in building.

NOTE 2:
Bore-sight gain.

NOTE 3:
Gain in direction of MS.

NOTE 4:
Horizontal separation between MS and BTS.

Path loss is assumed to be free space i.e. 25,5 + 20 log d(m) dB for GSM400 systems and 31,5 + 20 log d(m) dB for GSM900 systems, where d is the length of the sloping line connecting the transmit and receive antennas. The coupling loss is defined between antenna connectors. The transmitter power and receiver sensitivity is measured at the respective antenna connectors.

Coupling between BTSs may result either from the co-siting of BTSs or from several BTSs in close proximity with directional antenna. The minimum coupling loss between BTSs is assumed to be 30 dB. This is defined as the loss between the transmitter combiner output and the receiver multi-coupler input.

GSM400 systems are targeted to offer large coverage in rural areas. It is reasonable to assume that BTS heights in rural area are higher than in urban area thus minimum coupling loss (MCL) value of 65 dB between BTS and MS is valid assumption in rural areas. For GSM900 system scenario calculations performed earlier dense urban area MCL value of 59 dB was used. With the identical scenario GSM400 systems will provide 6 dB less MCL thus resulting into the value 53 dB.

MS to MS close proximity MCL for DCS1800 was 40,5 dB and 6 dB less for GSM900. Straightforward calculation suggests using MCL of 28,5 dB for the worst case MS to MS scenario. Recent measures indicate that body loss for small hand sets is rather 10 dB than 1 dB (GSM 05.50 V6.0.2 annex H). By using this higher body loss factor worst case scenario requirements were much milder.

It can be concluded that worst case scenario requirements for GSM400 systems are in some cases 6 dB tighter than for GSM900. This must be considered in cellular planning recommendation GSM 03.30. It may be necessary to recommend to utilise lower output power at GSM400 band BTSs in dense urban area if MCL can be very small (i.e. low antenna heights). This is not a drawback anyway while we remember that a useful carrier too has a smaller path loss at lower frequencies, thus reduced output power is gained back and coverage for urban cells can be maintained the same as at higher bands.

Worst case scenarios usually involve a "near/far" problem of some kind, the component scenario assumptions as given in the scenarios paper for "near" and "far" can be summarised as follows.

	"Near"
	MCL [dB]

	BTS -> MS
	53

	MS -> BTS
	53

	MS -> MS
	28.5

	BTS -> BTS
	30


	"Far"
	TX power [dBm]
	RX Sensitivity [dBm]

	BTS
	39
	-104

	MS
	33
	-102


Other parameters used in scenario calculations are:

	Parameter
	Value [dB]

	BTS power control range
	30

	MS power control range
	26

	C/I margin
	9

	Multiple interferers margin (MIM)
	10

	Transient margin
	20

	Margin for other IM's
	3


It can be speculated that MIM for GSM400 should be lower than 10 dB because of lesser amount of carriers, but as was stated in the beginning GSM900 system scenario calculation parameters are chosen for comparison reasons.

T.3
Worst Case Scenario Requirements

T.3.1
Transmitter

T.3.1.1
Modulation, Spurs and noise

T.3.1.1.1
Co-ordinated BTS -> MS 

Max. Tx noise level in Rx bandwidth = [BTS power] - [Power control range] - [C/I margin] - [MIM] = 
39 ‑ 30 ‑ 9 ‑10 = - 10 dBm
T.3.1.1.2
Uncoordinated BTS -> MS 

Max. Tx. level of noise in Rx. bandwidth = [MS sensitivity] - [C/I margin] - [MIM] + [MCL] =
-102 ‑ 9 ‑ 10 + 53 =  -68 dBm
Max. Tx level of spur in Rx bandwidth = [MS sensitivity] - [C/I margin] +  [MCL] = 
-102 ‑ 9 +  53 = -58 dBm
T.3.1.1.3
Coordinated & Uncoordinated MS -> BTS 

Max. Tx level in Rx bandwidth = [BTS sensitivity] - [C/I margin] + [MCL] = 
-104 ‑ 9 + 53 = -60 dBm
T.3.1.1.4
Coordinated & Uncoordinated MS -> MS

Max Tx level in Rx bandwidth = [MS sensitivity] - [C/I margin] + [MCL] = 
-102 ‑ 9 + 28.5 = -82.5 dBm
T.3.1.1.5
Coordinated & Uncoordinated  BTS -> BTS

Max Tx level noise in Rx bandwidth= [BTS sensitivity] - [C/I margin] - [MIM] + [MCL] = 
-104 ‑ 9 ‑10 + 30 = -93 dBm
T.3.1.2
Switching transients

T.3.1.2.1
Uncoordinated MS -> BTS

Max. peak level in effective Rx BW at MS = [BTS sensit.] - [C/I margin] + [MCL] + [Transient margin] = 
-104 ‑ 9 + 53 + 20 = -40 dBm
T.3.1.2.2
Uncoordinated BTS -> MS 

Max. peak level in effective Rx BW at BTS = [MS sensit.] - [C/I margin] + [MCL] + [Transient margin] =
-102 ‑ 9 + 53 + 20 = -38 dBm
T.3.1.3
Intermodulation

T.3.1.3.1
Coordinated BTS -> MS

Required IM attenuation in BTS = [C/I margin] + [BTS power ctrl range] + [margin for other IMs] = 
9 + 30 + 3 = 42 dB
T.3.1.3.2
Uncoordinated BTS -> MS 

Required IM attenuat. in BTS = [BTS power] - {[Max. allowed lev. at MS1] + [MCL BTS2->MS1]} =
39 - {[-102 ‑ 9 ‑3] + 53} = 100 dB
T.3.1.3.3
Uncoordinated MSs -> BTS

Required IM attenuat. in MS = [MS power] - {[Max. allowed level at BTS2] + [MCL MS->BTS2]} = 
33 ‑ {[-104 ‑9 ‑3] + 53} = 96 dB
T.3.1.3.4
Uncoordinated MS & MS -> MS 

Required IM attenuat. in MS = [MS power] - {[Max. allowed level at MS3] + [MCL MS->MS3]} = 
33 - {[-102 ‑9 ‑3] + 28.5} = 118.5 dB
T.3.2
Receiver

T.3.2.1
Blocking

T.3.2.1.1
Coordinated & Uncoordinated  BTS -> MS

Max. level at MS receiver = [BTS power] + [MIM] - [MCL] = 39 + 10 ‑ 53 = -4 dBm
T.3.2.1.2
Coordinated MS -> BTS 

Max level at BTS receiver = [MS power] - [Power control range] - [MCL] = 33 ‑ 26 ‑ 53 = -46 dBm
T.3.2.1.3
Uncoordinated MS -> BTS 

Max level at BTS receiver = [MS power]  - [MCL] = 33 ‑ 53 = -20 dBm
T.3.2.1.4
Coordinated & Uncoordinated  MS -> MS 

Max. level at MS receiver = [MS power] - [MCL] = 33 - 28.5 = 4.5 dBm
T.3.2.1.5
Coordinated & Uncoordinated  BTS -> BTS 

Max. level at BTS receiver = [BTS power] + [Multiple interferers margin] - [MCL] = 39 + 10 ‑ 30 = 19 dBm
T.3.2.2
Intermodulation

T.3.2.2.1
Coordinated & Uncoordinated  BTS -> MS 

Max. received level at MS1 = [BTS power] - [MCL BTS2->MS1] + [Margin for other IMs] = 39 ‑ 53 + 3 = -11 dBm
T.3.2.2.2
Coordinated MS -> BTS 

Max. received level at BTS1 = [MS power] - [MS power ctrl range] - [MCL MS-> BTS1] + [Margin for other IMs] = 
33 ‑ 26 ‑ 53 + 3 = -43 dBm
T.3.2.2.3
Uncoordinated MS -> BTS 

Max. received level at BTS1 = [MS power] - [MCL MS-> BTS1] + [Margin for other IM's] = 33 ‑ 53 + 3 = -17 dBm
T.3.2.3
Maximum level

T.3.2.3.1
Coordinated MS -> BTS 

Max level at BTS = [MS power]  - [MCL] =  33 ‑ 53 = -20 dBm
T.3.2.3.2
Coordinated  BTS -> MS 

Max level at MS = [BTS power] - [MCL] = 39 ‑ 53 = -14 dBm
T.4
Transmitter characteristics

For readability the chapter numbering in the transmitter and receiver characteristics chapters are aligned with current GSM 05.05 chapter numbering.

The worst case scenario requirements and current GSM 05.05 specification for GSM900 are summarized in the tables beginning of each relevant chapter. Specification requirements in the table entries are converted to 200 kHz bandwidth to be comparable for scenario calculation results.

T.4.1
Output power

T.4.1.1
Mobile Station

Coverage gain is seen as one of the major benefits for the down banded GSM system. In order to gain the most of this benefit it was decided to allow the same power classes for GSM400 as was initially chosen for GSM900.

The absolute tolerance on power control levels has been chosen to be the same as with GSM900.

T.4.1.2
Base Station

Following GSM900, the BTS power classes are specified at the combiner input. In order to provide the operator some flexibility same power classes as for GSM900 are chosen.

The tolerance on the BTS static power control step size is same as for GSM900.

T.4.2
Output RF Spectrum

T.4.2.1
Spectrum due to the modulation and wideband noise
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Coordinated case

In coordinated case BTS wideband noise requirement are fulfilled with both GSM900 and GSM400 systems and thus there is no need to change the specification for BTS TX mask. 

Worst case scenario requirements for MS wideband noise are tighter than for BTS. Since the table entries in GSM 05.05 are relative, as the level of the transmitter is reduced, the absolute specification becomes tighter. For coordinated MS to BTS interference it is to be noted that power control works and MS will be powered down. For MS close to BTS it is relevant to expect that minimum MS TX power is used. Thus introduced wideband noise is reduced accordingly down to ‑43 dBm at 600 kHz offset. Still there is a gap of 11 dB in GSM900 scenarios and specification.

Probability of this scenario is low and actually allowing this to happen is not practical cellular planning. Low power users operating very close to BTS may block users locating in the edge area of very large cells that operate with full power and still close to sensitivity level. In other words blocking of some users at cell edge would require large cells in dense urban areas with very small handover margin. In sensible cellular planning these should be contradictory occurrences. Thus it was felt that there is no need to make specification too tight because of speculation of some unpractical occurrences.

Uncoordinated case

The theoretical worst case uncoordinated scenarios are missed quite a lot. This was situation also in higher bands. Now the mismatch is about 6 dB worse than in GSM900. In practice this situation is very rare. First as was discussed earlier it is not probable that uncoordinated scenario should happen in narrowband. Secondly the theoretical calculations are done while MS close to disturbing BTS operates at sensitivity level which is not a common situation. 

If uncoordinated scenarios are planned it may be decided by the operators that in dense urban areas where MCL may reach low values maximum power level is reduced by 6 dB in respect to those used in GSM900 case. Still due to smaller path loss, low powered GSM400 systems would offer equal coverage than GSM900 system. Down powering of system is a natural choice anyway in urban areas where cellular planning is capacity driven rather than targeting to large cells.

As a conclusion it is seen unnecessary to do any changes to existing GSM900 modulation mask while it is adapted to GSM400 systems.

T.4.2.2
Spectrum due to switching transients

Coordinated case

GSM 05.05 defines modulation mask, switching transients, spurious emissions and intermodulation specifications to be consistent with each other (GSM 05.50 V6.0.2 annex D). In previous it was justified that GSM900 modulation mask is seen to be appropriate at 400 MHz bands. Due the consistence, current switching transient requirements at 900 MHz band are enough at 400 MHz bands also.

Uncoordinated case

For uncoordinated scenarios down banded system may need to be down powered in dense urban scenarios to fulfil GSM900 performance. Down powering will affect similarly for switching transients also and again it is felt that down powered GSM400 systems perform as well as GSM900.

No changes in respect to GSM900 requirements are thus proposed.

T.4.3
Spurious emissions

T.4.3.1
Principle of the specification

No changes to measurement conditions are needed.
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T.4.3.2
Base transceiver station

Current specification for BTS introduces ‑95 dBm level of spurious emissions in 200 kHz BTS RX band. The transition band between TX and RX band is only 3 MHz for GSM400 systems that operate with full bandwidth and thus rather deep sloped filtering is required. Current understanding is that the GSM900 specification can be adopted to GSM400 systems. (For R-GSM the requirement is relaxed down to ‑86 dBm because of low number of carriers expected in R-GSM BTS.)

While GSM400 BTS is co-sited with higher bands, measures must be taken for mutual protection of receivers. GSM400 systems must not produce exceeding noise level in relevant up-link bands for GSM900 and DCS1800. GSM900 and DCS1800 are currently specified to allow at maximum ‑36 dBm spurious emissions at 400 MHz bands while measured the peak power in 3 MHz band. This corresponds to about ‑56 dBm at 200 kHz peak power value. This does not quite match with the requirements for GSM400 systems. However no changes to higher band specifications are proposed anyway while GSM400 system is specified. If BTSs of different frequency bands are co-sited the coupling loss must be increased by antenna arrangement or with external filters, but this must not be a part of GSM specification.

T.4.3.3
Mobile station

In idle mode power measured in GSM900 down link band is limited to ‑57 dBm at 100 kHz measurement band. In up link band allowed level is ‑59 dBm. For uplink the wideband noise scenario requirement is ‑60 dBm at 200 kHz band. Due to different measurement methods (i.e. average vs. peak value) in wideband noise and spurious emission conditions it is reasonable to assume that GSM900 requirements can be adopted to GSM400 systems.

When allocated a channel existing GSM900 and DCS1800 are currently specified to allow at maximum ‑36 dBm spurious emission peaks at 9 kHz ‑ 1 GHz bands with measurement conditions specified in GSM 05.05. No changes is proposed for GSM400 systems.

When allocated a channel spurious emission at MS RX band for E-GSM is ‑67 dBm at 100 kHz band. This is relaxed from the original P-GSM requirement ‑79 dBm. Requirement is further relaxed to ‑60 dBm for R-GSM MS. The initial discussions with component manufacturers indicate that TX filter that limits spurious emissions at 3 MHz from the band edge down to ‑67 dBm in GSM400 bands would be feasible. It is considered that -62 dBm for T-GSM 380 & 410 is achievable even with a transition band of only 2 MHz. The requirement is in line with the requirements for existing services in these bands.
T.4.4
Radio frequency tolerance

No reason for changes in GSM 05.05 (defined in GSM 05.10).

T.4.5
Output level dynamic operation

T.4.5.1
Base station

This specification only affects the interference experienced by co-channel cells in the same PLMN. The requirement on the relative power level of unactivated timeslots is -30 dBc that is in line with the BTS power control range.

No reason to modify current specification.

T.4.5.2
Mobile station

Tightening this requirement from current GSM900 specification would mean that the requirement for active MS would be about as tight as requirement in idle mode. This is not felt to be a reasonable requirement and thus it is proposed that GSM900 specification is adopted without changes.

The same relaxation as for GSM900 at preceding slot is allowed.

T.4.6
Phase accuracy

No reason for changes in GSM 05.05 (defined in GSM 05.04).

T.4.7
Intermodulation attenuation

For GSM900 system intermodulation attenuation is specified only for BTS. Required intermodulation attenuation in coordinated case for both GSM900 and GSM400 systems is 42 dB while current specification states that attenuation is 70 dB.

No changes are proposed for intermodulation attenuation specification.

T.5
Receiver characteristics

T.5.1
Blocking characteristics
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GSM400 system passband and transition band between TX and RX bands are much smaller than in GSM900 system. While determining out-of-band limits it was decided to keep the ratio of passband and transition band about the same as for GSM900 system. Thus out-of-band transition bandwidth at high frequencies is chosen to be 6 MHz, which is relatively the same as for GSM where 20 MHz was chosen. Passband to transition band ratio for GSM400 system is quite close to the respective ratio in E-GSM, thus E-GSM has been chosen as a reference system for low out-of-band blocking requirements.
	Frequency
	Frequency range (MHz)

	band
	T-GSM 380
	T-GSM 410

	
	MS
	BTS
	MS
	BTS

	in‑band
	389.6 – 405.6
	374.4 – 390.4
	419.6 – 435.6
	404.4 – 420.4

	out‑of‑band (a)
	0.1 ‑ < 390.4
	0.1 ‑ < 374.4
	0.1 ‑ < 420.4
	0.1 ‑ < 404.4

	out‑of‑band (b)
	N/A
	N/A
	N/A
	N/A

	out‑of band (c)
	N/A
	N/A
	N/A
	N/A

	out‑of band (d)
	> 405.6 ‑ 12,750
	> 390.4 ‑ 12,750
	> 435.6 ‑ 12,750
	> 420.4 ‑ 12,750


NOTE:
Although the T-GSM 380 and T-GSM 410 bands are 10 MHz wide, because a transition band of at least 2 MHz is needed, a maximum allocation is limited to approximately 8 MHz within the 10 MHz band. The allocated frequencies may be selected from any part of the band consistent with this transition band.

	Frequency
	Frequency range (MHz)

	Band
	GSM 450

	
	MS
	BTS

	In‑band
	457,6 ‑ 473,6
	444,4 ‑ 460,4

	out‑of‑band (a)
	0,1 ‑ < 457,6
	0,1 ‑ < 444,4

	out‑of‑band (b)
	N/A
	N/A

	out‑of band (c)
	N/A
	N/A

	out‑of band (d)
	> 473,6 ‑ 12,750
	> 460,4 ‑ 12,750


	Frequency
	Frequency range (MHz)

	Band
	GSM 480

	
	MS
	BTS

	In‑band
	486.0 ‑ 502.0
	472.8 ‑ 488.8

	out‑of‑band (a)
	0.1 ‑ < 486.0
	0.1 ‑ < 472.8

	out‑of‑band (b)
	N/A
	N/A

	out‑of band (c)
	N/A
	N/A

	out‑of band (d)
	> 502.0 ‑ 12,750
	> 488.8 ‑ 12,750


The out-of-band blocking specification relates to the GSM400 band and the feasibility of the receiver filter. Due to narrow gap between TX and RX bands at low frequency side of the MS out-of-band blocking requirement is chosen to be same as for EGSM i.e. ‑5 dBm. At the high frequency side of the MS GSM900 out-of-band blocking requirement of value 0 dBm has been chosen.

The MS in-band blocking specification close to the received channel has not been changed, this is limited by the receiver synthesizer phase noise. The blocking specification at > 3 MHz offset still misses the scenario requirements T.3.2.1.1 and T.3.2.1.4. Power consumption considerations make it anyway undesirable to further tighten the specification. Power consumption would grow, because of the extra current needed to compensate the losses in filters. While considering the low amount of interfering carriers in GSM400 systems the scenario is in practice very close to current GSM900 scenario.

The combinations of these proposal amounts to a filter specification over the MS receive band as shown below.
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	Frequency band
	E-GSM900
	GSM 450 and GSM 480

	
	
	

	
	MS
	BTS
	MS
	BTS

	
	dBm
	dBm
	dBm
	dBm

	in‑band
	
	
	
	

	600 kHz ( |f‑fo | < 800 kHz
	‑43
	‑26
	‑43
	‑26

	800 kHz ( |f‑fo | < 1.6 MHz
	‑43
	‑16
	‑43
	‑16

	1.6 MHz ( |f‑fo | < 3 MHz
	‑33
	‑16
	‑33
	‑16

	3 MHz ( |f‑fo | 
	‑23
	‑13
	‑23
	‑13

	out‑of‑band
	
	
	
	

	(a) (see note)
	-5
	8
	-5
	8

	(b)
	‑
	‑
	‑
	‑

	(c)
	‑
	‑
	‑
	‑

	(d)
	0
	8
	0
	8

	NOTE:
Relaxation for E-GSM MS is in the band 905 MHz to 915 MHz.


The following table gives the figures for the small MS for the T-GSM 380 and T-GSM 410 bands:

	Frequency band
	T-GSM 380 and T-GSM 410 

small MS

	
	dBµV (emf)
	dBm

	in-band
	
	

	600 kHz
( |f-fo| < 800 kHz
	70
	-43

	800 kHz
( |f-fo| < 1,6 MHz
	70
	-43

	1,6 MHz
( |f-fo| < 3 MHz
	80
	-33

	3 MHz 
( |f-fo| 
	90
	-23

	out-of-band
	
	

	(a)
	90
	-23

	(b)
	-
	-

	(c)
	-
	-

	(d)
	90
	-23


The BTS in-band blocking requirement has kept same as for GSM900 system. Scenario requirement T.3.2.1.2 is ‑46 dBm that considers blocking from the BTS own MSs. The proposal meets the scenario requirements even at 600 kHz offset. Requirement T.3.2.1.3 is -20 dBm, which is for mobiles from other operators. This is missed at 600 kHz but it is met at 800 kHz offset. No changes are recommended due to the non-probable occurrence of un-coordinated scenario and especially with full power, small MCL and small frequency offset.

The out-of-band specification has not been changed, although it does not meet scenario requirement T.3.2.1.5 (19 dBm). This is because the 30 dB coupling loss assumption between base stations is rather pessimistic, it corresponds to two 14 dBi antennas on boresight 26 m apart. Under these circumstances, operators may need to adopt specific mutual arrangements (e.g. antenna arrangements or extra operator specific receive filters) which need not form part of the GSM standard.
The out-of-band blocking specification of T-GSM 380 and 410 is matched to the requirements to other services in these bands. The relaxed specification is possible because of the low density of users anticipated in these bands.
T.5.2
AM suppression characteristics

AM suppression requirement is targeted for uncoordinated operation where two operators share the band. Current requirements are about the same for both GSM900 and DCS1800 systems. Even though it is assumed that uncoordinated scenarios are rare for GSM400 still AM suppression specification is written for GSM400 system for the specification to be consistent with GSM systems in other bands. It is suggested that GSM900 system requirement is applied for GSM400 systems.

T.5.3
Intermodulation Characteristics


[image: image10.wmf]DOCUMENTTYPE

TypeUnitOrDepartmentHere

TypeYourNameHere

TypeDateHere

GSM400

GSM900

GSM400

GSM900

39/33 dBm TX pwr

Frequency offset

Coordinated scenarios

Uncoordinated scenarios

According to GSM 05.05 GSM900

[image: image11.wmf]Intermodulation (Max level introduced) [dBm]

Allowed [dBm]

MS <- BTS

-11

-17

-11

-17

-49

BTS <- MS

-43

-49

-17

-23

-43


The GSM900 specification for handportables limits the maximum level to -49 dBm. Any tightening of this specification will increase the power consumption of the receiver. The proposed level of -49 dBm for the MS fails to meet scenario requirement T.3.2.2.1, but the only consequence is that the MS is de-sensed when close to a BTS with the appropriate transmitters active. Statistical probabilities of occurrence of this situation is highest in dense urban areas and while GSM400 BTS power level is recommended to be reduced the scenario is similar to GSM900 system. In rural areas MCL is easily higher than 53 dB.

The worst case for BTS receiver IMs is when two MSs approach the base station, the scenario requirement is covered in sections T.3.2.2.2 and T.3.2.2.3 and is -43 dBm for coordinated mobiles and -17 dBm for uncoordinated.

The GSM900 system requirement -43 dBm has been proposed since the probability of the uncoordinated scenario with maximum power and minimal MCL is low both spatially and spectrally. If the coupling loss between both MSs and the BTS increases by 1dB the level of a third order IM product will reduce by 3 dB.

T.5.4
Spurious emissions

Current requirements are the same for both GSM900 and DCS1800 systems. It is suggested that the same is adopted to GSM400 systems. No changes are proposed for this requirement.

T.6
Receiver performance

Reference sensitivity levels for GSM400 are determined to be equal to those of GSM900. The reference sensitivity performance specified in table 1 and table 1a [GSM 05.05] for GSM900 may be taken as GSM400 reference sensitivity performance requirement while the MS speed is doubled. The same applies for reference interference performance in table 2 and table 2a [GSM 05.05].

Current specification states that for static conditions, a bit error rate of 10exp-3 shall be maintained up to ‑15 dBm for GSM900. From GSM400 scenario calculations T.3.2.3.1 and T.3.2.3.2 it can be seen that maximum signal level expected in BTS antenna is ‑20 dBm and in MS antenna ‑14 dBm. These being calculated with pessimistic MCL values it may be concluded that current GSM900 performance requirement with ‑15 dBm received power level should be applicable also for GSM400 systems.

Chip error rate for GSM900 has been defined for static channel and EQ50 channel. It is reasonable to assume that in static conditions the performance of GSM400 and GSM900 are equal and no changes are proposed. EQ50 channel for GSM900 corresponds about to EQ100 in case of GSM400. Thus it is decided to keep the performance requirement equal while doubling the speed.

Annex Y:
T-GSM 900 system scenarios

Y.0
Introduction

This paper discusses system scenarios for T-GSM 900 operation primarily in respect of the 05.05 series of recommendations. To develop the T-GSM 900 standard, all the relevant scenarios need to be considered for each part of 05.05 and the most critical cases identified. The process may then be iterated to arrive at final parameters that meet both service and implementation requirements.

Y.1
Frequency bands and channel arrangement

T-GSM 900 systems are specified for the following frequency band. It is recognised that a guard band is required at the crossover from up link to down link at 915 MHz. See also CEPT ECC Report No. 5 on Adjacent Band Compatibility between TAPS (T-GSM 900) and GSM at 915 MHz:

T-GSM 900 Band

870.6 – 875.8 MHz: mobile transmit, base receive;

915.6 – 920.8 MHz: base transmit, mobile receive;

with a carrier spacing of 200 kHz.

Y.2
System Scenario Calculations for T-GSM 900 systems

Y.2.1
Worst case proximity scenarios

The purpose of the present document is to justify the adoption of E-GSM 900 radio frequency requirements to the T-GSM 900 system with minimal changes. This will make it easy to adapt standard GSM technology. Parameters like body loss and multiple interference margin are chosen to be identical that was used in GSM 900 or DCS 1800 system scenario calculations performed earlier in SMG. This was decided for to keep comparison with different system scenario calculations easy. It has to be noted that with chosen approach the T-GSM 900 scenario calculations are somewhat pessimistic compared to the scenarios for GSM 900. This is because the user densities expected in the T-GSM 900 are much lower than those of GSM 900.

As was seen with GSM 900 and DCS 1800 cases all worst case scenarios are not met. Compromises have been made where the parameters have statistical probabilities of occurrences and implementation issues. Evidently it would also be more severe to block a BTS than a single MS. Statistical properties of occurrence determine that the co-ordinated case is more important to meet than the uncoordinated case. Because of limited spectrum available in the T-GSM 900 band and the adjacent location to the GSM P band at 915 MHz it is relevant to assume that systems are operated in a co-ordinated manner in all cases. 

Tables below show examples of close proximity scenarios in urban and rural environments for GSM 900 and T-GSM 900 systems. 

Table 3  Worst case proximity scenarios for T-GSM 900
	
	Rural 
	
	Urban
	
	

	
	Street
	Building
	Street
	Building
	Street 

	
	
	[1]
	
	[1]
	

	BTS height, Hb (m)
	20
	15
	15
	30
	30

	MS height, Hm (m)
	1.5
	15
	1.5
	20
	1.5

	Horizontal separation (m) [4]
	30
	30
	15
	60
	15

	BTS antenna gain, Gb (dB) [2]
	18
	10
	10
	18
	18

	BTS antenna gain, G'b (dB) [3]
	 0
	10
	2
	13
	0

	MS antenna gain, Gm (dB)
	0
	0
	0
	0
	0

	Path loss into building (dB)
	
	6
	
	6
	

	Cable/Connector Loss (dB)
	2
	2
	2
	2
	2

	Body Loss  (dB)
	1
	1
	1
	1
	1

	
	
	
	
	
	

	Path loss - antenna gain (dB)
	65
	60
	59
	63
	65


Notes:
[1]
Handset at height Hm in building 


[2]
Bore-sight gain


[3]
Gain in direction of MS


[4]
Horizontal separation between MS and BTS

Path loss is assumed to be free space i.e. 31.5 + 20 log d(m) dB for GSM 900 and T-GSM 900 systems, where d is the length of the sloping line connecting the transmit and receive antennas. The coupling loss is defined between antenna connectors. The transmitter power and receiver sensitivity is measured at the respective antenna connectors.

Coupling between BTSs may result either from the co-siting of BTSs or from several BTSs in close proximity with directional antenna. The minimum coupling loss between BTSs is assumed to be 30 dB. This is defined as the loss between the transmitter combiner output and the receiver multi-coupler input.

T-GSM 900 system scenario calculations use a value for dense urban area MCL of 59 dB.

MS to MS close proximity MCL is 34.5 dB for GSM 900 and T-GSM 900. Recent measures indicate that body loss for small hand-sets is closer to 10 dB rather than the used 1 dB (05.50 v 6.0.2 Appendix H). The requirements for the worst case scenario would be relaxed by this difference and easier to meet.

Worst case scenarios usually involve a "near/far" problem of some kind, the component scenario assumptions as given in the scenarios paper for "near" and "far" can be summarised as follows.

	"Near"
	MCL [dB]

	BTS -> MS
	59

	MS -> BTS
	59

	MS -> MS
	34.5

	BTS -> BTS
	30


	"Far"
	TX power [dBm]
	RX Sensitivity [dBm]

	BTS
	39
	-104

	MS
	33
	-102


Other parameters used in scenario calculations are:

	Parameter
	Value [dB]

	BTS power control range
	30

	MS power control range
	26

	C/I margin
	9

	Multiple interferers margin (MIM)
	10

	Transient margin
	20

	Margin for other IM's
	3


It is suggested that MIM for T-GSM 900 should be much lower than 10 dB because of the lower amount of carriers possible, but as was stated in the beginning GSM 900 system scenario calculation parameters are chosen for comparison reasons.

Y.3
Worst Case Scenario Requirements

Y.3.1
Transmitter

Y.3.1.1
Modulation, Spurs and noise

Y.3.1.1.1
Co-ordinated BTS -> MS 

Max. Tx noise level in Rx bandwidth = [BTS power] - [Power control range] - [C/I margin] - [MIM] = 

39 – 30 – 9 –10 = - 10 dBm

Y.3.1.1.2
Uncoordinated BTS -> MS 

Max. Tx. level of noise in Rx. bandwidth = [MS sensitivity] - [C/I margin] - [MIM] + [MCL] =

 -102 – 9 – 10 + 59 =  -62 dBm

Max. Tx level of spur in Rx bandwidth = [MS sensitivity] - [C/I margin] +  [MCL] = 

-102 – 9 +  53 = -52 dBm
Y.3.1.1.3
Coordinated & Uncoordinated MS -> BTS 

Max. Tx level in Rx bandwidth = [BTS sensitivity] - [C/I margin] + [MCL] = 

-104 – 9 + 59 = -52 dBm

Y.3.1.1.4
Coordinated & Uncoordinated MS -> MS

Max Tx level in Rx bandwidth = [MS sensitivity] - [C/I margin] + [MCL] = 

-102 – 9 + 34.5 = -76.5 dBm
Y.3.1.1.5
Coordinated & Uncoordinated  BTS -> BTS

Max Tx level noise in Rx bandwidth= [BTS sensitivity] - [C/I margin] - [MIM] + [MCL] = 

-104 – 9 –10 + 30 = -93 dBm

Y.3.1.2
Switching transients

Y.3.1.2.1
Uncoordinated MS -> BTS

Max. peak level in effective Rx BW at MS = [BTS sensit.] - [C/I margin] + [MCL] + [Transient margin] = 

-104 – 9 + 59 + 20 = -34 dBm

Y.3.1.2.2
Uncoordinated BTS -> MS 

Max. peak level in effective Rx BW at BTS = [MS sensit.] - [C/I margin] + [MCL] + [Transient margin] =

-102 – 9 + 59 + 20 = -32 dBm
Y.3.1.3
Intermodulation

Y.3.1.3.1
Coordinated BTS -> MS

Required IM attenuation in BTS = [C/I margin] + [BTS power ctrl range] + [margin for other IMs] = 

9 + 30 + 3 = 42 dB

Y.3.1.3.2
Uncoordinated BTS -> MS 

Required IM attenuat. in BTS = [BTS power] - {[Max. allowed lev. at MS1] + [MCL BTS2->MS1]} =

39 - {[-102 – 9 –3] + 59} = 94 dB
Y.3.1.3.3
Uncoordinated MSs -> BTS

Required IM attenuat. in MS = [MS power] - {[Max. allowed level at BTS2] + [MCL MS->BTS2]} = 

33 – {[-104 –9 –3] + 59} = 90 dB
Y.3.1.3.4
Uncoordinated MS & MS -> MS 

Required IM attenuat. in MS = [MS power] - {[Max. allowed level at MS3] + [MCL MS->MS3]} = 

33 - {[-102 –9 –3] + 34.5} = 112.5 dB
Y.3.2
Receiver

Y.3.2.1
Blocking

Y.3.2.1.1
Coordinated & Uncoordinated  BTS -> MS

Max. level at MS receiver = [BTS power] + [MIM] - [MCL] = 

39 + 10 – 59 = -10 dBm
Y.3.2.1.2
Coordinated MS -> BTS 

Max level at BTS receiver = [MS power] - [Power control range] - [MCL] = 

33 – 26 – 59 = -52 dBm
Y.3.2.1.3
Uncoordinated MS -> BTS 

Max level at BTS receiver = [MS power]  - [MCL] = 

33 – 59 = -26 dBm

Y.3.2.1.4
Coordinated & Uncoordinated  MS -> MS 

Max. level at MS receiver = [MS power] - [MCL] = 

33 - 34.5 = -1.5 dBm
Y.3.2.1.5
Coordinated & Uncoordinated  BTS -> BTS 

Max. level at BTS receiver = [BTS power] + [Multiple interferers margin] - [MCL] = 

39 + 10 – 30 = 19 dBm
Y.3.2.2
Intermodulation

Y.3.2.2.1
Coordinated & Uncoordinated  BTS -> MS 

Max. received level at MS1 = [BTS power] - [MCL BTS2->MS1] + [Margin for other IMs] =

39 – 59 + 3 = -17 dBm

Y.3.2.2.2
Coordinated MS -> BTS 

Max. received level at BTS1 = [MS power] - [MS power ctrl range] - [MCL MS-> BTS1] + [Margin for other IMs] = 

33 – 26 – 59 + 3 = -49 dBm
Y.3.2.2.3
Uncoordinated MS -> BTS 

Max. received level at BTS1 = [MS power] - [MCL MS-> BTS1] + [Margin for other IM's] = 

33 – 59 + 3 = -23 dBm
Y.3.2.3
Maximum level

Y.3.2.3.1
Coordinated MS -> BTS 

Max level at BTS = [MS power]  - [MCL] =

 33 – 59 = -26 dBm
Y.3.2.3.2
Coordinated  BTS -> MS 

Max level at MS = [BTS power] - [MCL] =

39 – 59 = -20 dBm
Y.4
Transmitter characteristics

For readability the chapter numbering in the transmitter and receiver characteristics chapters are aligned with current GSM 05.05 chapter numbering.

The worst case scenario requirements and current GSM 05.05 specification for GSM 900 are summarized in the tables beginning of each relevant chapter. Specification requirements in the table entries are converted to 200 kHz bandwidth to be comparable for scenario calculation results.

Y.4.1
Output power

Y.4.1.1
Mobile Station

T-GSM 900 uses the same power classes as GSM 900. 

The absolute tolerance on power control levels has been chosen to be the same as with GSM 900.

Y.4.1.2
Base Station

T-GSM 900 uses the same power classes as GSM 900. 

The tolerance on the BTS static power control step size is the same as for GSM 900.

Y.4.2
Output RF Spectrum
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Y.4.2.1
Spectrum due to the modulation and wideband noise

Coordinated case

In the coordinated case the BTS wideband noise requirement are fulfilled with both GSM 900 and T-GSM 900 systems and thus there is no need to change the specification for BTS TX mask. 

Worst case scenario requirements for MS wideband noise are tighter than for BTS. Since the table entries in GSM 05.05 are relative, as the level of the transmitter is reduced, the absolute specification becomes tighter. For coordinated MS to BTS interference it is to be noted that power control works and MS will be powered down. For MS close to BTS it is relevant to expect that minimum MS TX power is used. Thus introduced wideband noise is reduced accordingly down to –43 dBm at 600 kHz offset. Still there is a gap of 9 dB in GSM 900 scenarios and specification.

Probability of this scenario is low and actually allowing this to happen is not practical cellular planning. Low power users operating very close to BTS may block users locating in the edge area of very large cells that operate with full power and still close to sensitivity level. In other words blocking of some users at cell edge would require large cells in dense urban areas with very small handover margin. In sensible cellular planning these should be contradictory occurrences. Thus it was felt that there is no need to make specification too tight because of speculation of some unpractical occurrences.

Uncoordinated case

The theoretical worst case uncoordinated scenarios are failing by a large margin. This has always been the case for all bands. In reality this situation is very rare. An uncoordinated scenario is unlikely in the spectrum available for T-GSM 900. Secondly the theoretical calculations assumes the MS to be operating at its sensitivity limit while being close to a disturbing BTS. This is not a likely scenario. Experience has proved that there is no reason to require a change in the existing GSM900 transmitter mask.

Special Case

The normal requirement to wideband noise is inadequate in the case of a GSM BTS receiver operating just below 915 MHz and a T-GSM 900 BTS operating above 915 MHz.  In this case coordination is required. The TAPS BTS will need to be fitted with an additional filter to suppress the wideband noise according to the physical distance and separation in frequency. See ECC Report no. 5.

Y.4.2.2
Spectrum due to switching transients

Coordinated case

GSM 05.05 defines modulation mask, switching transients, spurious emissions and intermodulation specifications to be consistent with each other (GSM 05.50 V6.0.2 Annex D). The requirements for GSM900 are considered adequate also for T-GSM 900. 

Uncoordinated case

The requirements for GSM900 are considered adequate also for T-GSM 900.

No changes in respect to GSM 900 requirements are proposed.

Y.4.3
Spurious emissions

Y.4.3.1
Principle of the specification

No changes to measurement conditions are needed.
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Y.4.3.2
Base transceiver station

The current specification for BTS requires –98 dBm level of spurious emissions suppression in a 200 kHz BTS RX band. Current understanding is that the GSM 900 specification can be adopted for T-GSM 900 systems.

When T-GSM 900 BTS is co-sited with GSM systems in other bands, measures must be taken for mutual protection of receivers. T-GSM 900 systems must not produce excessive level of noise in the relevant up-link bands for GSM 900 and DCS 1800. GSM 900 and DCS 1800 are currently specified to allow a maximum of –36 dBm spurious emissions in the T-GSM 900 MHz band. This does not quite match with the requirements for T-GSM 900 systems. However no changes to the specifications are proposed as it is considered highly unlikely that these levels will exist so close to own receive band for GSM 900 and even more unlikely for DCS 1800. If BTSs of different frequency bands are co-sited the coupling loss must be increased by antenna arrangement or with external filters, but this must not be a part of GSM specification. 

Y.4.3.3
Mobile station

In idle mode power measured in GSM 900 down link band is limited to –57 dBm at 100 kHz measurement band. In up link band allowed level is –59 dBm. For uplink the wideband noise scenario requirement is –60 dBm at 200 kHz band. Due to different measurement methods (i.e. average vs. peak value) in wideband noise and spurious emission conditions it is reasonable to assume that GSM 900 requirements can be adopted as is for T-GSM 900 systems.

When allocated a channel the GSM 900 and DCS 1800 systems are currently specified to allow at maximum –36 dBm spurious emission in the 9 kHz – 1 GHz frequency range with measurement conditions as specified in GSM 05.05. However, no changes are proposed for the GSM 900 or DCS 1800 systems.

Y.4.4
Radio frequency tolerance

Maintain requirements in GSM 05.05 (defined in GSM 05.10).

Y.4.5
Output level dynamic operation

Y.4.5.1
Base station

This specification only affects the interference experienced by co-channel cells in the same PLMN. The requirement on the relative power level of unactivated timeslots is -30 dBc that is in line with the BTS power control range. 

Maintain current specification.

Y.4.5.2
Mobile station

Maintain current specification.

Y.4.6
Phase accuracy

Maintain current specification for GSM 900 in 05.05 (defined in GSM 05.04).

Y.4.7
Intermodulation attenuation

For GSM 900 system intermodulation attenuation is specified only for BTS. Required intermodulation attenuation in the coordinated case for both GSM 900 and T-GSM 900 systems is 42 dB while the current specification states that attenuation is 70 dB. 

No changes are proposed for intermodulation attenuation specification.

Y.5
Receiver characteristics

Y.5.1
Blocking characteristics
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The scenario where MS is blocked by BTS is considered to have insignificant influence because of the GSM-R band that separates T-GSM 900 and GSM 900. In respect of the GSM-R again no significant influence is expected because of the relative low user densities in this band and the statistical probability of a GSM-R MS to be close to a T-GSM BST and far away from its own BST while wanting to communicate.

The scenario where MS is blocking MS is very depending on statistical probabilities. It is considered highly unlikely that two MS will be in operation on the same timeslot within a few meters and one is at the sensitivity limit also considering the relatively low user densities of T-GSM.

The BTS to BTS blocking is a special case for T-GSM because of the frequency allocation. T-GSM BTS transmitter is operating from 915.6 MHz and the GSM BST receiver may be at 914.8 MHz in the same geographical area. This situation requires co-ordination and may require additional filters at the GSM BST receiver where the physical distance is short between a T-GSM BTS and the GSM BTS. See also ECC Report No. 5. 

	Frequency
	Frequency range (MHz)

	band
	T-GSM 900

	
	MS
	BTS

	in‑band
	900 ‑ 980
	850 ‑ 915

	out‑of‑band (a)
	0,1 ‑ < 900
	0,1 ‑ < 850

	out‑of‑band (b)
	N/A
	N/A

	out‑of band (c)
	N/A
	N/A

	out‑of band (d)
	> 980 ‑ 12,750
	> 915 ‑ 12,750


	Frequency band
	E-GSM 900
	T-GSM 900

	
	
	

	
	MS
	BTS
	MS
	BTS

	
	dBm
	dBm
	dBm
	dBm

	in‑band
	
	
	
	

	600 kHz
( |f‑fo | < 800 kHz
	‑43
	‑26
	‑43
	‑26

	800 kHz
( |f‑fo | < 1.6 MHz
	‑43
	‑16
	‑43
	‑16

	1.6 MHz
( |f‑fo | < 3 MHz
	‑33
	‑16
	‑33
	‑16

	3 MHz 
( |f‑fo | 
	‑23
	‑13
	‑23
	‑13

	out‑of‑band
	
	
	
	

	(a) [Note 1]
	-5
	8
	-9
	8

	(b)
	‑
	‑
	‑
	‑

	(c)
	‑
	‑
	‑
	‑

	(d)
	0
	8
	0
	8


Note 1: Relaxation for E-GSM MS is in the band 905 – 915 MHz.

The BTS in-band blocking requirement has kept same as for the GSM 900 system.

The out-of-band specification has been changed for MS. It has taken implementation issues into account but is based on the low probability of occurrence. 

Y.5.2
AM suppression characteristics

AM suppression requirement is targeted for uncoordinated operation where two operators share the band. Current requirements are about the same for both GSM 900 and DCS 1800 systems. Because of the closeness of GSM 900, GSM-R and T-GSM 900 it is considered that the current GSM 900 requirement also shall cover T-GSM 900.

Y.5.3
Intermodulation Characteristics
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T-GSM 900 has the same characteristics as GSM 900 although with much reduced user densities. Because of the ramifications of a change in the specification it is not proposed to change the intermodulation requirements for T-GSM 900.

Y.5.4
Spurious emissions

No changes are proposed for this requirement.

Y.6
Receiver performance

T-GSM 900 is sufficiently close in frequency to GSM 900 not to make any changes to the specification for T-GSM 900.
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