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Annex U: 850 MHz and 1900 MHz Mixed-Mode Scenarios

U.1 Introduction

850 MHz and 1900 MHz mixed-mode is defined as a network that deploys both 30 kHz RF carriers and 200 kHz RF carriers in geographic regions where the Federal Communications Commission (FCC) regulations are applied. There are two scenarios in these regions: 

-
Mixed-mode multi-carrier BTS in FCC regulated environment

-
Mixed-mode multiple MS and BTS, uncoordinated close proximity 

The following documents describe the basis for the 850 MHz and 1900 MHz mixed-mode base station RF requirements:

[1] TIA/EIA-136-280 "Base Station Minimum Performance"

[2] Federal Communications Commission (FCC) Code of Federal Regulations (CFR), Title 47, Part 22 "Public Mobile Service", Subpart C and H

[3] Federal Communications Commission (FCC) Code of Federal Regulations (CFR), Title 47, Part 24 "Personal Communications Services (PCS)", Subpart E

[4] Tdoc ETSI SMG2 EDGE 44/99, Source: TIA TR45.3 AHIC, Title: Liaison Statement to ETSI SMG2 WPB Regarding ETSI SMG2 WPB's Response to TIA TR45.3 AHIC's Tdoc SMG2 WPB 30/99 "EDGE Blocking Specifications"

[5] TR45.3.AHIC/99.02.18.04, Source: Nortel Networks, Title: Proposed Liaison Statement to ETSI SMG2 WPB Regarding ETSI SMG2 WPB Response to TR45.3 AHIC Tdoc SMG2 WPB 30/99 "EDGE Blocking Specifications"

[6] ETSI GSM 05.05 "Radio Transmission and Reception", Release 1997

U.2
BTS Wide Band Noise and Intra BTS Intermodulation Attenuation 

U.2.1
Overview

U.2.1.1

TIA/EIA-136

In TIA/EIA-136, the conducted spurious emissions limits are specified as -13 dBm peak measured in 30 kHz outside the authorized transmit band (see TIA/EIA-136-280, §3.4.2.2.1). This includes conducted spurious energy from spurs and intermodulation products in addition to the wideband noise.

850 MHz

For output powers 50 W or less, the peak power level of any emissions within the base station transmit band between 869 and 894 MHz, measured using a 30 kHz bandwidth centered 120 kHz or more from the carrier frequency, shall not exceed a level of 45 dB below the mean carrier output power or -13 dBm, whichever is the lower power. For output powers greater than 50 W, the peak power level of any emissions within the base station transmit band between 869 and 894 MHz, measured using a 30 kHz bandwidth centered 120 kHz or more from the carrier frequency, shall not exceed a level of 60 dB below the mean carrier power output power (see TIA/EIA-136-280 §3.4.2.2.3.1).

1900 MHz

For output powers 50 W or less, the peak power level of any emissions within the base station transmit band between 1930 and 1990 MHz, measured using a 30 kHz bandwidth centered 120 kHz or more from the carrier frequency, shall not exceed a level of 45 dB below the mean carrier output power or -13 dBm, whichever is the lower power. For output powers greater than 50 W, the peak power level of any emissions within the base station transmit band between 1930 and 1990 MHz, measured using a 30 kHz bandwidth centered 120 kHz or more from the carrier frequency, shall not exceed a level of 60 dB below the mean carrier power output power (see TIA/EIA-136-280 §3.4.2.2.3.2).

Also, the radiated products from co-located transmitters must not exceed FCC spurious and harmonic level requirements that would apply to a single transmitter (see TIA/EIA-136-280, §3.4.4.1.1).

Finally, TIA/EIA-136 provides an additional requirement for intermodulation performance such that transmit intermodulation products must not exceed -60 dBc relative to the per carrier power in a multi-carrier BTS environment. 

U.2.1.2
ETSI GSM

In GSM 05.05, the wideband noise specification is defined for a single RF carrier. GSM 05.05 does not make any specific provisions for the stackup of noise power. For example, a 10 RF carrier BTS would be allowed to radiate wideband noise levels that are 10 dB above those of a single RF carrier BTS.

Transmit spurs are specified separately from wideband noise in GSM 05.05 and are allowed to be up to -36 dBm rms measured in 200 kHz (see GSM 05.05, §4.2.1). The specification allows for: 3 spurs in the range of 600 kHz to 6 MHz offset from the carrier, and 12 more spurs in the range from 6 MHz offset from the carrier to the edges of the relevant transmit band.

Finally, intra BTS intermodulation levels are allowed to be -70 dBc peak with all the carriers on.

U.2.2
Scenario - Mixed-Mode Multi-Carrier BTS in FCC Regulated Environment 

Aside from the frequency bands, the main constraint is the number of RF carriers in the BTS. The extreme condition occurs when there are a large number of RF carriers in the BTS.

The 850 MHz mixed-mode system is required to operate in the following frequency bands:

· 824 - 849 MHz: mobile transmit, base receive;

· 869 - 894 MHz: base transmit, mobile receive

The 1900 MHz mixed-mode system is required to operate in the following frequency bands:

· 1850 - 1910 MHz: mobile transmit, base receive;

· 1930 - 1990 MHz: base transmit, mobile receive

with a carrier spacing of 200 kHz for GPRS-136HS and 30 kHz for TIA/EIA-136. Also, the 200 kHz GPRS-136HS carriers and 30 kHz TIA/EIA-136 carriers can be deployed at different power levels and may use portions of the existing Tx chain.

As the number of RF carriers in a BTS increases, the wideband noise requirements become more stringent vis-à-vis a single RF carrier BTS. For example, with 40 RF carriers transmitted via a single antenna subsystem (i.e., a multi-carrier BTS), the wideband noise performance of a single transceiver in such a case would have to be at least 16 dB tighter than a single transceiver in a one-carrier BTS.

NOTE: The scenario description in §2.3 of GSM 05.50 Annex A investigates the potential impact of intra BTS intermodulation products contributing to interference between uncoordinated service providers. Specifically, as a mobile station accepting service from a service provider approaches within close proximity of an uncoordinated BTS, the intra BTS intermodulation products may introduce an added source of interference.

In geographic regions governed by FCC regulations, inter-licensee interference is regulated by CFR, Title 47, Part 22 for 850 MHz systems and CFR, Title 47, Part 24 for PCS 1900 MHz systems.  CFR, Title 47, Parts 22 and 24 describe emission limits on any frequency outside a service provider's licensed frequency block. These emission limits include the intra BTS intermodulation products that fall within an adjacent service provider’s licensed frequency block.

These emissions limits and the conditions imposed by the FCC must be considered when establishing intra BTS intermodulation attenuation performance in geographic regions governed by FCC regulations.

U.2.3
BTS Wide Band Noise and Intra BTS Intermodulation Attenuation Analysis

850 MHz and 1900 MHz Non-Mixed Mode

This analysis examines the total conducted spurious emissions that would be radiated from a BTS that is compliant with TIA/EIA-136-280 (i.e., for 850 MHz or 1900 MHz non-mixed-mode operation). 

For this analysis, it is assumed that the BTS that transmits 39 dBm rms per 30 kHz carrier. As noted in §1.1.1, the BTS total conducted spurious emissions are limited to -13 dBm peak measured in 30 kHz. The conversion factor between peak and rms power level is taken to be 10 dB. Therefore, the summation of wideband noise and intermodulation products (i.e., the total noise budget) is limited to -23 dBm rms measured in 30 kHz. The total noise budget can be tailored to meet the needs of a particular system. For the purposes of this analysis, equal amounts of power (i.e., -26 dBm rms) are budgeted to the wideband noise and intermodulation products.

As an example, for a sector that is deployed with 20 RF carriers, the wideband noise would be restricted to -39 dBm rms measured in 30 kHz (-26 dBm rms - 10log10 20). This represents -78 dBc measured in 30 kHz [39 dBm rms per 30 kHz carrier - (-39 dBm rms)]. 

Using the same example, this represents -65 dBc measured in 30 kHz for intermodulation products [39 dBm rms per 30 kHz carrier - (-26 dBm rms)]. This particular example (i.e., a BTS that transmits 39 dBm rms per 30 kHz carrier with 20 carriers) results in an intermodulation attenuation requirement which exceeds the -60 dBc stipulated in TIA/EIA-136-280. However, in conjunction with the wideband noise component, the system meets the -13 dBm peak total conducted spurious emissions requirement (i.e., for high BTS power levels, the -13 dBm specification applies). For a BTS that transmits ( 34 dBm rms per 30 kHz carrier (i.e., for low BTS power levels), the -60 dBc requirement applies.

NOTE: This assumed the use of an A+B band transmit filter for 850 MHz operation and an A+B+C+D+E+F band transmit filter for 1900 MHz operation. If an A or B band transmit filter were to be used separately instead for 850 MHz operation, then the power levels of the out-of-band intermodulation products would be attenuated even further. The same holds true if an A or B or C or D or E or F band transmit filter were to be used separately instead for 1900 MHz operation.

850 MHz and 1900 MHz Mixed Mode
For 850 MHz and 1900 MHz mixed-mode operation, the addition of GPRS-136HS 200 kHz RF carriers must be done in a way that is consistent with the existing non-mixed mode specification environment. Referring to the above analysis, the mixed-mode intra BTS intermodulation specifications become:
· For 30 kHz channel alone, the intermodulation products must be at least -60 dBc measured in a 30 kHz bandwidth relative to the 30 kHz channel carrier power measured in a 30 kHz bandwidth.

· For 200 kHz channel alone, the intermodulation products must be at least -60 dBc measured in a 200 kHz bandwidth relative to the 200 kHz carrier power measured in a 300 kHz bandwidth.

· For 30 kHz channel mixed with 200 kHz channel, two measurements must be made and both of the following limits satisfied:

(a) All intermodulation products must be at least -60 dBc measured in a 30 kHz bandwidth relative to the 30 kHz channel carrier power measured in a 30 kHz bandwidth, and

(b) All intermodulation products must be at least -60 dBc measured in a 200 kHz bandwidth relative to the 200 kHz carrier power measured in a 300 kHz bandwidth.
The measurement of intermodulation products can be expressed in peak or average values, provided that they are expressed in the same parameters as the per carrier power.

In terms of their effect on adjacent band systems, these specifications imply no worse performance than existing non-mixed mode TIA/EIA-136 systems.

NOTE: A manufacturer, whose transmitters are to be used with another manufacturer's combining and isolation equipment, may choose to specify a different intermodulation performance for the transmitter itself with the understanding that the overall goal of 60 dB attenuation is to be achieved when all combining and isolation equipment is in place in a normal installation.

Impact on Performance

The following analysis examines the impact on performance of -60 dBc intra BTS intermodulation on 850 MHz and 1900 MHz mixed mode (while the calculations make use of absolute values for distance, the results are dependent upon relative geometry). See Figure T.2.1.
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Figure T.2.1  Intra BTS intermodulation performance analysis.

The parameters are:

IMD = -60 dBc (intra BTS intermodulation attentuation level).

( = -38 (decade loss figure).
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Because the distance to the interfering base station is small, the reduction in antenna gain has to be accounted for. An additional factor of 10 dB needs to be accounted for.

Therefore, the region below 10 dB is restricted to:
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So in this case, it has been shown that only the last 2.6% of the range is potentially exposed.
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This is 0.07% of the area.
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Where power control is used and when less than the maximum number of channels is operating, the actual IMD levels will be significantly reduced.

U.3
BTS Blocking and AM Suppression Characteristics

Blocking and AM suppression characteristics are closely related and must be examined together. The primary difference between the two is that the blocking test uses a CW tone while the AM suppression test uses a modulated signal.

U.3.1
Overview

U.3.1.1
TIA/EIA-136

TIA/EIA-136 specifications do not include BTS blocking or AM suppression specifications in the fashion of GSM 05.05. The closest equivalent is the protection against spurious response interference requirement (see TIA/EIA-136-280, §2.3.2.4). For this test, an interfering (/4 DQPSK modulated signal is injected into the system at -50 dBm along with a desired (/4 DQPSK modulated signal 3 dB above the receiver reference RF sensitivity. The ability of the BTS receiver to discriminate between these two signals is then determined.

U.3.1.2
ETSI GSM

In GSM 05.50, the approach for determining blocking requirements is to identify the minimum coupling loss for a particular scenario and then use the resulting signal level to define the blocking test.

U.3.2
Scenario - Mixed-Mode Multiple MS and BTS, Uncoordinated Close Proximity

Aside from the frequency bands, the main constraint is the separation of the uncoordinated MS and BTS. The extreme condition is the case where the MS is close to the uncoordinated BTS and far from its coordinated BTS.

The 850 MHz mixed-mode system is required to operate in the following frequency bands:

· 824 - 849 MHz: mobile transmit, base receive;

· 869 - 894 MHz: base transmit, mobile receive

The 1900 MHz mixed-mode system is required to operate in the following frequency bands:

· 1850 - 1910 MHz: mobile transmit, base receive;

· 1930 - 1990 MHz: base transmit, mobile receive

with a carrier spacing of 200 kHz for GPRS-136HS and 30 kHz for TIA/EIA-136. Also, portions of the existing Rx chain may be used.

Since TIA/EIA-136 specifications do not include BTS blocking and AM suppression specifications in the fashion of GSM 05.05, this scenario (see Figure T.3.1) will be used to generate these specifications for mixed-mode operation.
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Figure T.3.1  Blocking and AM suppression.

U.3.3
Blocking Analysis

For this analysis, it is assumed that GPRS-136HS mobiles at 850 MHz and 1900 MHz will have similar "spectrum due to the modulation and wide band noise" (see GSM 05.05, §4.2.1) performance characteristics as their GSM 900 and DCS 1800 counterparts, respectively. Also, a 29 dBm mobile transmit power level is assumed at 850 MHz while a 30 dBm mobile transmit power level is assumed at 1900 MHz.

U.3.3.1
Definition

The receiver system noise floor of a GPRS-136HS channel is assumed to be -112 dBm. This is derived by the summation of kTB (-120 dBm) and NF (GSM 05.50 Annex A suggests NF value of 8 dB; however, current technology suggest a more appropriate number such as 4 dB for this analysis) of the system. Operationally, blocking is defined as the situation where a combination of MS noise, BTS noise, and BTS LO noise results in desensitization of the receiver by more than 3 dB. The LO noise performance is budgeted to contribute 0.5 dB to the desensitization. See Figure T.3.2.
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Figure T.3.2  Operational definition of blocking.

U.3.3.2



Calculation

· Step 1 - Receiver system noise floor
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· Step 2 - Acceptable 850 MHz MS wideband noise in 200 kHz
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· Step 3 - Resulting BTS LO phase noise power for 0.5 dB degradation in BTS receiver sensitivity
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· Step 4 - 850 MHz MS wideband noise in 100 kHz (i.e., MS wideband noise is measured using a 100 kHz filter)
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· Step 5 - Calculate the Associated Blocking Tone Level (ABTL), given -114 dBm received noise level.
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where 71 dBc is relative to desired signal's carrier power in 30 kHz [for 850 MHz MS (( 33 dBm transmit power GSM 05.05 §4.2.1) wideband noise at ( 6000 kHz] and 8 dB is 30 kHz to 200 kHz conversion factor from GSM 05.50 §6.

To account for MS and BTS performance margins it is proposed that the blocking test level be increased to -33 dBm for the larger frequency offsets. In addition the same value will be applied to 1900 MHz mixed mode as well.

The reference sensitivity performance as specified in the above example shall be met when the following signals are simultaneously input to the receiver:

· a useful signal at frequency fo, 1 dB above the reference sensitivity level as specified in subclause 6.2 in GSM 05.05;

· a continuous, static sine wave signal at a level as in the table below and at a frequency (f) which is an integer multiple of 200 kHz.

U.3.4
AM Suppression Analysis

Since blocking and AM suppression characteristics are closely related, the analysis used in the previous section can be used to determine the AM suppression requirement.
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