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1. Introduction
The Multi Standard Radio (MSR) Work Item was approved at the RAN Plenary #41. The objective of this Work Item is to write an RF requirement specification which will be applicable to the MSR base stations and will cover the RF requirements for GSM, UTRA and E-UTRA.
This document presents comparison of the RF receiver requirements for GSM, UTRA and E-UTRA and proposes which RF receiver requirements should be tested depending on the scenario. Furthermore, a way forward is proposed how to specify one requirement which would be applicable for all considered systems in the context of MSR.
2. Comparison of RF receiver requirements and a way forward
Sections below present the comparison of RF receiver requirements for GSM, UTRA and E-UTRA. 1.4MHz and 5MHz channel bandwidths were taken into account for E-UTRA. Bands 3 (1710 – 1785MHz) and 8 (880 – 915MHz) were considered in this document.
Furthermore, Band Category 1 and 2 proposed in [1] were extended to Band Category:

1a: <1GHz bands for UTRA FDD and E-UTRA FDD operation,
1b: >1GHz bands for UTRA FDD and E-UTRA FDD operation,
2a: <1GHz bands for GSM, UTRA FDD and E-UTRA FDD operation,
2b: >1GHz bands for GSM, UTRA FDD and E-UTRA FDD operation.
Figure 1 shows the principles of the Foffset, RAT and the interfering signal offset from the RF bandwidth edge. It is proposed to have a fixed interfering signal offset from the RF bandwidth edge for each requirement (besides CW signal for intermodulation requirements). Foffset RAT is dependent on the RAT and is described in more details in [2].
Additionally, it is proposed to reduce the number of redundant requirements (e.g. ACS) for MSR specification.
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Figure 1. Principles of the maximum offset and the interfering signal offset from the RF bandwidth edge
2.1 Reference sensitivity level
The receiver sensitivity requirements are shown in Table 1.

Table 1. Reference sensitivity requirements for GSM, UTRA and E-UTRA
	Reference sensitivity
	GSM
	UTRA
	E-UTRA 1.4MHz
	E-UTRA 5MHz

	Power level [dBm]
	-104
	-121
	-106.8
	-101.5


Way forward for reference sensitivity level:
It is proposed to indicate these requirements in the MSR specification and refer to the reference sensitivity levels in TS 45.005, 25.104 and 36.104. These requirements should be mentioned in the MSR specification as a reference to the desensitization for other RF receiver requirements.
2.2 Narrowband blocking and blocking

The in-band blocking requirements are shown in Table 2 and 3 and are specified for the following frequencies:


860 – 925MHz (Band 8)


1690 – 1805MHz (Band 3)

Table 2. Narrowband blocking requirements for GSM, UTRA and E-UTRA

	Narrowband blocking
	GSM 900
	GSM 1800
	UTRA
	E-UTRA 1.4MHz
	E-UTRA 5MHz

	Offset from the channel edge of the wanted signal [MHz]
	0.5/0.7
	0.5/0.7
	0.3
	0.25 (closest)
	0.34 (closest)

	Interfering signal mean power [dBm]
	-35/-16
	-35/-25
	-47
	-49
	-49

	Interfering signal
	CW
	CW
	GMSK
	E-UTRA 1.4MHz 1RB
	E-UTRA 5MHz 1RB

	Desensitization [dB]
	3/12
	3/3
	6
	6
	6


Note: The GSM carrier centre frequency was assumed with the offset of 100kHz from the GSM channel edge.
Table 3. Blocking requirements for UTRA and E-UTRA

	Blocking
	UTRA
	E-UTRA 1.4MHz
	E-UTRA 5MHz

	Minimum offset from the channel edge of the wanted signal [MHz]
	7.5
	2.1
	7.5

	Interfering signal mean power [dBm]
	-40
	-43
	-43

	Interfering signal
	UTRA
	E-UTRA 1.4MHz
	E-UTRA 5MHz

	Desensitization [dB]
	6
	6
	6


Way forward for narrowband blocking requirement:

It is proposed to agree first on the interfering signal type and an interfering signal offset from the RF bandwidth edge. Interfering signal mean power should be derived on a scenario basis and the resulting desensitization should be agreed once the general concept is approved by the RAN4 group.
For Band Category 1, we propose to use 1RB as an interfering signal with 340kHz interfering RB centre frequency offset from the RF bandwidth edge. The 340kHz offset corresponds to the E-UTRA 5MHz. For Band Category 2, additional requirements can be considered, e.g. with 500kHz and/or 700kHz interfering signal (GMSK or CW) offset from the RF bandwidth edge.
The interfering signal mean power and desensitization may be fixed for all considered RATs and E-UTRA channel bandwidths. If additional requirements will be agreed for the Band Category 2, the interfering signal mean power may depend on the Band Category 2a and 2b.
It should be noted that the narrowband blocking requirement is tighter than the ACS requirement. Therefore, it should be investigated if the ACS requirement should be specified for the MSR specification. Omission of ACS requirement would lower the number of test cases.
Way forward for blocking requirement:

It is proposed to agree first on the interfering signal type and an interfering signal offset from the RF bandwidth edge. Interfering signal mean power should be derived from a scenario basis and the resulting desensitization should be agreed once the general concept is approved by the RAN4 group.

We propose to use the E-UTRA 5MHz as an interfering signal with 7.5MHz interfering signal offset from the RF bandwidth edge.
The interfering signal mean power may be fixed and the desensitization may depend on the considered RAT/E-UTRA channel bandwidth. Foffset, RAT may be also set to a certain level in order to have fixed desensitization for all RATs/E-UTRA channel bandwidths.
If for Band Category 2, additional narrowband blocking requirements (e.g. with 500kHz and/or 700kHz interfering signal offset from the RF bandwidth edge) will be specified, they may replace the blocking requirements due to tightened requirements.
2.3 Out of band blocking

The out of band blocking requirements are shown in Table 4 and are specified for the following frequencies:


for GSM:

0.1– 860MHz and 925 – 12750MHz (GSM 900)




0.1 – 1690MHz and 1805 – 12750MHz (GSM 1800)


for UTRA and E-UTRA:

1– 860MHz and 925 – 12750MHz (Band 8)




1 – 1690MHz and 1805 – 12750MHz (Band 3)

Table 4. Out of band blocking requirements for GSM, UTRA and E-UTRA

	Out of band blocking
	GSM 900
	GSM 1800
	UTRA
	E-UTRA 1.4MHz
	E-UTRA 5MHz

	Interfering signal mean power [dBm]
	8
	0
	-15
	-15
	-15

	Interfering signal
	CW
	CW
	CW
	CW
	CW

	Desensitization [dB]
	3
	3
	6
	6
	6


In addition +16dBm blocker levels are specified for UTRA and E-UTRA in certain co-location bands. No separate co-location blocking requirements are specified for GSM.
Way forward for out of band blocking requirement:

We propose to use CW interfering signal mean power equal to -15dBm and the desensitization equal to 6dB as a starting point. For Band Category 2, no additional requirements need to be considered. The +8 dBm out of band blocking requirement in GSM includes co-location requirements, which will be specified separately on a need basis.
2.4 ACS

The UTRA and E-UTRA ACS requirements are shown in Table 5. For GSM, the ACS-1 and ACS-2 are equal to 18dB and 50dB, respectively. These requirements are included in the receiver performance section in TS 45.005.
Table 5. ACS requirements for UTRA and E-UTRA

	ACS
	UTRA
	E-UTRA 1.4MHz
	E-UTRA 5MHz

	Interfering signal mean power [dBm]
	-52
	-52
	-52

	Interfering signal
	UTRA
	E-UTRA 1.4MHz
	E-UTRA 5MHz

	Desensitization [dB]
	6
	11
	6


Way forward for ACS requirement:

It should be noted narrowband blocking requirement is more tighten than the ACS requirement. Therefore, it should be investigated if ACS requirement should be specified for the MSR specification. The reduction of the ACS requirement would lower the number of test cases.

If RAN4 group agree to specify this requirement, it is proposed to agree first on the interfering signal type and an interfering signal offset from the RF bandwidth edge. Interfering signal mean power and desensitization should be agreed once the general concept is approved by the RAN4 group.

If RAN4 group agree to specify this requirement, we propose to use the E-UTRA 5MHz as an interfering signal.
The interfering signal mean power may be fixed and the desensitization may depend on the considered RAT/E-UTRA channel bandwidth. Foffset, RAT may be also set to a certain level in order to have fixed desensitization for all RATs/E-UTRA channel bandwidths.

2.5 Narrowband intermodulation and intermodulation

The narrowband intermodulation and intermodulation requirements are shown in Table 6 and 7, respectively.
Table 6. Narrowband intermodulation requirements for GSM, UTRA and E-UTRA

	Narrowband intermodulation
	GSM 900
	GSM 1800
	UTRA
	E-UTRA 1.4MHz
	E-UTRA 5MHz

	Offset from the channel edge of the wanted signal [MHz]
	f0=2f1-f2,                         |f2-f1|=800kHz,                    e.g. 0.7 (f1) and 1.5 (f2)
	f0=2f1-f2,                                |f2-f1|=800kHz,                            e.g. 0.7 (f1) and 1.5 (f2)
	1 and 3.4
	0.27 and 0.79
	0.36 and 1.06

	Interfering signal mean power [dBm]
	-43 and -43
	-49 and -49
	-47 and     -47
	-52 and -52
	-52 and -52

	Interfering signal
	CW (f1) and GMSK (f2)
	CW (f1) and GMSK (f2)
	CW and GMSK
	CW and E-UTRA 1.4MHz 1RB
	CW and E-UTRA 5MHz 1RB

	Desensitization [dB]
	3
	3
	6
	6
	6


Note: The GSM carrier centre frequency was assumed with the offset of 100kHz from the GSM channel edge.
Table 7. Intermodulation requirements for UTRA and E-UTRA

	Intermodulation
	UTRA
	E-UTRA 1.4MHz
	E-UTRA 5MHz

	Offset from the channel edge of the wanted signal [MHz]
	7.5 and 17.5
	2.1 and 4.9
	7.5 and 17.5

	Interfering signal mean power [dBm]
	-48 and -48
	-52 and -52
	-52 and -52

	Interfering signal
	CW and UTRA
	CW and E-UTRA 1.4MHz
	CW and E-UTRA 5MHz

	Desensitization [dB]
	6
	6
	6


Way forward for narrowband intermodulation:

It is proposed to agree first on the interfering signal types and the interfering signal offsets from the RF bandwidth edge. Interfering signal mean power and desensitization should be agreed once the general concept is approved by the RAN4 group.

We propose to use 1RB and CW signal as interfering signals. The offsets of the interfering signals from the RF bandwidth edge may depend on the considered RAT/E-UTRA channel bandwidth in order to have an intermodulation product at the correct frequency location on the wanted signal.
For Band Category 2, additional requirements can be considered, e.g. GMSK and CW signal as interfering signals. The offsets of the interfering signals from the RF bandwidth edge may depend on the considered RAT/E-UTRA channel bandwidth in order to have an intermodulation product at the correct frequency location on the wanted signal.
The interfering signal mean power and desensitization may be fixed for all considered RATs and E-UTRA channel bandwidths. If additional requirements will be agreed for the Band Category 2, the interfering signal mean power may depend on the Band Category 2a and 2b.
Way forward for intermodulation:

It is proposed to agree first on the interfering signal types and interfering signal offsets from the RF bandwidth edge. Interfering signal mean power and desensitization should be agreed once the general concept is approved by the RAN4 group.

We propose to use the E-UTRA 5MHz and CW signal as an interfering signals. For the EUTRA 5MHz and CW signal, 7.5MHz and 17.5MHz interfering signal offsets from the RF bandwidth edge may be used, respectively.
The interfering signal mean power may be fixed and desensitization may depend on the considered RAT/E-UTRA channel bandwidth. Foffset, RAT may be also set to a certain level in order to have fixed desensitization for all RATs/E-UTRA channel bandwidths [1].

It should be noted that for GSM the narrowband intermodulation requirement is tighter than the intermodulation requirement. Therefore, it should be investigated if the intermodulation requirement should be specified for GSM.

2.6 Receiver spurious emissions

The receiver spurious emissions requirements are shown in Table 8.
Table 8. Receiver spurious emissions requirements for GSM, UTRA and E-UTRA

	Receiver spurious emissions
	GSM
	UTRA
	E-UTRA

	Band [GHz]
	9kHz-1/1-12.75/uplink operating band of the base station
	0.03-1/1-12.75/uplink operating band of the base station
	0.03-1/1-12.75

	Maximum level [dBm]
	-57/-47-98
	-57/-47/-78
	-57/-47

	Measurement bandwidth [MHz]
	subclause 4.3.1 in TS 45.005/0.1 (for uplink operating band of the base station)
	0.1/1/3.84
	0.1/1


Way forward for receiver spurious emissions:

It is proposed to specify receiver spurious emissions as follows:
Band: 0.03 – 1GHz, 1 – 12.75GHz, additionally uplink operating band of the base station
Maximum level: -57dBm (for 0.03 – 1GHz) and -47dBm (for 1 – 12.75GHz), additionally -78dBm (uplink operating band of the base station)
Measurement bandwidth: 0.1MHz (for 0.03 – 1GHz) and 1MHz (for 1 – 12.75GHz), additionally 3.84MHz (uplink operating band of the base station)
For Band Category 2, the band: 0.03 – 1GHz may be extended to band: 9kHz – 1GHz. Additionally, the maximum level of -78dBm may be changed to -98dBm and the measurement bandwidth of 3.84MHz may be changed to 0.1MHz.
2.7 Dynamic range

The dynamic range requirements are shown in Table 9. These requirements are specified for UTRA and E-UTRA only. Therefore, it is proposed these requirements are applicable only in case of UTRA or E-UTRA with the context of MSR.
Table 9. Dynamic range requirements for UTRA and E-UTRA

	Dynamic range
	UTRA
	E-UTRA 1.4MHz
	E-UTRA 5MHz

	Wanted signal mean power [dBm]
	-91
	-76.3
	-70.2

	Interfering signal mean power [dBm]
	-73
	-88.7
	-82.5

	Interfering signal
	AWGN
	AWGN
	AWGN

	Requirement
	0.001 BER, 12kbps reference channel
	95% maximum throughput, FRC A2-1
	95% maximum throughput, FRC A2-3


Way forward for dynamic range:

It is proposed to indicate these requirements in the MSR specification and refer to the dynamic range requirements in TS 25.104 and 36.104. These requirements should be applicable only in case of UTRA or E-UTRA with the context of MSR.

2.8 In-channel selectivity

The in-channel selectivity requirements are shown in Table 10. These requirements are specified for E-UTRA only. Therefore, it is proposed these requirements are applicable only in case of E-UTRA with the context of MSR.

Table 10. In-channel selectivity requirements for E-UTRA

	In-channel selectivity
	E-UTRA 1.4MHz
	E-UTRA 5MHz

	Wanted signal mean power [dBm]
	-106.7
	-100

	Interfering signal mean power [dBm]
	-87
	-81

	Interfering signal
	LTE 1.4MHz 3RBs
	LTE 5MHz 10RBs

	Requirement
	95% maximum throughput, FRC A1-4
	95% maximum throughput, FRC A1-2


Way forward for in-channel selectivity:

It is proposed to indicate these requirements in the MSR specification and refer to the in-channel selectivity requirements in TS 36.104. These requirements should be applicable only in case of E-UTRA with the context of MSR.

2.9 AM suppression

The AM suppression requirements are shown in Table 11. These requirements are specified for GSM only. Therefore, it is proposed these requirements are applicable only in case of GSM with the context of MSR.

Table 11. AM suppression requirements for GSM
	AM suppression
	GSM 900
	GSM 1800

	Minimum offset from the channel edge of the wanted signal [MHz]
	5.9
	5.9

	Interfering signal mean power [dBm]
	-31
	-35

	Interfering signal
	GSM TDMA signal
	GSM TDMA signal

	Desensitization [dB]
	3
	3


Note: The GSM carrier centre frequency was assumed with the offset of 100kHz from the GSM channel edge.
Way forward for AM suppression:

It is proposed to indicate these requirements in the MSR specification and refer to the AM suppression requirements in TS 45.005. These requirements should be applicable only in case of GSM with the context of MSR.

2.10 Nominal Error Rates
The Nominal Error Rates requirements, which are not specified at the GSM RF requirement sections, should be also considered for the MSR specification. NER indicate how large wanted signals (-15dBm for QPSK, -26dBm for 8PSK) the base station shall be able to process.
3. Conclusion

Comparison of the RF receiver requirements for GSM, UTRA, E-UTRA and a way forward have been presented. We would like to hear the opinion from other companies regarding the way forward proposed in this document.
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