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1. Introduction
The out-of-band emissions requirements for the BS transmitter in [1] have been specified for both single carrier and multi-carrier BS. These requirements are ACLR, operating band unwanted emissions and spurious emissions. In RAN4#46bis, BS ACLR applicability was discussed and the following content was agreed [2].

For a multi-carrier BS, the requirement applies for the adjacent channel frequencies below the lowest carrier frequency used by the BS and above the highest carrier frequency used by the BS.
The receiver requirements in Section 7 of [1] assume reception with a single antenna. In case of multiple receive antennas the requirements apply to each antenna connector separately, with the other one(s) terminated or disabled. Requirements for a multi-carrier receiver have not been specified. 
The purpose of this contribution is to initiate the discussion on how to specify receiver requirements for an E-UTRA multi-carrier BS. Appropriate RX requirements for mixed UTRA + E-UTRA multi-carrier BS configurations are FFS.
2. Discussion

In a multi-carrier receiver, it is possible to set the processing bandwidth (i.e. used receiver BW) wider than a single E-UTRA channel bandwidth. Both TX and RX requirements in [1] are specified at the BS antenna connector. From this perspective there is a fundamental difference between a multi-carrier transmitter and a multi-carrier receiver. At the antenna connector, the “lowest carrier frequency used” and the “highest carrier frequency used” can be recognized
 via the emitted spectrum on the TX path. Therefore the same test set-up can be used for a single-carrier and a multi-carrier transmitter. However, on the RX path, as long as a test is performed with a single wanted carrier, it is impossible to identify at the antenna connector the lowest and the highest carrier frequency where simultaneously a certain performance is achieved. A multi-carrier receiver must therefore be tested with a multi-carrier wanted signal. With a single wanted carrier, it is possible to apply such settings to the receiver that a certain performance requirement is met at the carrier under test, but not at other carriers if these would have been applied simultaneously.
With a multi-carrier wanted signal, the same principles applied to multi-carrier TX testing can also be applied to RX testing. The manufacturer declares which frequency range and multi-carrier bandwidths are supported. The lowest and the highest supported bandwidth are tested as specified in section 4.7 of [3]. A wanted signal is applied at the lower edge of the tested multi-carrier bandwidth. Another wanted signal is applied at the upper edge of the tested multi-carrier bandwidth. It is not deemed necessary to apply wanted signals between the outer carriers, because usually the worst performance is obtained at the outer channels. In the Reference sensitivity measurement only the two wanted signals are applied. In the ACS, blocking and intermodulation measurements interferers are applied at frequencies outside the tested multi-carrier bandwidth. Following the TX testing approach, no requirements are specified for interferers between the wanted channels. One aspect FFS is the allowed desensitization of the two wanted signals in the presence of an interferer: e.g., in the ACS test more desensitization is allowed for the 1.4 and 3 MHz channels, because of the relatively higher adjacent channel emissions of the UE. Here one could consider a smaller desensitization in the wanted channel not adjacent to the interferer. Similarly, in the intermodulation tests the third order intermodulation product will fall on only one of the wanted channels and the other channel is expected to suffer less impairment. 
Regarding Dynamic range and In-channel selectivity, a similar approach as for the Reference sensitivity level can be adopted, i.e. two simultaneous wanted signals, one at the lowest assigned channel frequency and one at the highest assigned channel frequency are chosen, together with their corresponding in-channel interfering signals. That is to say, that the currently specified single carrier requirements shall be simultaneously fulfilled at the lowest and highest assigned E-UTRA channel frequency.
3. Conclusion

This contribution discussed how RX requirements could be specified for an E-UTRA multi-carrier BS in TS36.104 in order to align with the TX requirements.

It is proposed that RAN4 agrees upon the following principles for further work in this area:
1. In a multi-carrier receiver, two wanted carriers are tested simultaneously, at both edges of the multi-carrier bandwidth.

2. There are no requirements for unwanted signals between the wanted carriers.

3. Only the highest and the lowest supported multi-carrier bandwidth are tested.

4. The same amount of unwanted signals is used as in the equivalent single-carrier test. E.g. in a blocking test there is only one blocker at a time, even though two simultaneous wanted signals are used.
5. The properties of the interferer(s) are chosen according to the requirements of the closest wanted carrier.

6. If the requirements per wanted carrier are chosen to be different, any such difference shall be reflected by the wanted signal level, not by the interferer level. The interferer level is always the same as in the test of a single-carrier base station as the interferer can not “see” what is hidden behind the antenna connector.

The attached test proposal in Annex A clarifies how the RF Receiver requirements for multi-carrier BS could be specified in TS36.104. 
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[3] 3GPP TS 36.141 V0.4.0, “Base station (BS) conformance testing”

Annex A, Text proposal for TS36.104
7.2
Reference sensitivity level

The reference sensitivity power level PREFSENS is the minimum mean power received at the antenna connector at which a throughput requirement shall be met for a specified reference measurement channel. 
For a multi-carrier BS this requirement shall be simultaneously met for two wanted signals, one at the lowest assigned channel frequency and one at the highest assigned channel frequency.
7.2.1
Minimum requirement

The throughput for each wanted signal shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in Annex A with parameters specified in Table 7.2-1.
Table 7.2-1: BS reference sensitivity levels

	E-UTRA

channel bandwidth [MHz]
	Reference measurement channel
	 Reference sensitivity power level per carrier, PREFSENS
 [dBm]

	1.4
	FRC A1-1 in Annex A.1
	-107.3

	3
	FRC A1-2 in Annex A.1
	-103.6

	5
	FRC A1-3 in Annex A.1
	-101.6

	10
	FRC A1-3 in Annex A.1*
	-101.6

	15
	FRC A1-3 in Annex A.1*
	-101.6

	20
	FRC A1-3 in Annex A.1*
	-101.6 

	Note*: 
PREFSENS is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of FRC A1-3 mapped to disjoint frequency ranges with a width of 25 resource blocks each




-- NEXT MODIFIED SECTION –

7.3
Dynamic range

The dynamic range is specified as a measure of the capability of the receiver to receive a wanted signal in the presence of an interfering signal inside the received frequency channel at which a throughput requirement shall be met for a specified reference measurement channel. The interfering signal for the dynamic range requirement is an AWGN signal.
For a multi-carrier BS this requirement shall be simultaneously met for two wanted signals together with the corresponding interferer, in which one wanted signal is at the lowest assigned channel frequency and one at the highest assigned channel frequency.
7.3.1
Minimum requirement

The throughput for each wanted signal shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in Annex A with parameters specified in Table 7.3-1. 

Table 7.3-1: Dynamic range
	E-UTRA

channel bandwidth [MHz]
	Reference measurement channel
	Wanted signal mean power per carrier [dBm]
	Interfering signal mean power [dBm] /channel BW
	Type of interfering signal

	1.4
	FRC A2-1 in Annex A.2
	-76.8
	-88.7
	AWGN

	3
	FRC A2-2 in Annex A.2
	-72.9
	-84.7
	AWGN

	5
	FRC A2-3 in Annex A.2
	-70.8
	-82.5
	AWGN

	10
	FRC A2-3 in Annex A.2*
	-70.8
	-79.5
	AWGN

	15
	FRC A2-3 in Annex A.2*
	-70.8
	-77.7
	AWGN

	20
	FRC A2-3 in Annex A.2*
	-70.8 
	-76.4
	AWGN

	Note*: 
The wanted signal mean power is the power level of a single instance of the reference measurement channel. This requirement shall be met for each consecutive application of a single instance of FRC A2-3 mapped to disjoint frequency ranges with a width of 25 resource blocks each


7.4
In-channel selectivity
In-channel selectivity (ICS) is a measure of the receiver ability to receive a wanted signal at its assigned resource block locations in the presence of an interfering signal received at a larger power spectral density at which a throughput requirement shall be met for a specified reference measurement channel. The interfering signal shall be an E-UTRA signal as specified in Annex C.
For a multi-carrier BS this requirement shall be simultaneously met for two wanted signals together with the corresponding interferer, in which one wanted signal is at the lowest assigned channel frequency and one at the highest assigned channel frequency.
7.4.1
Minimum requirement

The throughput for each wanted signal shall be ≥ 95% of the maximum throughput of the reference measurement channel as specified in Annex A with parameters specified in Table 7.4-1. 

Table 7.4-1 E-UTRA BS in-channel selectivity
	E-UTRA

channel bandwidth (MHz)
	Reference measurement channel
	Wanted signal mean power per carrier [dBm]
	Interfering signal mean power [dBm] 
	Type of interfering signal

	1.4
	A1-4 in Annex A.1
	[-106.7]
	[-87]
	1.4 MHz E-UTRA signal, 3 RBs

	3
	A1-5 in Annex A.1
	[-102.6]
	[-84]
	3 MHz E-UTRA signal, 6 RBs

	5
	A1-2 in Annex A.1
	[-100.6]
	[-81]
	5 MHz E-UTRA signal, 10 RBs

	10
	A1-3 in Annex A.1
	[-98.6]
	[-77]
	10 MHz E-UTRA signal, 25 RBs

	15
	A1-3 in Annex A.1*
	[-98.6]
	[-77]
	15 MHz E-UTRA signal, 25 RBs*

	20
	A1-3 in Annex A.1*
	[-98.6]
	[-77]
	20 MHz E-UTRA signal, 25 RBs*

	Note*: 
Wanted and interfering signal are placed adjacently around DC


-- NEXT MODIFIED SECTION –

7.5
Adjacent Channel Selectivity (ACS) and narrow-band blocking

Adjacent channel selectivity (ACS) is a measure of the receiver ability to receive a wanted signal at its assigned channel frequency in the presence of an adjacent channel signal with a specified centre frequency offset of the interfering signal to the band edge of a victim system. The interfering signal shall be an E-UTRA signal as specified in Annex C. 
For a multi-carrier BS this requirement applies with two simultaneous wanted signals, one at the lowest assigned channel frequency and one at the highest assigned channel frequency. The requirement applies for a single interferer, either in the adjacent channel below the lowest assigned channel frequency used by the BS or in the adjacent channel above the highest assigned channel frequency used by the BS.
7.5.1
Minimum requirement

The throughput for each wanted signal shall be ≥ 95% of the maximum throughput of the reference measurement channel, with the wanted signal(s) and an interfering signal coupled to the BS antenna input as specified in Tables 7.5-1 and 7.5-2 for narrowband blocking and in Table 7.5-3 for ACS. The reference measurement channel for the wanted signal is identified in Table 7.2-1 for each channel bandwidth and further specified in Annex A. 
Table 7.5-1: Narrowband blocking requirement

	Wanted signal mean power per carrier [dBm]
	Interfering signal mean power [dBm]
	Type of interfering signal, according to the closest wanted signal

	PREFSENS + 6dB*
	-49
	See Table 7.5-2

	Note*: 
PREFSENS depends on the channel bandwidth as specified in Table 7.2-1.



Table 7.5-2: Interfering signal for Narrowband blocking requirement

	E-UTRA

Assigned BW [MHz]
	Interfering RB centre frequency offset to  the channel edge of the closest wanted signal [kHz]
	Type of interfering signal according to the closest wanted signal

	1.4
	250+m*180,

m=0, 1, 2, 3, 4, 5
	1.4 MHz E-UTRA signal, 1 RB*

	3
	240+m*180,

m=0, 1, 2, 3, 4, 7, 10, 13
	3 MHz E-UTRA signal, 1 RB*

	5
	340+m*180,

m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5 MHz E-UTRA signal, 1 RB*

	10
	340+m*180,

m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5 MHz E-UTRA signal, 1 RB*

	15
	340+m*180,

m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5 MHz E-UTRA signal, 1 RB*

	20
	340+m*180,

m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5 MHz E-UTRA signal, 1 RB*

	Note*: 
Interfering signal consisting of one resource block adjacent to the wanted signal


Table 7.5-3: Adjacent channel selectivity

	E-UTRA

channel bandwidth [MHz]
	Wanted signal mean power per carrier [dBm]
	Interfering signal mean power [dBm]
	 Interfering signal centre frequency offset from  the channel edge of the closest wanted signal [MHz]
	Type of interfering signal, according to the closest wanted signal

	1.4
	PREFSENS + 11dB*
	-52
	0.7
	1.4MHz E-UTRA signal

	3
	PREFSENS + 8dB*
	-52
	1.5
	3MHz E-UTRA signal

	5
	PREFSENS + 6dB*
	-52
	2.5
	5MHz E-UTRA signal

	10
	PREFSENS + 6dB*
	-52
	2.5
	5MHz E-UTRA signal

	15
	PREFSENS + 6dB*
	-52
	2.5
	5MHz E-UTRA signal

	20
	PREFSENS + 6dB*
	-52
	2.5
	5MHz E-UTRA signal

	Note*: 
PREFSENS depends on the channel bandwidth as specified in Table 7.2-1.


7.6
Blocking 

The blocking characteristics is a measure of the receiver ability to receive a wanted signal at its assigned channel frequency in the presence of an unwanted interferer, which are either a 1.4MHz, 3MHz or 5MHz E-UTRA signal for in-band blocking or a CW signal for out-of-band blocking. The interfering signal shall be an E-UTRA signal as specified in Annex C.

For a multi-carrier BS this requirement applies with two simultaneous wanted signals, one at the lowest assigned channel frequency and one at the highest assigned channel frequency. The requirement applies for a single interferer, either in the frequency range below the lowest assigned channel frequency used by the BS or in the frequency range above the highest assigned channel frequency used by the BS.
The blocking performance requirement applies as specified in the tables 7.6-1 and 7.6-2 in section 7.6.1

7.6.1
General requirement

The throughput for each wanted signal shall be ≥ 95% of the maximum throughput of the reference measurement channel, with the wanted signal(s) and an interfering signal coupled to BS antenna input using the parameters in Table 7.6-1 and 7.6-2. The reference measurement channel for the wanted signal is identified in Table 7.2-1 for each channel bandwidth and further specified in Annex A.
Table 7.6-1: Blocking performance requirement for

	Operating Band
	Centre Frequency of Interfering Signal [MHz]
	Interfering Signal mean power [dBm]
	Wanted Signal mean power per carrier [dBm]
	Interfering signal centre frequency minimum frequency offset from  the channel edge of the wanted signal [MHz]
	Type of Interfering Signal, according to the closest wanted signal

	1-7, 9-11, 13-14, 33-40
	(FUL_low -20)
	to
	(FUL_high +20)
	-43
	PREFSENS +6dB*
	See table 7.6-2
	See table 7.6-2

	
	1 

(FUL_high +20)
	to

to
	(FUL_low -20) 

12750
	-15
	PREFSENS +6dB* 
	(
	CW carrier 

	8
	(FUL_low  -20)
	to
	(FUL_high +10)
	-43
	PREFSENS +6dB*
	See table 7.6-2
	See table 7.6-2

	
	1 

(FUL_high +10)
	to

to
	(FUL_low  -20) 

12750
	-15
	PREFSENS +6dB* 
	(
	CW carrier 

	12
	(FUL_low  -20)
	to
	(FUL_high +12)
	-43
	PREFSENS +6dB*
	See table 7.6-2
	See table 7.6-2

	
	1 

(FUL_high +12)
	to

to
	(FUL_low  -20) 

12750
	-15
	PREFSENS +6dB* 
	(
	CW carrier 

	Note*: 
PREFSENS depends on the channel bandwidth as specified  in Table 7.2-1.


Table 7.6-2: Interfering signals for blocking performance requirement for

	E-UTRA

channel BW [MHz]
	Interfering signal centre frequency minimum offset to  the channel edge of the closest wanted signal [MHz]
	Type of interfering signal, according to the closest wanted signal

	1.4
	2.1
	1.4MHz E-UTRA signal

	3
	4.5
	3MHz E-UTRA signal

	5
	7.5
	5MHz E-UTRA signal

	10
	7.5
	5MHz E-UTRA signal

	15
	7.5
	5MHz E-UTRA signal

	20
	7.5
	5MHz E-UTRA signal


-- NEXT MODIFIED SECTION –
7.8
Receiver intermodulation 

Third and higher order mixing of the two interfering RF signals can produce an interfering signal in the band of the desired channel.  Intermodulation response rejection is a measure of the capability of the receiver to receive a wanted signal on its assigned channel frequency in the presence of two interfering signals which have a specific frequency relationship to the wanted signal. Interfering signals shall be a CW signal and an E-UTRA signal as specified in Annex C. 

For a multi-carrier BS this requirement applies with two simultaneous wanted signals, one at the lowest assigned channel frequency and one at the highest assigned channel frequency. The requirement applies for a single pair of interferers, either below the lowest assigned channel frequency used by the BS or above the highest assigned channel frequency used by the BS.
7.8.1
Minimum requirement

The throughput for each wanted signal shall be ≥ 95% of the maximum throughput of the reference measurement channel, with the wanted signal(s) at the assigned channel frequency and two interfering signals coupled to the BS antenna input, with the conditions specified in Tables 7.8-1 and 7.8-2 for intermodulation performance and in Table 7.8-3 for narrowband intermodulation performance. The reference measurement channel for the wanted signal is identified in Table 7.2-1 for each channel bandwidth and further specified in Annex A.
Table 7.8-1: Intermodulation performance requirement

	Wanted signal mean power per carrier [dBm]
	Interfering signal mean power [dBm]
	Type of interfering signal, according to the closest wanted signal

	PREFSENS + 6dB*
	-52
	See Table 7.8-2

	Note*: 
PREFSENS depends on the channel bandwidth as specified in Table 7.2-1.



Table 7.8-2: Interfering signal for Intermodulation performance requirement

	E-UTRA

channel bandwidth [MHz]
	Interfering signal centre frequency offset from  the channel edge of the closest wanted signal [MHz]
	Type of interfering signal, according to the closest wanted signal

	1.4
	2.1
	CW

	
	4.9
	1.4MHz E-UTRA signal

	3
	4.5
	CW

	
	10.5
	3MHz E-UTRA signal

	5
	7.5
	CW

	
	17.5
	5MHz E-UTRA signal

	10
	7.5
	CW

	
	17.7
	5MHz E-UTRA signal

	15
	7.5
	CW

	
	18
	5MHz E-UTRA signal

	20
	7.5
	CW

	
	18.2
	5MHz E-UTRA signal


Table 7.8-3: Narrowband intermodulation performance requirement
	E-UTRA

channel bandwidth [MHz]
	Wanted signal mean power per carrier [dBm]
	Interfering signal mean power [dBm]
	 Interfering RB centre frequency offset from  the channel edge of the closest wanted signal [kHz]
	Type of interfering signal, according to the closest wanted signal

	1.4
	PREFSENS + 6dB*
	-52
	270
	CW

	
	
	-52
	790
	1.4 MHz E-UTRA signal, 1 RB**

	3
	PREFSENS + 6dB*
	-52
	275
	CW

	
	
	-52
	790
	3.0 MHz E-UTRA signal, 1 RB**

	5
	PREFSENS + 6dB*
	-52
	360
	CW

	
	
	-52
	1060
	5 MHz E-UTRA signal, 1 RB**

	10
	PREFSENS + 6dB*

(***)
	-52
	415
	CW

	
	
	-52
	1420
	5 MHz E-UTRA signal, 1 RB**

	15
	PREFSENS + 6dB*

(***)
	-52
	380
	CW

	
	
	-52
	1600
	5MHz E-UTRA signal, 1 RB**

	20
	PREFSENS + 6dB*

(***)
	-52
	345
	CW

	
	
	-52
	1780
	5MHz E-UTRA signal, 1 RB**

	Note*: 
PREFSENS is related to the channel bandwidth as specified in Table 7.2-1. 
Note**: 
Interfering signal consisting of one resource block positioned at the stated offset. 

Note***:    This requirement shall apply only for a FRC A1-3 mapped to the frequency range at the channel edge adjacent to the interfering  signals
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