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Proposal
During RAN4#85, requirements text for the ACS, blocking and receiver IM requirements was agreed. As part of the agreement, it was omitted to specify the waveform type for the modulated interferer waveforms.  For the NR uplink, two potential waveform types exist; CP-OFDM and DFT-S-OFDM. From the point of view of uplink requirements, there are two principle differences between the waveforms; the PAPR and the spectrum utilization, which may be smaller for DFT-S-OFDM than for CP-OFDM. It should be noted that although the PRB utilization of a DFT-S-OFDM waveform is limited by DFT constraints and is smaller, a DFT-S-OFDM transmission can be made anywhere within the CP-OFDM PRB utilization, so the distance of interferers from the wanted signal will not be impacted by the waveform type.
The PAPR will impact the core requirement on the BS. Furthermore, test gear must be capable of generating interferers with sufficient filtering of the (test equipment) unwanted emissions that test gear noise does not fall into the BS receive carrier and appear to degrade RX performance. Considering the increased spectrum utilization for NR, the fact that emissions may increase with increased PAPR and the need for test waveforms to be very flexible in regard to bandwidth and signal frequency, before deciding on the waveform it should be verified that it is feasible to generate test signals with reasonable test equipment complexity.
This TP proposes to capture the interferer waveform issue in the TR, but leaves the waveform selection open until verification of the testability (which can be discussed during the conformance phase).
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TEXT PROPOSAL:

7.4	In-band selectivity and blocking
[bookmark: _Toc494109098][bookmark: _Toc501545383][bookmark: _Hlk494215539]7.4.1	Adjacent Channel Selectivity (ACS)
The following have been agreed for conducted ACS requirement in FR1:
-	Adopt the E-UTRA BS (46dB) ACS to all NR BS classes. 
-	The allowed REFSEN degradation is 6dB.
-	Additional frequency offset similar to LTE to avoid orthogonality between sub-carriers of wanted and interfering signal should be considered.
-	ACS interfering signal should not extend to frequency range of OOB blocking.
-	For NR channel bandwidths less than or equal to 20 MHz, to specify 5 MHz as the interfering carrier bandwidth for ACS requirements.
-	For NR channel bandwidths wider than 20 MHz, to specify 20 MHz as the interfering carrier bandwidth and -52 dBm as the interfering carrier power for ACS requirements.
The ACS requirement may be specified with an offset calculated for the exact position of the interfering signal such that the sub-carrier grid of the interferer is ½ of the subcarrier spacing offset from the sub-carrier grid of the wanted signal. Furthermore, the subcarrier spacing of the interferer and the wanted signal could be set the same, such that the offset is achieved for all subcarriers of the interferer and wanted signal. However, since only the first few sub-carriers tend to impact ACS performance it is preferable to apply 15khz sub-carrier spacing for the interferer regardless of the wanted signal subcarrier spacing, since the 15khz sub-carrier spacing has the highest spectrum utilization. Testing with the minimum distance from the active PRBs of the interferer and the wanted signal bandwidth edge is seen as more important than aligning the subcarrier spacings.
The waveform for the interferer for ACS may be CP-OFDM or DFT-S-OFDM. The differing PAPR for these two types of waveform impact both the core requirement on the BS and the complexity of generating a clean test signal in test equipment. The interferer signal waveform was agreed to be [DFT-S-OFDM/CP-OFDM].
The wanted signal subcarrier spacing should be the lowest subcarrier spacing supported by the BS for the channel bandwidth in question.
Conformance of the ACS requirements can be shown in the reference direction.
Based on above agreements, the ACS requirement is specified in Tables 7.4.1-1 and 7.4.1-2.
Table 7.4.1-1: Base Station ACS in FR1
	[bookmark: _Hlk494223498]NR channel bandwidth of the lowest/highest carrier received [MHz]
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]

	5, 10, 15, 20 (NOTE 1)
	PREFSENS + 6dB
	Wide Area: -52
Medium Range: -47
Local Area: -44

	[25, 30, 40, 50, 60, 70, 80,90, 100] (NOTE 1)
	PREFSENS + 6dB
	Wide Area: -52
Medium Range: -47
Local Area: -44

	NOTE 1: The SCS for the lowest/highest carrier received is the lowest SCS supported by the BS for that bandwidth



Table 7.4.1-2: Base Station ACS frequency offsets in FR1
	NR channel bandwidth of the lowest/highest carrier received [MHz]
	Interfering signal centre frequency offset to the band edge of the wanted carrier [MHz]
	Type of interfering signal

	5
	[2.5025]
	5MHz NR signal
SCS: 15kHz

	10
	[2.5075]
	5MHz NR signal
SCS: 15kHz

	15
	[2.5125]
	5MHz NR signal
SCS: 15kHz

	20
	[2.5025]
	5MHz NR signal
SCS: 15kHz

	25
	[10.0075]
	20MHz NR signal
SCS: 15kHz

	30
	[10.0125]
	20MHz NR signal
SCS: 15kHz

	40
	[10.0075]
	20MHz NR signal
SCS: 15kHz

	50
	[10.0025]
	20MHz NR signal
SCS: 15kHz

	60
	[10.0125]
	20MHz NR signal
SCS: 15kHz

	70
	[10.0075]
	20MHz NR signal
SCS: 15kHz

	80
	[10.0025]
	20MHz NR signal
SCS: 15kHz

	90
	[10.0125]
	20MHz NR signal
SCS: 15kHz

	100
	[10.0075]
	20MHz NR signal
SCS: 15kHz



[bookmark: _Toc501545384]7.4.2	In-band Blocking
The following have been agreed for conducted in-band blocking requirement in FR1:
-	To specify the below 6GHz NR BS receiver in-band blocking conducted requirement for each NR BS class with an interfering signal power equal to that for the corresponding E-UTRA BS class, and the wanted signal level calculated as the BS reference sensitivity plus 6dB. 
-	The SNR for the BS reference sensitivity can be obtained at [95]% relative throughput from link level simulations.
-	The interfering signal should be defined as the same type as the interfering signal for the ACS requirement, with carrier frequency offset of two times the channel bandwidth of the interfering signal plus additional frequency offset like E-UTRA to avoid orthogonality between sub-carriers of wanted and interfering signal.
-	Consider extension on the lower and upper boundaries for the in-band blocking requirements.
-	Once the alignment of the boundary for both NR and E-UTRA is agreed for the transmitter the same solution is used for the receiver boundary.
For the narrowband blocking requirement, the requirement should be specified with an offset calculated for the exact position of the interfering signal such that the sub-carrier grid of the interferer is ½ of the subcarrier spacing offset from the sub-carrier grid of the wanted signal. Furthermore, the SCS of the interferer and the wanted signal could be set the same, such that the offset is achieved for all subcarriers of the interferer and wanted signal. However, since only the first few sub-carriers tend to impact blocking performance it is preferable to apply 15khz sub-carrier spacing for the interferer regardless of the wanted signal SCS, since the 15khz sub-carrier spacing has the highest spectrum utilization. Testing with the minimum distance from the active PRBs of the interferer and the wanted signal bandwidth edge is seen as more important than aligning the SCSs.
For the general blocking requirement, since the requirement relates to the receiver processing a large general power level, it is not important to consider the SCS for the wanted signal or the offset. The SCS was assumed to be 15khz.
The wanted signal SCS should be the lowest SCS supported by the BS for the channel bandwidth in question.
The OTA blocking requirement is tested using the same set of 5 conformance directions as the OTA sensitivity requirement. However in each direction, only one of the two blocking requirements is tested. Each of the two requirements is tested in at least one direction.
The waveform for the interferer for blocking requirements may be CP-OFDM or DFT-S-OFDM. The differing PAPR for these two types of waveform impact both the core requirement on the BS and the complexity of generating a clean test signal in test equipment. The interferer signal waveform was agreed to be [DFT-S-OFDM/CP-OFDM].

Based on above agreements, the general blocking requirements is specified in Tables 7.4.2-1 and and the narrowband blocking requirement in Table 7.4.2-2 and 7.4.2-3.
Table 7.4.2-1: Base Station general blocking requirement in FR1
	NR channel bandwidth of the lowest/highest carrier received [MHz]
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]
	Interfering signal centre frequency offset to the band edge of the wanted carrier [MHz]
	Type of interfering signal

	5, 10, 15, 20
	REFSENS + 6dB
	Wide Area: -43
Medium Range: -38
Local Area: -35
	7.5+[offset]
	5MHz NR signal

	[25, 40, 50, 60, 80,100]
	REFSENS + 6dB
	Wide Area: -43
Medium Range: -38
Local Area: -35
	30+[offset]
	20MHz NR signal



Table 7.4.2-2: Base Station narrowband blocking requirement in FR1
	NR channel bandwidth of the lowest/highest carrier received [MHz]
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]

	5, 10, 15, 20 (NOTE 1)
	PREFSENS + 6dB
	Wide Area: -49
Medium Range: -44
Local Area: -41

	25, 30, 40, 50, 60, 70, 80, 90,100 (NOTE 1)
	PREFSENS + 6dB
	Wide Area: -49
Medium Range: -44
Local Area: -41

	NOTE 1: The SCS for the lowest/highest carrier received is the lowest SCS supported by the BS for that bandwidth



Table 7.4.2-3: Base Station narrowband blocking requirement frequency offsets in FR1
	NR channel bandwidth of the lowest/highest carrier received [MHz]
	Interfering signal centre frequency offset to the band edge of the wanted carrier [kHz]
	Type of interfering signal

	5
	[342,5]+m*180,
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5MHz NR signal, 1 RB
SCS: 15kHz

	10
	[347.5]+m*180,
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5MHz NR signal, 1 RB
SCS: 15kHz

	15
	[352.5]+m*180,
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5MHz NR signal, 1 RB
SCS: 15kHz

	20
	[342.5]+m*180,
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5MHz NR signal, 1 RB
SCS: 15kHz

	25
	[557.5]+m*180,
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	20MHz NR signal, 1 RB
SCS: 15kHz

	30
	[562.5]+m*180,
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	20MHz NR signal, 1 RB
SCS: 15kHz

	40
	[557.5]+m*180,
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	20MHz NR signal, 1 RB
SCS: 15kHz

	50
	[552.5]+m*180,
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	20MHz NR signal, 1 RB
SCS: 15kHz

	60
	[562.5]+m*180,
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	20MHz NR signal, 1 RB
SCS: 15kHz

	70
	[557.5]+m*180,
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	20MHz NR signal, 1 RB
SCS: 15kHz

	80
	[552.5]+m*180,
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	20MHz NR signal, 1 RB
SCS: 15kHz

	90
	[562.5]+m*180,
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	20MHz NR signal, 1 RB
SCS: 15kHz

	100
	[557.5]+m*180,
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	20MHz NR signal, 1 RB
SCS: 15kHz




{Unchanged sections omitted}

[bookmark: _Toc482961367][bookmark: _Toc501545393]7.7	Receiver intermodulation
The following have been agreed for conducted receiver intermodulation requirements in FR1:
-	To specify the below 6GHz NR BS receiver intermodulation conducted requirements for each NR BS class with an interfering signal power equal to that for the corresponding E-UTRA BS class, and the wanted signal level calculated as the BS reference sensitivity plus 6 dB.
-	The SNR for the BS reference sensitivity can be obtained at 95% relative throughput from link level simulations.
-	The bandwidth of the modulated interfering signal should be defined as the same as that of the interfering signal for the ACS requirement, with SCS is the same as that of the wanted signal to ensure that any peaks of the IM product align with the SCS of the wanted signal.
-	The offsets between the CW and modulated interfering signal centre frequency and the nominal band edge of the wanted carrier specified to ensure the intermodulation products fall (almost) on the edge resource blocks of an operating channel bandwidth and avoid orthogonality between sub-carriers of wanted and interfering signal.
-	Requirements are set for all possible SCS of the wanted signal, but only the lowest SCS supported by the BS needs to be tested.
The waveform for the modulated interferer for RX IM may be CP-OFDM or DFT-S-OFDM. The differing PAPR for these two types of waveform impact both the core requirement on the BS and the complexity of generating a clean test signal in test equipment. The interferer signal waveform was agreed to be [DFT-S-OFDM/CP-OFDM].
Based on above agreements, the receiver intermodulation requirement is specified in Tables 7.7-1 to 7.7-3.
Table 7.7-1: Intermodulation performance requirement in FR1
	BS type
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]
	Type of interfering signal

	Wide Area BS
	PREFSENS + 6dB*
	-52
	See Table 7.7-2

	Medium Range BS
	PREFSENS + 6dB**
	-47
	

	Local Area BS
	PREFSENS + 6dB***
	-44
	

	Note*: 	PREFSENS depends on the channel bandwidth as specified in Table 7.2-1.
Note**: 	PREFSENS depends on the channel bandwidth as specified in Table 7.2-2.
Note*** 	PREFSENS depends on the channel bandwidth as specified in Table 7.2-3.



Table 7.7-2: Interfering signal for intermodulation performance requirement in FR1
	E-UTRA
channel bandwidth of the lowest/highest carrier received [MHz]
	Interfering signal centre frequency offset from the lower/upper Base Station RF Bandwidth edge [MHz]
	Type of interfering signal

	5
	[±7.5]
	CW

	
	[±17.5]
	5MHz NR signal

	10
	[±7.45]
	CW

	
	[±17.5]
	5MHz NR signal

	15
	[±7.43]
	CW

	
	[±17.5]
	5MHz NR signal

	20
	[±7.38]
	CW

	
	[±17.5]
	5MHz NR signal

	25
	[±7.45]
	CW

	
	[±25]
	20MHz NR signal

	40
	[±7]
	CW

	
	[±25]
	20MHz NR signal

	50
	[±7.35]
	CW

	
	[±25]
	20MHz NR signal

	60
	[±7.49]
	CW

	
	[±25]
	20MHz NR signal

	80
	[±7.44]
	CW

	
	[±25]
	20MHz NR signal

	100
	[±7.45]
	CW

	
	[±25]
	20MHz NR signal



Table 7.7-3: Narrowband intermodulation performance requirement in FR1
	BS type
	Wanted signal mean power [dBm]
	Interfering signal mean power [dBm]
	Type of interfering signal

	Wide Area BS
	PREFSENS + 6dB*
	-52
	See Table 7.7-4

	Medium Range BS
	PREFSENS + 6dB**
	-47
	

	Local Area BS
	PREFSENS + 6dB***
	-44
	

	Note*: 	PREFSENS depends on the channel bandwidth as specified in Table 7.2-1.
Note**: 	PREFSENS depends on the channel bandwidth as specified in Table 7.2-2.
Note*** 	PREFSENS depends on the channel bandwidth as specified in Table 7.2-3.
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