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Introduction
During previous RAN4 meetings, a basic framework for the in-band blocking requirements for FR1 has been agreed:

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]
	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: -49
Medium Range: -44
Local Area: -41
	±(350+[offset]+m*180),
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5MHz NR signal, 1 RB

	[25, 40, 50, 60, 80,100]
	REFSENS + 6dB
	Wide Area: -49
Medium Range: -44
Local Area: -41
	±(1400+[offset]+m*180),
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	20MHz NR signal, 1 RB





What is not as yet captured in the TR is whether the interfering signal subcarrier spacing should be the same as the wanted signal subcarrier spacing or a fixed value, and also what the value of the “offset” should be. This paper reviews both issues.
[bookmark: _Ref178064866]Discussion
Observations on E-UTRA requirements
Before considering the subcarrier spacing and offset impact, it is worth to review the E-UTRA specification. The E-UTRA narrowband blocking interferer frequency offset is captured in 36.104 as follows:

	E-UTRA channel
BW of the lowest/highest carrier received [MHz]
	Interfering RB centre frequency offset to  the lower/upper Base Station RF Bandwdith edge or sub-block edge inside a sub-block gap [kHz]
	Type of interfering signal

	1.4
	±(252.5+m*180),
m=0, 1, 2, 3, 4, 5
	1.4 MHz E-UTRA signal, 1 RB*

	3
	±(247.5+m*180),
m=0, 1, 2, 3, 4, 7, 10, 13
	3 MHz E-UTRA signal, 1 RB*

	5
	±(342.5+m*180),
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5 MHz E-UTRA signal, 1 RB*

	10
	±(347.5+m*180),
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5 MHz E-UTRA signal, 1 RB*

	15
	±(352.5+m*180),
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5 MHz E-UTRA signal, 1 RB*

	20
	±(342.5+m*180),
m=0, 1, 2, 3, 4, 9, 14, 19, 24
	5 MHz E-UTRA signal, 1 RB*




It is important to note that for the 5-20MHz bandwidths, even though the same interferer bandwidth is applied, the offset of the RB from the bandwidth edge differ slightly. The reason is that depending on the wanted signal bandwidth, the subcarrier positions of the wanted signal differ slightly. The blocking signal offset is designed so that there is 7.5khz misalignment between the blocker subcarriers and the wanted signal subcarriers.
Observation 1: For narrowband blocking, E-UTRA is designed to ensure 7.5khz (i.e. ½ SCS) offset between the blocker subcarriers and the wanted signal subcarriers.

The general blocking requirement for E-UTRA assumes a fixed frequency offset:

	E-UTRA
channel BW of the lowest/highest carrier received [MHz]
	Interfering signal centre frequency minimum offset to  the lower/upper Base Station RF Bandwidth edge or sub-block edge inside a sub-block gap [MHz]
	Type of interfering signal

	1.4
	±2.1
	1.4 MHz E-UTRA signal

	3
	±4.5
	3 MHz E-UTRA signal

	5
	±7.5
	5 MHz E-UTRA signal

	10
	±7.5
	5 MHz E-UTRA signal

	15
	±7.5
	5 MHz E-UTRA signal

	20
	±7.5
	5 MHz E-UTRA signal (Note 1)

	20
	±30
	20 MHz E-UTRA signal (Note 2)

	Note 1:	This type of interfering signal is not applied for Band 46.
Note 2:	This type of interfering signal is only applied for Band 46.




With this fixed frequency offset, the amount of misalignment between the subcarriers of the wanted and blocking signal depends on the wanted signal bandwidth. For example, with a 5MHz wanted signal bandwidth, there will be a 10khz offset between subcarriers. For a 10MHz wanted signal, the subcarriers of the wanted signal and the interfering signal align. Thus, misalignment between the subcarriers of the wanted and blocking signal has not been ensured for the general blocking for E-UTRA. This is of somewhat less concern than narrowband blocking, but could in theory be improved.
Observation 2: For general blocking, ½ SCS misalignment between wanted and blocking signals is not ensured.

For NR, a further complication arises. If the wanted signal and the interfering signal have different SCS, then not all subcarriers of the wanted signal and interfering signal will be aligned or non-aligned. The impact of the interfering signal is potentially maximized if the same SCS is used for both the wanted signal and the interfering signal and a misalignment of ½ SCS is achieved. However other considerations apply, which are described below.

NR general blocking
The NR general blocking requirement has been agreed to be based on 5 or 20MHz interfering signal offset 7.5MHz or 30Mhz from the RF bandwidth edge. An additional offset is included in the draft specification text and TR, which could be set to allow for subcarrier de-alignment.
The general blocking begins from the second adjacent channel. The ACS & narrowband blocking will capture the selectivity performance of the receiver. The general blocking requirement mainly captures the ability of the receiver to process a signal with a wide dynamic range (between blocker and wanted signal) and high power level. With this in mind, misalignment of subcarriers is not so important to consider for the general blocking requirement. 

Proposal 1: For general blocking, the “offset” can be set to zero

Since the bandwidth of the blocker is fixed, the power and power spectral density of the blocker will not depend much on the SCS. Thus, the impact of the blocker on the analogue RF will be the same regardless of the SCS. Requiring the SCS to be the same as the wanted signal would create a problem for the 60k SCS, as a 5MHz interfering signal cannot be created. With these arguments in mind, it is reasonable to use 15khz as the interfering signal SCS regardless of the wanted signal level.

Proposal 2: For general blocking, set the interfering signal SCS to 15khz

NR narrowband blocking
If the SCS of the wanted signal is set to 15khz for the narrowband blocker, then for a wanted signal of 30khz only half of the subcarriers will misalign with the blocker, and for the 60khz only ¼ of the subcarriers. At first glance, this appears to reduce the impact of the interferer for higher SCS for the wanted signal, since with the right choice of sampling rates etc. the blocker impact could be mitigated for ½ or ¼ of the subcarriers.
If, however the blocker would use the same SCS as the wanted signal, then for the 30khz and 60khz SCS, the blocker would extend a further 180 or 540khz in frequency. The tones of the blocker furthest away from the carrier would be significantly attenuated by the channel filter.
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Thus, using a wider SCS for the blocker would not create a more stringent requirement; subcarriers would misalign but many subcarriers would be attenuated.
Furthermore, with a wider subcarrier spacing, the spectrum utilization for the interferer would reduce, moving the PRB further from the wanted carrier and weakening the requirement.
For simplicity, therefore the 15k SCS can be applied for the blocker regardless of the wanted signal SCS.

Proposal 3: For narrowband blocking, set the interfering signal SCS to 15khz.

For the narrowband blocker, it is important to ensure that the subcarriers are misaligned. Unfortunately, the offset needed to ensure misalignment will depend on the wanted signal bandwidth. Fortunately, if misalignment with a 15khz SCS interferer is ensured for the 15khz SCS for a given wanted signal bandwidth, then the misalignment will also be correct for other SCS for the wanted signal. Thus, the offset does not need to be calculated separately for each wanted signal SCS possibility.

The offset should be calculated as follows:



Where  is the channel bandwidth of the wanted signal.

Proposal 4: Set the offset for the narrowband blocker according to:



Wanted signal Subcarrier spacing
The document thus far has assumed that the requirement will be described for each possible wanted signal SCS. Since the test is an RF test, there is no need to test each possible wanted signal SCS. To mitigate test time, it is proposed to test using the lowest declared supported SCS only.

Proposal 5: Testing is carrier out with the lowest supported wanted signal SCS only.


Conclusion

Proposal 1: For general blocking, the “offset” can be set to zero
Proposal 2: For general blocking, set the interfering signal SCS to 15khz
Proposal 3: For narrowband blocking, set the interfering signal SCS to 15khz.
Proposal 4: Set the offset for the narrowband blocker according to:

Proposal 5: Testing is carrier out with the lowest supported wanted signal SCS only.
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