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<Start of change>
[bookmark: _Toc13050462]7.4	In-band selectivity and blocking
[bookmark: _Toc13050463][bookmark: _Hlk494215539]7.4.1	Adjacent Channel Selectivity (ACS)
The following have been agreed for conducted ACS requirement in FR1:
-	For BS channel bandwidths of 5 MHz, adopt the E-UTRA BS (46dB) ACS to all NR BS classes.
-	For BS channel bandwidths more than 5 MHz, apply the same interferer power as for BS channel bandwidths equal to 5 MHz.
-	The allowed REFSENS degradation is 6 dB.
-	Additional frequency offset similar to E-UTRA should be considered to avoid orthogonality between sub-carriers of wanted and interfering signal.
-	ACS interfering signal should not extend to frequency range of OOB blocking.
[bookmark: _Hlk506213529]-	For BS channel bandwidths less than or equal to 20 MHz, to specify 5 MHz as the interfering signal channel bandwidth for ACS requirements.
-	For BS channel bandwidths wider than 20 MHz, to specify 20 MHz as the interfering signal channel bandwidth.
The wanted signal and interfering signal power level are calculated in the following way in FR1:
	Wanted signal power level = REFSENS + 6 dB
	Interfering signal power level = BS noise floor + ACS + 4.7dB = ‑174 dBm/Hz+10*log10(BW) + NF + ACS + 4.7 dB
Where:
-	BW is wanted signal bandwidth in Hz, e.g. 25PRB for 5 MHz SCS:15 kHz;
-	NF is noise figure which is agreed as 5 dB for WA, 10 dB for MR, 13 dB for LA BS;
-	ACS for 5 MHz BS channel bandwidth is agreed as 46 dBc;
-	4.7 dB is calculated from 10log10(10^(6/10)-1).
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 sub-carrier spacing offset from the sub-carrier grid of the wanted signal. Furthermore, the sub-carrier spacing of the interferer and the wanted signal could be set the same, such that the offset is achieved for all sub-carriers of the interferer and wanted signal. However, since only the first few sub-carriers tend to impact ACS performance it is preferable to apply 15 kHz sub-carrier spacing for the interferer regardless of the wanted signal sub-carrier spacing, since the 15 kHz 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 sub-carrier spacings.
The required increment in frequency offset can be calculated by applying the following equation: 


where



   


and   is the nominal frequency offset (which is equal to half of the sum of the channel bandwidth of the wanted signal and the channel bandwidth of the interfering signal) and  is the calculated offset increment. Moreover, the frequency offset between the wider than 20 MHz wanted signal and the 20 MHz interfering signal is further reduced by 540 kHz (3 RBs) considering the DFT-s-OFDM interfering signal type.
The wanted signal subcarrier spacing should be the lowest subcarrier spacing supported by the BS for the BS 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 Table 7.4.1.2-1 and Table 7.4.1.2-2 of 3GPP TS 38.104 [3].
[bookmark: _Toc13050464]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 BS 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 sub-carrier 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 sub-carriers of the interferer and wanted signal. However, since only the first few sub-carriers tend to impact blocking performance it is preferable to apply 15 khHz sub-carrier spacing for the interferer regardless of the wanted signal SCSsub-carrier spacing, since the 15 khHz 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 SCSsub-carrier spacings. The required increment in frequency offset can be calculated using same method as the ACS requirement. Moreover, the frequency offset between the wanted signal and the interfering signal is further increased by 7.5 kHz (½ sub-carrier) considering the centre of the interfering RB refers to the frequency location between the two central sub-carriers.
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 BS 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.
Based on above agreements, the general blocking requirements is specified in Table 7.4.2.2-1 of 3GPP TS 38.104 [3] and and the narrowband blocking requirement in Table 7.4.2.2-2 and Table 7.4.2.2-3 of 3GPP TS 38.104 [3].
<Next change>
[bookmark: _Toc13050551]10.5	OTA In-band selectivity and blocking
[bookmark: _Toc13050552]10.5.1	General
The narrowband blocking specified for E-UTRA is based on single PRB interferer capturing the co-existence in bands with narrow band systems such as GSM. As FR2 bands would be dedicated to NR and minimum bandwidth is 50 MHz and even adjacent bands e.g. in 23.6-24 GHz has BS channel bandwidth of 100 MHz and 200 MHz, there is no need for narrowband blocking requirements for FR2 and thus a narrowband blocking requirement should not be specified.
[bookmark: _Toc13050553]10.5.2	Adjacent channel Selectivity (ACS)
Conformance of the OTA ACS requirements can be shown in the reference direction.
The following have been agreed for radiatedOTA ACS requirement in FR2:
-	For BS channel bandwidths of 50 MHz, the ACS requirement is agreed as 24 dB in 24.25 – 33.4 GHz BS and 23 dB in 37 – 52.6 GHz BS.
-	For BS channel bandwidths more than 50 MHz, apply the same interferer power as for BS channel bandwidths equal to 50 MHz.
-	The allowed REFSEN degradation is 6 dB.
-	Additional frequency offset similar to E-UTRA should be considered to avoid orthogonality between sub-carriers of wanted and interfering signal.
-	For all BS channel bandwidths within the same frequency range (24.25 – 33.4 GHz or 37 – 52.6 GHz), to specify a 50 MHz DFT-s-OFDM NR signal (60 kHz SCS, 64 RB) for ACS requirements.
The wanted signal and interfering signal power level are calculated in the following way in FR2:
Wanted signal power level = REFSEN + 6 dB
Interfering signal power level = BS noise floor + ACS + 4.7 dB = ‑174 dBm/Hz + 10*log10(BW) + NF - G + ACS + 4.7 dB
Where:
-	BW is wanted signal bandwidth in Hz, e.g. 66PRB for 50 MHz SCS: 60 kHz;
-	NF is noise figure which is agreed as 10 dB within 24.25 – 33.4 GHz, 12 dB within 37 – 52.6 GHz;
-	G is dependent on the mmWave receiver antenna gain and other factors for OTA REFSENS requirement;
-	ACS for 50 MHz BS channel bandwidth is agreed as 24 dB within 24.25 – 33.4 GHz, 23 dB within 37 – 52.6 GHz;
-	4.7 dB is calculated from 10log10(10^(6/10)-1).
[bookmark: _Toc13050554]10.5.3	In-band Blocking
[bookmark: _Toc13050555]10.5.3.1	General
OTA blocking interference levels are based on statistical analysis of likely power levels in simulated networks. The interferer power levels are based on a statistical analysis and as such do not represent a worst case and cannot be attributed to a specific direction.
The OTA RF requirement places the interfere and the wanted signal in the same direction for simplicity, however this is not intended to represent a real scenario, where such an event is very low probability as interferers are large and tend to be lose to the antenna and wanted signals at sensitivity are small and tend to be far from the antenna. The RF requirement ensures however that if the hardware can demodulate the specified wanted signal in the presence of the specified interferer level (from the same direction), then it will provides sufficient performance to maintain the same probability probability-based blocking protection shown in the simulations, and expected in actual real world scenarios.
[bookmark: _Toc13050556]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.
10.5.3.2	FR1
In-band blocking for BS type 1-O uses the same approach as that used for E-UTRA AAS as described in 3GPP TR 37.843. Wanted signal and interferer levels are adjusted to be in line with NR channel BW and FRC’s.
Both the in-band interferer and the wanted signal have requirements at 2 power levels associated with OTA REFSENS and minSENS.
[bookmark: _Toc13050557]10.5.3.3	FR2
BS type 2-O has a number of differences when considering the OTA blocking levels.
-	There are no conducted requirements, so simulation of conducted interferer power levels do not give a final OTA power level.
-	Beam forming is necessary in order to overcome the path loss.
-	A wide range of implementations with varying antenna maximum beam forming gain are envisaged.
-	Different beam forming architectures result in different statistical spread of interferer power at the active Rx input (i.e the LNA).
Traditionally the in-band blocking level has been analysis on a statistical basis based on the 99.99% probability of an interferer being possible. This has been used since UTRA where WCDMA modulation was susceptible to blocking and the entire system would be blocked if such an event occurred. The NR OFDMA scheme doe not suffer so greatly due to a blocking event hence such a high probability is not required, probabilities between 99% and 99.9% have also been considered.
In the past the wanted signal has not been considered when studying the interferer level, however with an OTA requirement and a beam forming system when considering a statistical worst case, it is important to consider both the wanted and the interfering signal. This is due to the fact that blocking arises when a low power wanted signal and a high-power blocking signal occur simultaneously (the likelihood of this occurring depends on instantaneous power control, scheduling and beam directions) Hence the difference between the wanted signal and the interferer is also important.
Initially the probability of the interferer alone was simulated looking at the same scenarios identified in the co-existence simulation in 3GPP TR 38.803 [24].
The probability of the blocking signal level and also the probability of simultaneous low wanted signal and high blocking signal were both considered. Simulations of both of these aspects suggested that the blocking signal is typically 33dB above the reference sensitivity level. This result was consistent when considering different architectures.
It was agreed that the specification for the interferer power level will be 33dB higher than the OTA REFSENS power level.
As for FR2 there is only a single sensitivity requirement, a 6dB offset from OTA reference sensitivity is used for the wanted signal and a 33dB offset from reference sensitivity is used for the interferer.
<End of change>
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