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Background and discussion
Many BS core requirements in TR 38.817-02 are described fully with all parameters and limits, using text and tables that is identical to what can be found in TS 38.104. At RAN4#86bis in Melbourne, it was agreed to clean-up and remove such core requirement tables [2], in order to avoid repetition and possible misalignment that could cause confusion.
The following changes are therefore proposed, as outlined in the attached text proposal

· Core requirement tables that are repeated from TS 38.104 are replaced with a reference to the corresponding tables in TS 38.104.
· For requirements that are presented as being “proposed”, the text is changed to instead reflect what is agreed.
Proposal

It is proposed that the attached text proposal is included in TR 38.817-02.
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TEXT PROPOSAL:

6.3.2
RE Power control dynamic range

In LTE, the eNB RE power control dynamic range is defined as the difference between the power of an RE and the average RE power for a BS at maximum output power for a specified reference condition. RE power up and down range for each modulation scheme was derived by considering the relation between RE power boosting/de-boosting and other RF requirements like UEM, ACLR and EVM. 

- 
Power boosting on some REs within the BS channel bandwidth may cause unequal PSD for the wanted signal. Then the unequal PSD will increase the unwanted emission level in the adjacent channel compared to the case for equal PSD. Power up limit should ensure that the UEM and ACLR requirements are not violated.
- 
RE power down requirement is limited by the EVM requirement as power de-boosting on some EPREs will lead to reduced Tx SNR which effectively requires a lower EVM requirement. To tighten the EVM requirement due to power control is not preferred from system and implementation perspective.

For 5G NR, the same CP-OFDM waveform as LTE is used for downlink. Although multiple numerologies are supported by the gNB, the LTE definition of RE power dynamic range is generic and the applicability can be easily expanded to all the numerologies for NR. 

The NR BS RE Power control dynamic range is in Table 6.3.2.2-1 of [3].

	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	


6.3.3
Total power dynamic range

The total power dynamic range is the difference between the maximum and the minimum transmit power of an OFDM symbol for a specified reference condition. The upper limit of the dynamic range is the OFDM symbol power for a BS at maximum output power. The lower limit of the dynamic range is the OFDM symbol power for a BS when one resource block is transmitted. 
For NR, the same definitions can be used for total power dynamic range requirement by using NR-PDSCH as the concerning channel. The upper limit of the dynamic range is the OFDM symbol power for a BS at maximum output power. The lower limit of the dynamic range is the average OFDM symbol power for a BS when one resource block is transmitted. 

The minimum requirement is expressed as the corresponding total power dynamic range for each BS channel bandwidth of difference SCS as shown in Table 6.3.3.2-1 of [3]. 

	
	


	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


6.4
Transmit ON/OFF power

6.4.1
Transmitter OFF power

Transmitter OFF power is defined as the mean power measured over 70/N us filtered with a square filter of bandwidth equal to the transmission bandwidth configuration of the BS (BWConfig) centred on the assigned channel frequency during the transmitter OFF period. N = SCS/15, where SCS is Sub Carrier Spacing in kHz.

The requirements for transmitter OFF power spectral density is agreed to be less than [-85 dBm/MHz, as currently specified in E-UTRA].

Following the same principle applied to E-UTRA multi-band operation, it is agreed that for NR BS capable of multi-band operation, the requirement to be only applicable during the transmitter OFF period in all supported operating bands.

6.4.2
Transmitter transient period

The transmitter transient period is the time period during which the transmitter is changing from the OFF period to the ON period or vice versa. The transmitter transient period is illustrated in Figure 6.4.2-1 as adopted from the E-UTRA requirement on transmitter transient period as specified in TS 36.104.
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Figure 6.4.2-1: Illustration of the relations of transmitter ON period, transmitter OFF period and transmitter transient period.

In E-UTRA BS, the transmitter transient period for both OFF to ON and ON to OFF are specified to be shorter than 17us.
For NR, since larger sub-carrier spacing are introduced, such as 30kHz, 60kHz and 120kHz, the length of symbol is reduced significantly. It means if the same transient period is kept and the same number of symbol is configured for gap period (GP), the cell coverage will be reduced and BS to BS distance without interference will also be reduced. This may bring the risk of introducing BS to BS interference in the network. Balance needs to be considered between transient period requirements and BS to BS interference in the network. So, NR BS transient periods need to be optimized. 

Based on the aforementioned argument, it is agreed to adopt shorter transient periods for NR BS than the values specified for E-UTRA BS by considering the capabilities of current hardware. A value of 10us has been agreed for the transmitter transient periods for FR1.

	
	

	
	

	
	


The transmitter transient period for non-AAS NR BS is agreed to be shorter than the values listed in the minimum requirement Table 6.4.2.2-1 in [3] for FR1.
The transmitter transient period for AAS NR BS is agreed to be shorter than the values listed in the minimum requirement Table 6.4.2.2-1 in [3] for FR1.

*********************End of change*****************
*********************Next changed section*****************
6.6.3
Adjacent Channel Leakage Power Ratio (ACLR) 

The following have been agreed for conducted ACLR requirement in FR1:
-
Adopt the E-UTRA BS (45dB) ACLR1 and ACLR2 to all NR BS classes. 

-
Adopt each E-UTRA BS absolute limit to the corresponding NR BS class, whichever is less stringent compared to the ACLR.

-
The same channel bandwidth with wanted signal can be assumed as the adjacent channel bandwidth.
-
Transmission bandwidth configuration of wanted channel (it would differ depend on subcarrier spacing and/or BS channel bandwidth) should be used as a measurement bandwidth for wanted signal power measurement.
-
Maximum transmission bandwidth configuration of the BS channel bandwidth (between subcarrier spacing) specified in Release 15 should be used as a measurement bandwidth for adjacent channel power measurement, i.e. the measurement bandwidth should also apply to future releases regardless of whether new SU is introduced or not.
-
For bands defined also for E-UTRA or UTRA:


-
Specify BS 45 dB ACLR conducted requirement for 5MHz adjacent channel bandwidth.


-
The same measurement bandwidth is used for adjacent channel power measurement with existing E-UTRA specification.


-
Not to specify against other E-UTRA channel bandwidth than 5MHz.

-
No need to specify ACLR against UTRA in core specification since it is already covered by ACLR against E-UTRA case.

Based on above agreements, the ACLR requirement is specified in Table 6.6.3.2-1of [3].

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	




The following have been agreed for conducted CACLR requirement in FR1:

-
Adopt the E-UTRA BS relative (45dBc) and absolute (for each BS class) CACLR limits for NR BS. 

-
Only specify CACLR against NR in core specification.

-
Apply the 5 MHz adjacent channel carrier to NR channel bandwidth ≤20 MHz and the 20 MHz adjacent channel carrier to NR channel bandwidth >20 MHz.

-
Apply different gap sizes for different combinations of NR channel bandwidth (≤20 or >20 MHz) at the edges of the gap, as shown in figures 6.6.3-1 to 6.6.3-8.
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Figure 6.6.3-1: CACLR1 scenario for 20MHz BS channel bandwidth (min frequency separation)
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Figure 6.6.3-2: CACLR1 scenario for 20MHz BS channel bandwidth (max frequency separation)
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Figure 6.6.3-3: CACLR2 scenario for 20MHz BS channel bandwidth (min frequency separation)
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Figure 6.6.3-4: CACLR2 scenario for 20MHz BS channel bandwidth (max frequency separation)
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Figure 6.6.3-5: CACLR1 scenario for 25MHz BS channel bandwidth (min frequency separation)
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Figure 6.6.3-6: CACLR1 scenario for 25MHz BS channel bandwidth (max frequency separation)
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Figure 6.6.3-7: CACLR2 scenario for 25MHz BS channel bandwidth (min frequency separation)
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Figure 6.6.3-8: CACLR2 scenario for 25MHz BS channel bandwidth (max frequency separation)

Based on above agreements, the CACLR requirement is specified in Table 6.6.3.2-3 of [3].

	
	
	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	


	
	
	
	

	
	

	
	
	
	

	





Based on above agreements, the ACLR requirement in non-contiguous spectrum or multiple bands is specified in Table 6.6.3.2-2a of [3].

	
	
	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	
	

	
	
	
	

	





*********************End of change*****************
*********************Next changed section*****************
6.6.5
Transmitter spurious emissions

6.6.5.1
General

NR BS Tx spurious emission conducted requirement for FR1 should comply with the following:

-
For conducted requirements (at antenna connector/ at the transceiver array boundary) use same limits as TS 37.104 [19]/TS 37.105 [7] i.e. 9kHz lower limit, 5th harmonic upper limit

-
The corresponding reference bandwidths for the specified spurious emission domain level measurement are:

–
1kHz between 9 kHz and 150 kHz 

–
10kHz between 150 kHz and 30 MHz

-
100 kHz between 30 MHz and 1 GHz

-
1 MHz for above 1 GHz

6.6.5.2
Basic limits
Table with basic limits for NR BS in FR1.
Category A or Category B basic limits are defined for the conducted Tx spurious emissions requirements for NR BS in Range 1, as outlined in Table 6.6.5.2.1-1 and Table 6.6.5.2.1-2 of [3], respectively. 


	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	





	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	

	
	

	
	
	
	

	




*********************End of change*****************
*********************Next changed section*****************
7.4
In-band selectivity and blocking

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 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 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 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 [3].

	
	
	

	
	
	



	
	
	



	



	
	
	

	
	
	


	
	
	


	
	
	


	
	
	


	
	
	


	
	
	


	
	
	


	
	
	


	
	
	


	
	
	


	
	
	


	
	
	


	
	
	



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 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 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 [3] and and the narrowband blocking requirement in Table 7.4.2.2-2 and Table 7.4.2.2-3 of [3].

	
	
	
	
	

	
	
	


	
	

	
	
	


	
	



	
	
	

	
	
	



	
	
	



	



	
	
	

	
	

	


	
	

	


	
	

	


	
	

	


	
	

	


	
	

	


	
	

	


	
	

	


	
	

	


	
	

	


	
	

	


	
	

	


	
	

	



7.5
Out-of-band blocking


7.5.1
General

The out-of-band blocking characteristics is a measure of the receiver ability to receive a wanted signal at its assigned channel in the presence of an unwanted interferer out of the operating band, which is a CW signal for out-of-band blocking. 

7.5.2
Basic limit
The conducted out-of-band blocking requirements are reused from E-UTRA and MSR BS.

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel, with a wanted and an interfering signal coupled to BS antenna input using the parameters in Table 7.5.2-1. Of [3] 
[For a BS capable of multi-band operation, the requirement in the out-of-band blocking frequency ranges apply for each operating band, with the exception that the in-band blocking frequency ranges of all supported operating bands shall be excluded from the out-of-band blocking requirement.]

	
	
	

	
	
	


*********************End of change*****************
*********************Next changed section*****************
7.6.2
NR receiver spurious emissions limits (conducted)
The general spurious emission limits should exclude the frequency range in the transmitter out-of-band domain, i.e. out to the outermost carrier centres plus 250% of the necessary bandwidth. In order to align with the Transmitter spurious emissions requirements in Clause 6.6.5, frequencies that are more than ΔfUEM below or above the transmitter operating band are however not excluded from the requirement, even if they are within 2.5 * BWChannel from the carrier. The total frequency range covered by the limits will thus be the same as for transmitter spurious emissions, plus the additional frequencies inside the operating band that are not covered y the 250% rule. The reason is that there is no other unwanted emission limit for the receiver that would cover those frequencies inside the operating band.
For a type 1-C BS the spurious emissions power is the power of emissions generated or amplified in a receiver that appear at the BS receiver antenna connector. The limits apply to all BS type 1-C with separate RX and TX antenna ports. The test shall be performed when both TX and RX are on, with the TX port terminated.

For all BS type 1-C with common RX and TX antenna port the transmitter spurious emission limits as specified in clause 6.6.5 is valid.

The resulting spurious emissions limits are shown in Table 7.6.2-1 of [3]:

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	


In addition to the requirements in Table 7.6.2-1, additional limits for protection of FDD BS receivers, and for co-existence with other systems, plus the Co-existence limits that may apply for co-located base stations, should be incorporated by reference.

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 BS 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.
Based on above agreements, the receiver intermodulation requirement is specified in Table 7.7.2-1 and Table 7.7.2-2 of [3] for general intermodulation and Table 7.7.2-3 and Table 7.7.2-4 of [3] for narrowband intermodulation.

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	





	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	




7.8
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 another in-channel wanted signal received at a much larger power spectral density.

Similar as did in E-UTRA BS, UL signal is defined for just 2 users, one being the “wanted” signal and the other one being the “interfering” signal at elevated power. The wanted/interfering RB allocations are as shown in Tables 7.8-1 and 7.8-2.
Table 7.8-1: BS in-channel selectivity for FR1 NR BS
	NR BS channel bandwidth [MHz]
	subcarrier spacing[KHz]
	Reference measurement channel
	Wanted signal

PRB
	Interfering signal PRB

	5
	15
	G-FR1-A1-7
	15PRB
	10PRB

	10,15,20,25
	15
	G-FR1-A1-1
	25PRB
	25PRB

	40,50
	15
	G-FR1-A1-4
	106PRB
	106PRB

	5
	30
	G-FR1-A1-8
	6PRB
	5PRB

	10,15,20,25
	30
	G-FR1-A1-2
	11PRB
	11PRB

	40,50,60,80,100
	30
	G-FR1-A1-5
	51PRB
	51PRB

	10,15,20,25
	60
	G-FR1-A1-9
	6PRB
	5PRB

	40,50,60,80,100
	60
	G-FR1-A1-6
	24PRB
	24PRB


Table 7.8-2: FRC table for REFSENS and ICS requirement
	
	RB number 
	SCS (KHz)
	TBS (Bits)

	G-FR1-A1-1
	25
	15
	2152

	G-FR1-A1-2
	11
	30
	984

	G-FR1-A1-3
	11
	60
	984

	G-FR1-A1-4
	106
	15
	9224

	G-FR1-A1-5
	51
	30
	4352

	G-FR1-A1-6
	24
	60
	2088

	G-FR1-A1-7
	15
	15
	1320

	G-FR1-A1-8
	6
	30
	528

	G-FR1-A1-9
	6
	60
	528


Interfering signal power level=-174dBm/MHz+10*log10(BW)+NF+ICS;
Where: 

-
BW is interfering signal bandwidth, e.g. 10PRB for 5MHz SCS:15KHz;

-
NF is agreed as 5dB for WA, 10db for MR, 13dB for LA BS;

-
ICS is agreed as 25dBc [2]for all BS type which is the same as legacy E-UTRA ICS; 
Wanted signal power level for ICS requirement for BS type 1-C and 1-H could be calculated as following: 
Wanted signal power level=-174dBm/MHz+10*log10(BW)+NF+SNR+IM+3; 

Where: 

-
BW is wanted signal bandwidth, e.g. 15PRB for 5MHz SCS:15KHz;

-
NF is agreed as 5dB for WA, 10dB for MR, 13dB for LA BS;
-
SNR is dependent on the link level simulation results which are shown in the contribution [3];

-
IM is implementation margin which is assumed as 2dB;
-
3dB is reference sensitivity degradation which is reused from legacy E-UTRA requirement; 
Regarding the interferer level, the modulation scheme for interfering signal is assumed as 16QAM and modulation scheme for wanted signal is assumed as QPSK in the Table 7.8-2.
*********************End of change*****************
*********************Next changed section*****************
9.5.2
OTA Transmitter transient period

For OTA, the transmitter transient period is defined the sane as for the conducted case. That is, it is defined as the time period during which the transmitter is changing from the OFF period to the ON period or vice versa. The transmitter transient period is illustrated in Figure 9.5.2-1. The ON/OFF power levels are FFS
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Figure 9.5.2-1: Illustration of the relations of transmitter ON period, transmitter OFF period and transmitter transient period.

In E-UTRA BS, the transmitter transient period for both OFF to ON and ON to OFF are specified to be shorter than 17us.

For NR, since larger sub-carrier spacing are introduced, such as 30kHz, 60kHz and 120kHz, the length of symbol is reduced significantly. It means if the same transient period is kept and the same number of symbol is configured for gap period (GP), the cell coverage will be reduced and BS to BS distance without interference will also be reduced. This may bring the risk of introducing BS to BS interference in the network. Balance needs to be considered between transient period requirements and BS to BS interference in the network. So NR BS transient periods need to be optimized.
Based on the above argument, it is agreed to adopt shorter transient periods for NR BS than the values specified for E-UTRA BS by considering the capabilities of current hardware. A value of 10 µs is agreed for the transmitter transient periods for FR1 as indicated in Table 9.5.3.2-1 of [3].
For FR2, a value of 3µs has been agreed for the transmitter transient period as indicated in Table 9.5.3.3-1 of [3].

	
	

	
	

	
	


*********************End of change*****************
*********************Next changed section*****************
9.7.3
OTA Adjacent Channel Leakage Power Ratio (ACLR) 

9.7.3.1
General

OTA ACLR is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency. TRP is used a metric for the power measured on the assigned channel frequency and the adjacent channel frequency. 
9.7.3.2
AAS radiated ACLR requirement for FR1
The OTA ACLR limit requirement for 1-O applies per RIB interface during the transmitter ON period. The OTA ACLR limit requirement for 1-O is based on the basic limits without the emission scaling applied as defined in sub-clause 6.3.3. The OTA ACLR absolute limit requirement for 1-O is based on the basic limits defined in sub-clause 6.3.3, with the emissions scaling applied to the basic limit as described in sub-clause 5.9.  

9.7.3.3
AAS radiated ACLR requirement for FR2
For the frequency ranging from 24.24 GHz to 33.4 GHz, the OTA ACLR1 limit is 28 dB.

For the frequency ranging from 37 GHz to 52.6 GHz, the OTA ACLR1 limit is 26 dB.

The OTA ACLR2 limit is not specified since the emission level at the ACLR2 range will be close to noise floor.

The same BS channel bandwidth with the wanted signal can be assumed as the adjacent channel bandwidth.

The transmission bandwidth configuration of wanted channel (it would differ depending on SCS and/or BS channel bandwidth) should be used as a measurement bandwidth for the wanted signal power measurement.

Maximum transmission bandwidth configuration of the BS channel bandwidth (between subcarrier spacing) specified in Release 15 should be used as a measurement bandwidth for adjacent channel power measurement, i.e. the measurement bandwidth should also apply to future releases regardless of whether new SU is introduced or not.
The minimum radiated requirement for 2-O NR BS for FR2 is specified in Table 9.7.3.3-1 of [3].

	

	
	
	
	



	
	
	
	
	


	





It has also been agreed to define absolute ACLR limits for FR2, thus the following is agreed. In case the absolute ACLR requirement is not compatible with Japanese regulation, a regional requirement for Japan can be introduced. The absolute ACLR limits for FR2 are specified in Table 9.7.3.3-2 of [3].

	
	

	
	

	
	

	
	


It has also been agreed to apply the 50 MHz adjacent channel carrier to NR channel bandwidth <200 MHz and the 200 MHz adjacent channel carrier to NR channel bandwidth ≥200 MHz for OTA CACLR requirement in FR2. Accordingly, the CACLR requirement and the ACLR requirement in non-contiguous spectrum in FR2 are specified as shown in tables 9.7.3.3-3 to 9.7.3.3-5 of [3].

	
	
	
	
	
	

	
	

	
	
	
	


	
	

	
	
	
	


	








	
	
	
	
	
	

	
	

	
	
	
	


	
	

	
	
	
	


	







9.7.4
OTA Operating band unwanted emissions


9.7.4.1
General

9.7.4.2
AAS radiated OBUE requirement
9.7.4.2.1

Requirement in FR1

Minimum radiated requirement for 1-O NR BS in FR1 is defined based on basic limit with the emissions scaling applied. Refer to sub-clause 6.6.4.2 for basic limit definition. 
9.7.4.2.2

Requirement in FR2

The NR BS mmWave spectrum emission mask is defined taking into account following assumptions:

-
Boundary between OOB and spurious domain limits should be applied according ITU-R SM.1539 recommendation. 

-
Masks in the Out-of-band domain should be carrier frequency centric SEM

-
The NR emission mask (SEM) should use the emission limits submitted to WP5D as a baseline

-
Agreed ACLR values should be considered

-
Spurious emission limits should be taken into account (when agreed)

-
BS mmWave output power should be taken into account

-
Frequency range up to 52.6 GHz should be covered

-
The mask is linked with the total transmission bandwidth (the sum of BS channel bandwidths in case of multicarrier transmission).
The BS spectrum emission mask tables will need to cover the following variations:

-
Power levels

-
Frequency ranges

-
BS classes (see further discussion below)

For the LS response to WP5D LS on “Characteristics of terrestrial IMT systems for frequency sharing/interference analysis in the frequency range between 24.25 GHz and 86 GHz“ [10], there were spectrum masks developed that were based on similar principles as listed above. The masks in [10] used the FCC limits in 30.203 [11] as a baseline and that defined a mask with lower limits for BS Total transmitted power levels (PTx) below certain levels, aligned with the ACLR defined for different frequency ranges.
For LTE, there are different masks defined for different BS classes. The BS classes are fundamentally defined for different deployment scenarios (identified by Minimum Coupling Loss MCL), but also with different BS output powers. The spectrum masks for “smaller” BS (Medium Range and Local Area) have a dependence on the BS power level.

For NR, the spectrum masks for Medium Range and Local Area would also have dependence on power level. The dependence could similar between the different BS classes, making it possible to use the same spectrum mask definition for different BS classes. That would for example be the case if similar transceiver implementation was used for the different sized BS and with the implementation scaled with the BS power level in terms of the number of transmitting elements.

For this reason, a generic set of NR Spectrum Emission Masks is defined based on the same principles as for the WP5D LS response [10], applicable to all BS classes:

-
A fixed mask applicable to the highest BS power levels, shown in Table 9.7.4.2.2-1.

-
Variable masks scaled with power level and applicable to BS with power level below certain thresholds:

-
One mask for 24.24 – 33.4 GHz, based on ACLR = 28 dBc, shown in Table 9.7.4.2.2-2.

-
One mask for 37 – 52.6 GHz, based on ACLR = 26 dBc, shown in Table 9.7.4.2.2-3.

-
Masks are limited to an absolute lowest emission limit of -20 dBm as in the WP5D LS response [10]

The masks cover the frequency ranges within the present scope of the work item. It is specified in Table 9.7.4.3.2-1 to Table 9.7.4.3.2-3 of [3].

	
	
	

	
	
	

	
	
	

	
	



	
	
	

	
	
	

	
	
	

	
	



	
	
	

	
	
	

	
	
	

	
	


9.7.5
OTA Transmitter spurious emissions

9.7.5.1
General

The metric used to capture transmitter spurious emissions OTA is total radiated power (TRP).   
OTA Tx spurious emissions co-location requirements and regional requirements are FFS.
Measurement bandwidths as well as the spurious range frequency limits are defined according to SM.329 [4].

9.7.5.2
AAS radiated Tx spurious emissions requirement for FR1
The OTA Tx spurious emission requirement for 1-O type NR BS is defined at RIB interface for the spurious range from 30 MHz (as opposed to the 9 kHz limit for the conducted requirement) up to the 12.75 GHz, excluding the frequency range from ΔfUEM below the lowest frequency of each supported downlink operating band, up to ΔfUEM above the highest frequency of each supported downlink operating band, where the ΔfUEM is defined in sub-clause 6.6.4. For operating bands for which the 5th harmonics reaches beyond the 12.75 GHz, the upper limit of the spurious range is extended up to the 5th harmonic of the fundamental range, but not higher than 26 GHz.
Spurious emissions limits for 1-O are based on the basic limits defined for Cat. A and for Cat. B in Table 6.6.5-1 and Table 6.6.5-2, with the fixed emissions scaling applied based on the basic limit as described in sub-clause 5.9. 

Minimum radiated requirement for 1-O NR BS in FR1 is defined based on basic limit with the emissions scaling applied. Refer to sub-clause 6.6.5.2 for basic limit definition. 
Minimum radiated requirement for 2-O NR BS in FR2 is FFS.

9.7.5.3
AAS radiated Tx spurious emissions requirement for FR2
The Tx spurious emission requirement for BS type 2-O is defined at RIB for the spurious range from 30 MHz up to the 2nd harmonics of the upper frequency edge of the operating band.

Only Category A limits are defined for FR2 and are the same as limits defined for basic limits in subclause 6.6.5.2. The limits are specified in Table 9.7.5.3.2-1 of [3] 
For conformance testing of the Tx spurious emissions requirement for BS type 2-O, the upper frequency limit of the spurious range might be limited by to [60] GHz value, considering practical OTA measurement capabilities of the OTA test ranges in the spurious range. 

Editor’s note: The above limit value is subject to revisions based on further measurement results within Rel-15. 
For the TS 38.141-2 specification, the FR2 transmitter spurious emissions requirement to be captured according to the table 9.7.5.3-1 below. 

Table 9.7.5.3.1: FR2 transmitter spurious emissions conformance limits.
	Spurious frequency range
	Maximum level
	Measurement bandwidth
	Notes

	30MHz ‑ 1GHz
	-13 dBm
	100 kHz
	Note 1

	1 GHz – min(2nd harmonic of the upper frequency edge of the DL operating band in GHz; [60] GHz) 
	
	1 MHz
	Note 1, 2

	NOTE 1:
Bandwidth as in ITU-R SM.329 [4], s4.1
NOTE 2:
Upper frequency as in ITU-R SM.329 [2], s2.5 table 1


Editor’s note: The above requirement table to be removed from this TR once stable version of the TS 38.141-2 is reached.
9.8
OTA Transmitter intermodulation

9.8.1
General

The transmitter intermodulation requirement is a measure of the capability of the transmitter unit to inhibit the generation of signals in its non-linear elements caused by presence of the wanted signal and an interfering signal reaching the transmitter unit via the RDN and antenna array. 
The requirement applies during the transmitter ON period and the transmitter transient period. The interfering signal level is derived based on the co-location assumption that the co-located BS is of the same class and output power level as the BS under test.  The OTA TX IMD interferer level can hence be regarded as a co-location requirement.
Due to high isolation between co-located base stations at FR2 frequencies there is no relevance for a transmitter intermodulation requirement for base stations operating at FR2 bands specified by requirement set 2-O.

9.8.2
Core requirement

The minimum requirement for the transmitter intermodulation requirement is that the emissions output level shall not exceed the unwanted emission limits specified for operating band unwanted emission in sub-clause 9.7.4, transmitter spurious emission in sub-clause 9.7.5, and ACLR in sub-clause 9.7.3 in the presence of a wanted signal and an interfering signal specified in Table 9.8.2-1 of [3] in an OTA environment. 

	
	

	
	

	
	

	
	

	
	



When OTA ACLR, OTA OBUE and OTA spurious emission is defined, the relevance for having a separate intra-system requirement disappears. The intra-system case is covered by OTA unwanted emission requirement including the unwanted emission for the whole system, hence a separate intra-system IMD requirement is not needed when considering OTA.

*********************End of change*****************
*********************Next changed section*****************
10.4
OTA Dynamic range

10.4.1
Dynamic range requirements for Range 2 NR BS
In the table below, we summarize investigations from different companies related to mmWave receiver noise floor rise requirements.

Table 10.4.1-1: Investigations related to mmWave receiver noise floor rise
	R4-1706752: BS receiver dynamic range for mmWave bands

Source: Huawei, HiSilicon
	Proposal:

The dynamic range simulation result for mmWave bands is small and no need to specify the requirement.



	R4-1705097, Simulation results for receiver dynamic range of NR BS receiver with different deployment scenarios

Source: Ericsson


	Observation-1: 

Noise floor rise for dynamic range of NR receiver is ~0dB for all scenarios at 50 percentile UL interference.

Observation-2: 

Noise floor rise for dynamic range of NR receiver is ~0dB for UMa and UMi scenarios at 90 percentile UL interference.

Observation-3: 

Noise floor rise for dynamic range of NR receiver for InH scenario at 99 percentile UL interference is not substantial.

Proposal: 

There is no need to specify dynamic range requirement for NR BS.

	R4-1705430: Proposal on mmWave NR BS Receiver Dynamic Range

Source: Nokia, Alcatel-Lucent Shanghai Bell
	Proposal: 

To specify the mmWave NR BS receiver dynamic range requirement with the interference level of 15dB over the receiver thermal noise floor, and the wanted signal level calculated as the interference signal level plus the required UL 16QAM SNR and implementation margin. Here the SNR can be obtained at 95% relative throughput from link level simulations, and the implementation margin can be defined as 2.5dB.



	R4-1706813: Simulation results for receiver dynamic range of NR BS receiver without array gain for different deployment scenarios, 

Source: Ericsson
	Observation: 

Noise floor rise for dynamic range of NR receiver without including the array gain is ~0dB for all scenarios at 50 and 99 percentile UL interference.

Proposal: 

There is no need to specify dynamic range requirement for NR BS.



	R4-1706774: Discussion on receiver dynamic range and ICS requirement of range2 NR BS

Source: ZTE Corporation
	Proposal 1: 

not to specify the dynamic range requirement for rang2 NR BS.

	R4-1704930: Discussion on NR BS dynamic range,


Source: CATT
	Observation 1: Due to the considerable path loss in mmW frequency range, the interference signals reach to the BS side will be much lower in NR system than in LTE system.

 Observation 2: The UE specific BF will bring on significant rejections to the interference signals in the directions other than the direction of wanted signal.

Observation 3: The large BS channel bandwidth of NR will result in a higher noise floor.

Observation 4: Considering that there has been the REFSENS requirement which is aims to measure the receiver capability to receive the wanted signal in the level of noise floor, it seems unnecessary to define a similar requirement, say dynamic range requirement. 

Observation 5: For sub-6GHz NR BS dynamic requirement, it’s acceptable to reuse the same requirement of LTE except that the reference measurement channel may need to be further investigated for the new numerologies, BS channel bandwidth and coding schemes.

	R4-1709427: Further simulation results for range2 NR BS Dynamic Range
Source: CATT
	Additional simulation results


As it is seen from the above summary, most of the investigations points to a common conclusion that there is no need to define NR BS receiver dynamic range requirement for mmWave base station, considering the noise floor rise for NR BS receiver dynamic range in the simulated scenarios. 

In addition to the above investigations, it also been discussed whether other requirements implicitly demonstrate compliance to a small (e.g. 5dB) dynamic range. 
For LTE, the demodulation requirements are set well above the noise floor. It is reasonable to assume that a similar approach may be adopted for NR demodulation, then the demodulation requirements will be set well above the receiver noise floor. 

In case of LTE, with 5MHz channel bandwidth, the noise floor is -103dBm with a 5dB Noise Figure. So, the 5dB noise floor rise would result in -98dBm in AWGN. As seen in Table 8.2.1.4.2-1 of TS36.141, the AWGN power level at the BS input is specified as -80.4dBm/18MHz for 20MHz channel bandwidth. For receiver dynamic range test, 16-QAM is used, the SINR in that case is around 10.3dB, which results in absolute signal level around -75dBm. This is well above 5dB from the noise floor. 

In NR, the AWGN noise level will be higher compared to LTE levels, due to channel bandwidth and noise figure levels. However, if we follow same approach in defining the demodulation requirements as it is done for LTE, the absolute levels for demodulation requirements will be well above the AWGN noise floor. Thus, we do not see any need for testing dynamic range requirements in the order of 5dB.
Based on the above discussions and based on proposals from multiple companies, the following is agreed:

Agreement: There is no need to specify dynamic range requirement for range2 NR BS.

The absolute levels for demodulation requirements shall be well above (e.g. at least ~5dB) the AWGN noise floor, thus the small dynamic range shall be handled via demodulation requirements.

*********************End of change*****************
*********************Next changed section*****************
10.9
OTA In-channel selectivity

10.9.1

General
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 another in-channel wanted signal received at a much larger power spectral density.

10.9.2

BS type 1-O

For BS type 1-O, power level of wanted signal and interfering signal should be offset by the value ΔminSENS, other parameters could be reused from BS type 1-C. 

10.9.3
 BS type 2-O
Similar as did in LTE BS, the UL signal is defined for just 2 users, one being the “wanted” signal and the other one being the “interfering” signal at elevated power. The wanted/interfering RB allocations areas shown in Table 10.9.3-1 and 10.9.3-2.
Table 10.9.3-1: PRB allocation of in-channel selectivity for FR2 NR

	NR BS channel bandwidth [MHz]
	subcarrier spacing[KHz]
	Reference measurement channel
	Wanted signal PRB 
	Interfering signal PRB

	50
	60
	G-FR2-A1-4
	33PRB 
	33PRB

	100,200
	60
	G-FR2-A1-1
	66PRB 
	66PRB

	50
	120
	G-FR2-A1-5
	16PRB 
	16PRB

	100,200,400
	120
	G-FR2-A1-2
	32PRB 
	32PRB


Table 10.9.3-2: FRC table for REFSENS and ICS requirement
	
	RB number 
	SCS (KHz)
	TBS (Bits)

	G-FR2-A1-1
	66
	60
	5632

	G-FR2-A1-2
	32
	120
	2792

	G-FR2-A1-3
	66
	120
	5632

	G-FR2-A1-4
	33
	60
	2856

	G-FR2-A1-5
	16
	120
	1416


Interfering signal power level = -174dBm/Hz+10*log10(BW)+NF+ICS-G,
Where: 
-
BW is interfering signal bandwidth, e.g. 33PRB for 50MHz SCS:60KHz;
-
G is dependent on the mmWave receiver antenna gain and other factors for OTA REFSENS requirement 
-
ICS is agreed as 14dBc for all BS type, the specific reasons can be found in the following Table.;
	R4-1710771,ZTE
	The observed IoT level for mmWave BS is around [0-5] dB which is much less than 16dB assumed for legacy LTE BS. Considering the legacy C/I 9dB assumed for interfering signal, then maximum in-channel selectivity is 14dB which is still much less than 25dB assumed for legacy LTE BS.

	R4-1711156, Nokia
	Comparing the simulation results between mmWave and below 6GHz, it can be seen the UL IOT for below 6GHz NR BS is around 10 dB higher than that for mmWave NR BS. It has been agreed that the current 25dB E-UTRA BS receiver in-channel selectivity could be reuse for below 6GHz NR BS, hence (25-10=)15dB should be a suitable level for mmWave NR BS in-channel selectivity based on the agreed below 6GHz NR BS receiver in-channel selectivity



Wanted signal power level for ICS requirement for BS type 2-O could be calculated as following: 
Wanted signal power level = -174dBm/Hz+10*log10(BW)+NF+SNR+IM+3dB-G;
Where: 
-
BW is BS channel bandwidth of wanted signal;
-
G is dependent on the mmWave receiver antenna gain and other factors for OTA REFSENS requirement;
-
SNR is dependent on the link level simulation results; 

-
IM is implementation margin which is assumed as 2dB; 

-
3dB is reference sensitivity degradation which is reused from legacy LTE requirement; 
Regarding the interferer power level, the modulation scheme for interfering signal is assumed as 16QAM and modulation scheme for wanted signal is assumed as QPSK.
*********************End of change*****************
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