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1	Introduction
During RAN4 #80bis meeting, [1] provided initial discussion on out-of-band emission requirements for NR BS. In conclusion, we observed that similar out-of-band emission requirements as in E-UTRA seem feasible and good starting point for NR BS requirements as well. The way forward on BS RF requirements for NR [2], which was approved during the RAN4 #81 meeting, outlines open issues that need to be addressed in forthcoming meetings. In this document, we address the emission scaling issue by investigating AAS conducted out-of-band emission requirement and then followed by OTA ones. The OTA out-of-band emission requirements are currently being discussed in eAAS sessions. The document concludes with some observations. 
2	Discussion
In [2], the way forward for emission scaling of NR BS unwanted emissions is as follows:

	“For < 6 GHz OTA consider whether the same methodology as in AAS OTA with some modifications to the definitions should be used, or the emissions should be fixed and not scaled. For > 6 GHz, do not apply the AAS emissions scaling methodology.” 
2.1	Conducted out-of-band unwanted emission requirements
For E-UTRA single RAT BS and MSR BS, the out-of-band emission requirement for the BS transmitter is specified in terms of Adjacent Channel Leakage Ratio (ACLR) and Operating band unwanted emission requirements. The Operating band unwanted emissions requirement defines limits for emissions in each supported downlink operating band plus the frequency ranges 10 MHz above and 10 MHz below each band as shown in Figure 1; refer to Tables 6.6.2.1-1 to 6.6.2.1-4 in TS 37.104 for more details. Table 1 shows the wide area operating band unwanted emission mask for BC1 and BC3. For UTRA single RAT, the out-of-band emission requirement for the BS transmitter is specified in terms of ACLR and spectrum emission mask; refer Tables 6.3A to 6.6 in TS 25.104 for more details. 


Figure 1: Defined frequency range for LTE Operating band unwanted emissions with an example RF carrier and related mask shape (from TR 36.942)
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	Frequency offset of measurement filter ‑3dB point, f
	Frequency offset of measurement filter centre frequency, f_offset
	Minimum requirement (Note 1, 2)
	Measurement bandwidth (Note 6)

	0 MHz  f < 0.2 MHz
	0.015MHz  f_offset < 0.215MHz 
	-14 dBm
	30 kHz 

	0.2 MHz  f < 1 MHz
	0.215MHz  f_offset < 1.015MHz
	

	30 kHz 

	(Note 5)
	1.015MHz  f_offset < 1.5 MHz 
	-26 dBm
	30 kHz 

	1 MHz  f  
min(fmax, 10 MHz) 
	1.5 MHz  f_offset < min(f_offsetmax, 10.5 MHz)
	-13 dBm
	1 MHz 

	10 MHz  f  fmax
	10.5 MHz  f_offset < f_offsetmax 
	-15 dBm (Note 7)
	1 MHz 

	NOTE 1: 	For MSR BS supporting non-contiguous spectrum operation within any operating band the minimum requirement within sub-block gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks on each side of the sub-block gap, where the contribution from the far-end sub-block shall be scaled according to the measurement bandwidth of the near-end sub-block. Exception is f ≥ 10MHz from both adjacent sub-blocks on each side of the sub-block gap, where the minimum requirement within sub-block gaps shall be -15dBm/MHz.
NOTE 2: 	For MSR BS supporting multi-band operation with Inter RF Bandwidth gap < 20MHz the minimum requirement within the Inter RF Bandwidth gaps is calculated as a cumulative sum of contributions from adjacent sub-blocks or RF Bandwidth on each side of the Inter RF Bandwidth gap, where the contribution from the far-end sub-block or RF Bandwidth shall be scaled according to the measurement bandwidth of the near-end sub-block or RF Bandwidth.



For E-UTRA and UTRA AAS BS, the out-of-band emission requirement is similar to E-UTRA (single RAT and MSR) and UTRA single RAT BS, respectively, as specified in TS 37.105. The AAS BS comprises a Transceiver Unit (TRXU) array as depicted in Figure 2. In addition, the following configuration parameters of AAS BS shall be declared by manufacturers (as specified in Clause 6 in TS 37.105):
· - a declared number corresponding to the minimum number of cells that can be transmitted by an AAS BS in a particular band with transmission on all TAB connectors supporting the operating band;

· TAB connector TX min cell group - operating band specific declared group of TAB connectors to which the out-of-band emission requirement (E-UTRA and/or UTRA) is applied.      
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Figure 2: Conducted and OTA reference points of AAS BS
From TR 37.842, one of the following conformance testing options, which is determined by manufacturers, can be used to demonstrate if an AAS BS meets the out-of-band unwanted emission requirement: 
(a) The unwanted emissions power at each TAB connector shall be less than or equal to the emissions limit as defined above scaled by -10log10(n), where n is the number of TAB connectors in the TAB connector TX min cell group;TRXU 1
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or

(b) The sum of the emissions power measured on each TAB connector in the TAB connector TX min cell group shall be less than or equal to the emissions limit as defined above. 

Presently, NR BS core specification has not yet been defined. Therefore, it is not currently known whether there will be connectors such as AAS BS TAB available in the NR BS architecture. Without such connectors, it is not possible to perform conducted testing on the NR BS for conformance to the unwanted emission requirement.     
Observation 1: If there are corresponding TAB connectors specified, then NR BS operating at frequency less than 6 GHz can adopt the same methodology as in the AAS BS conducted case.  

2.2	OTA out-of-band unwanted emission requirements
Presently, for AAS BS, only OTA ACLR [3] has been approved, which is to be followed by NR BS. Enhanced AAS sessions have initiated discussions on converting conducted emission requirements to OTA ones [4] but no agreements have been reached yet. As the AAS BS under test is treated as a black box, the notion of TAB connectors, as shown in Figure 2, are missing. Thus, for the OTA conformance testing options mentioned in subsection 2.1 need to be adapted in a number of ways.

Firstly, both conformance testing options (a) and (b) make reference to TAB connector in their definition, which need to be replaced by an equivalent term in the context of OTA. An example can be “active transmitter unit” that is already defined in TS 37.105. 

Observation 2: TAB connectors do not exist in OTA environments. The TAB connector should be replaced with an appropriate term for OTA in current AAS base station definitions. 

Secondly, manufacturers shall declare the number of active transmitter units per TAB connector TX min cell group, which allows us to scale the unwanted emission limit as , where (from TS 37.107, Clause 6.1)





Observation 3:  For operating frequency < 6 GHz, unwanted emission limit scaling is possible provided the manufacturers declare the number of active transmitter units in the NR BS.

Thirdly, the OTA emissions are treated as the sum of power radiated by all active transmitter units in the NR base station under test. Thus, emission limit scaling by the number of TAB connectors is not allowed and the black box concept can be preserved. Therefore, option (b) is the only choice that is available for OTA conformance testing; this is in line with FCC out-of-band emission requirements [5]. It is important to note that, however, the AAS emission limit is specified for a total of emission power radiated by a maximum of 8 or 4 active transmitter units for E-UTRA and UTRA, respectively. This poses an issue if the number of active transmitter units in an NR base station is set to larger than 8 or 4.        

Observation 4: For operating frequency < 6 GHz, if the OTA emissions are treated as the sum power radiated by all active transmitter units in the NR base station, then emission limit scaling by the number of TAB connectors is not allowed and the black box concept is preserved. 

3	Conclusions
In this document, we have investigated conducted and OTA out-of-band unwanted emission requirement of AAS BS. Even though the AAS OTA out-of-band emission requirement has not yet been agreed, we can make the following observations based on our investigations: 

Observation 1: If there are corresponding TAB connectors specified, then NR BS operating at frequency less than 6 GHz can adopt the same methodology as in the AAS BS conducted case.  
Observation 2: TAB connectors do not exist in OTA environments. The TAB connector should be replaced with an appropriate term for OTA in current AAS base station definitions. 
Observation 3:  For operating frequency < 6 GHz, unwanted emission limit scaling is possible provided the manufacturers declare the number of active transmitter units in the NR BS.

Observation 4: For operating frequency < 6 GHz, if the OTA emissions are treated as the sum power radiated by all active transmitter units in the NR base station, then emission limit scaling by the number of TAB connectors is allowed and the black box concept is preserved. 
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