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1 Introduction
Much achievement has been made for BS NR RF requirements such as ACLR, UEM, and Spurious emission in previous meetings especially for sub 6GHz[1-4].This contribution provides further considerations and proposals on remaining issue of BS transmitter intermodulation requirements for NR sub 6GHz.
2 Discussion
The transmit intermodulation requirement is a measure of the capability of the transmitter 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 via the antenna, where the interfering signals can be either from the co-located based stations or the other transmitter(s) of the own base station with separated antenna connector(s)
In LTE, for non-AAS type BS, only “Co-location transmitter intermodulation” type was captured, where the interfering signal is from a co-located base station and a minimum coupling loss of 30dB is applicable. For AAS BS there are two types of transmitter intermodulation cases captured by the transmitter intermodulation requirement:

1)
Co-location transmitter intermodulation in which the interfering signal is from a co-located base station.

2)
Intra-system transmitter intermodulation in which the interfering signal is from other transmitter units within the AAS BS.

For AAS BS, the co-location transmitter intermodulation requirement is considered sufficient if the interfering signal for the co-location requirement is higher than the declared interfering signal for intra-system transmitter intermodulation requirement.
For NR sub 6GHz, it has already been agreed that the LTE requirements would be reused as much as possible. Furthermore, considering the similar deployment scenario of the NR and E-UTRA for sub 6GHz especially when refarming LTE bands, it can be expected that the same types of transmitter intermodulation cases should be mostly reused for the NR.
Proposal 1: similar to LTE, for NR sub 6GHz, only “Co-location transmitter intermodulation” case should be defined for Range 1-C-N, and both “Co-location transmitter intermodulation” and “Intra-system transmitter intermodulation” cases for range 1-C-A.
From LTE, it can be known that one key issue to define transmitter intermodulation requirements is how to specify the interfering signal (i.e. interfering signal type, interfering signal level and interfering signal location) .In LTE, there are different requirements in interfering signal for the case of “Co-location transmitter intermodulation” and “Intra-system transmitter intermodulation” as shown in table 1.
Table 1, different requirements in interfering signal for two cases of transmitter intermodulation

	case
	Interference signal

	
	interfering signal type
	interfering signal level
	interfering signal location

	Co-location transmitter intermodulation
	5MHz E-UTRA
	Rated total output power in the operating band – 30dB
	± 2.5 MHz

± 7.5 MHz

± 12.5 MHz
offset from the edge of the wanted signal

	Intra-system transmitter intermodulation
	the same channel bandwidth as the wanted signal
	declared by the base station manufacturer
	0 MHz

offset between interfering signal and wanted signal


For Co-location transmitter intermodulation case, though the practical interfering signal bandwidth may be different with 5 MHz due to it may be from different RAT e.g. GERAN, UTRA, E-UTRA, only the interfering signal of 5 MHz channel bandwidth was considered for all LTE channel bandwidth wanted signal and it seems it still be applicable even for intra-band CA bandwidth up to 100MHz wanted signal which is comparable with NR channel bandwidth. For NR sub 6GHz, it has the similar deployment scenario as LTE, the new interfering source could be from co-located NR base station. However, because 5MHz is the minimum channel bandwidth for NR sub 6GHz, and according to the rule for intermodution that higher PSD in interfering signal would also cause higher PSD intermodulation product.5 MHz would be the worst case compared to other CBW in term of interfering signal with same power(rated total power-30dB). Thus it can be expected that a 5 MHz interfering signal shall be used for NR. The next question is which type of signal shall be used for 5MHz, LTE or NR? If NR is used, which SCS and waveform shall be used? Considering 5MHz NR signal can’t be supported by some higher operating band especially for NR only band [5], and as stated in contribution [6], the intermodulation product is almost independent from the modulation type, actually also from SCS and waveforms. Therefore, it is proposed the existing LTE interfering signal type (5 MHz LTE signal) are enough for the moment, the new interfering signal type for NR can be considered later. In view of the above reason, Table 2 and table 3 are proposed to define transmitter intermodution for NR range 1-C-N and 1-C-A respectively.
Table 2: Interfering and wanted signals for the co-location transmitter intermodulation requirement for rang 1-C-N
	Parameter
	Value

	Wanted signal
	NR single carrier

	Interfering signal type
	E-UTRA signal of channel bandwidth 5 MHz

	Interfering signal level
	Rated total output power in the operating band – 30 dB

	Interfering signal centre frequency offset from the lower/upper edge of the wanted signal 
	± 2.5 MHz

± 7.5 MHz

± 12.5 MHz

	NOTE 1:
Interfering signal positions that are partially or completely outside of any downlink operating band of the base station are excluded from the requirement, unless the interfering signal positions fall within the frequency range of adjacent downlink operating bands in the same geographical area. In case that none of the interfering signal positions fall completely within the frequency range of the downlink operating band, TS 38.141 provides further guidance regarding appropriate test requirements.


Table 3: Interfering and wanted signals for the co-location transmitter intermodulation requirement for rang 1-C-A
	Parameter
	Value

	Wanted signal type
	NR signal

	Interfering signal type
	E-UTRA signal of channel bandwidth 5 MHz

	Interfering signal level
	Rated total output power per TAB connector in the operating band (PRated,t,TABC) – 30dB

	Interfering signal centre frequency offset from Base Station RF Bandwidth edge 
	±2.5 MHz

±7.5 MHz

±12.5 MHz

	NOTE 1:
Interfering signal positions that are partially or completely outside of any downlink operating band of the TAB connector are excluded from the requirement, unless the interfering signal positions fall within the frequency range of adjacent downlink operating bands in the same geographical area. In case that none of the interfering signal positions fall completely within the frequency range of the downlink operating band, 3GPP TS 38.141 provides further guidance regarding appropriate test requirements.


Proposal 2: it is proposed the existing LTE interfering signal type (5 MHz LTE signal) shall be reused for Co-location transmitter intermodulation case for NR range 1-C-N and 1-C-A.
Proposal 3: table 2 and table 3 are proposed to define Co-location transmitter intermodulation case for NR range 1-C-N and 1-C-A respectively.

For Intra-system transmitter intermodulation case, the interfering signal is coming from other transmitter units within the AAS BS, because the interfering signal comes from the same RAT system, the PSD from different channel bandwidth may have the same level. Therefore, it is not suitable to define only one CBW interfering signal. As such, the same channel bandwidth as the wanted signal is considered as interfering signal type, but the minimum coupling loss of 30dB is not applicable anymore. While the interfering signal power level is declared by the manufacturer instead, and the frequency offset between interfering signal and wanted signal equals to 0 MHz. For NR sub 6GHz, considering the similar RF architecture within the AAS BS would be used, thus it is proposed the way to define interfering type in AAS could be reused for NR. In view of the above, Table 4 is proposed to define Intra-system transmitter intermodulation case for NR range 1-C-A 
Table 4: Interfering and wanted signals for
intra-system transmitter intermodulation requirement

	Parameter
	Value

	Wanted signal type
	NR signal

	Interfering signal type
	NR signal of the same channel bandwidth as the wanted signal (note 1).

	Interfering signal level
	Power level declared by the base station manufacturer (note 2).

	Frequency offset between interfering signal and wanted signal
	0 MHz

	NOTE 1:
The interfering signal shall be incoherent with the wanted signal.

NOTE 2:
The declared interfering signal power level at each TAB connector is the sum of the co-channel leakage power coupled via the combined RDN and Antenna Array from all the other TAB connectors, but does not comprise power radiated from the Antenna Array and reflected back from the environment. The power at each of the interfering TAB connectors is PRated,c,TABC.


Proposal 4: it is proposed the way to define interfering type for Intra-system transmitter intermodulation case in AAS could be reused for NR range 1-C-A.
Proposal 5: table 4 is proposed to define Intra-system transmitter intermodulation case for NR range 1-C-A.
For NR range 1-O, OTA requirements for sub 6GHz are also addressed in eAAS. The following conclusion is already agreed in the latest TR 37.843[8].according to the agreement, only “Co-location transmitter intermodulation” case shall be needed when considering OTA requirements.
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.
Proposal 6: only Co-location transmitter intermodulation case shall be needed when considering OTA for NR range 1-O.

3 Conclusion
In this paper, we give the following proposals to define NR BS transmitter intermodulation for NR sub 6GHz.

Proposal 1: similar to LTE, for NR sub 6GHz, only “Co-location transmitter intermodulation” case should be defined for Range 1-C-N, and both “Co-location transmitter intermodulation” and “Intra-system transmitter intermodulation” cases for range 1-C-A.
Proposal 2: it is proposed the existing LTE interfering signal type (5 MHz LTE signal) shall be reused for Co-location transmitter intermodulation case for NR range 1-C-N and 1-C-A.

Proposal 3: table 2 and table 3 are proposed to define Co-location transmitter intermodulation case for NR range 1-C-N and 1-C-A respectively.

Proposal 4: it is proposed the way to define interfering type for Intra-system transmitter intermodulation case in AAS could be reused for NR range 1-C-A.

Proposal 5: table 4 is proposed to define Intra-system transmitter intermodulation case for NR range 1-C-A.
Proposal 6: only Co-location transmitter intermodulation case shall be needed when considering OTA for NR range 1-O.
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