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1. Introduction

At last meeting, the specification structure for TS 38.104 was agreed [1]. Following the NR time schedule, it’s time to initiate specification text drafting for specific requirements. 
In this contribution, the complete transmitter intermodulation requirement for NR is presented. The scope of TS 38.104 covers frequency range 1 base stations (non-AAS, AAS and eAAS) and frequency range 2 base stations. 

The intension with contribution is to conclude on the requirement coverage and applicability for transmitter intermodulation with respect to NR base stations in frequency range 2. 
2. Discussion

Since NR base stations will operate within a very large frequency range capable of beamforming ranging from very simple to very advanced different types of RF core requirements and corresponding conformance test requirements is required. 
A selected track corresponds to a full set of requirements for the selected type of base station. The reason for having multiple requirement sets is that the requirement applicability and requirement anchor point is different for base stations with few RF ports operating at low frequencies compared to base station operating at mm-wave frequencies. 

The specification supports following types of NR base stations:

1. NR Non-AAS BS operating in frequency range 1.

It is envisaged that for NR non AAS type base stations operating at frequencies below 6 GHz, the current base station RF core specification and conformance test specification (TS 37.104 and TS 37.141) can be used as guidance deriving the corresponding RF core specification and conformance test specification for NR. 

2. NR AAS BS operating in frequency range 2.

AAS NR BS requirements follow two defined tracks (see companion contribution [6] for details);
a. NR AAS BS Type 1.

b. NR AAS BS Type 2.

3. NR mm-wave BS operating in frequency range 2.

For NR mm-wave base stations operation above 24 GHz, a specification where all requirements are defined as OTA requirements is required. 

As discussed in [2], OTA requirements and testing are an obvious necessity for mm-wave frequency bands and even possibly lower frequencies (e.g. between 6 and 24 GHz). Although not always necessary, OTA requirements also need to be developed for below 6 GHz to facilitate efficient implementation of large array BS. For mm-wave frequencies, given the complexity of OTA testing and the time constrains for first release of NR, careful consideration on “requirement coverage” should be made to reduce the number of requirements to essential requirements. 

The transmitter intermodulation requirement is designed to show robustness towards an interfering signal coming from a co-located base station. If the emission requirements (Spurious emission, Operating band unwanted emission and ACLR) are fulfilled when an interfering signal is injected the requirement is passed. The interfering signal level and modulation is selected to mimic a realistic co-location case.

For traditional base stations operating at 450 MHZ to 3.8 GHz the antenna port-to-port isolation assumed for the requirement is 30 dB. However, the transmit intermodulation requirement with interferer level of 30 dB below wanted signal (for sub-6 GHz) is not useful for mm-wave frequencies because isolation is significantly higher for mm-waves frequencies. At last meeting measurement results was presented showing the antenna port-to-pot isolation is 70 dB (confirmed by measurements in ref. [3, 4]) between two co-located base stations operating at 28 GHz. The higher isolation makes the traditional requirement assumption obsolete.

Also, last meeting an analysis of emission levels (in ref. [5]) showed that the isolation is in this frequency range the relevance of having a transmitter intermodulation requirement disappear. Thus, the transmitter intermodulation requirement could be excluded in the specification for frequency range 2 mm-wave bands. 

Proposal:

RAN4 should exclude transmit intermodulation as a requirement for base stations operating within frequency range 2.
Previously in the discussion it has been decided to use the outcome from AAS and eAAS as much as possible. For AAS base stations the transmitter intermodulation requirement has been extended to also include intra-system leakage. For eAAS an equivalent OTA requirement is under development. The OTA requirement relies on a concept of a co-location reference antenna for injecting of the interfering signal.

Also, use the traditional requirement definition (from single RAT and MSR) as base for NR non-AAS base station. 

In Table 2-1, the complete transmitter intermodulation requirement applicability for NR base stations is visulized. 

Table 2-1: Requirement Applicability 

	RF requirement
	NR non-AAS
	NR AAS BS

Type 1
	NR AAS BS

Type 2
	NR mm-wave BS

	Transmitter intermodulation (6.7)
	X
	X
	
	

	OTA Transmitter intermodulation (9.8)
	
	
	X
	


3. Conclusion

It is clear however that with the base stations operating within frequency range 1 the lower antenna port-to-port isolation (in the range of 30 dB) combined with the greater in band emissions requirements highlight there is a risk that the reverse interferer could cause emissions which are not compliant to the emissions requirements, as such the transmitter intermodulation requirement for range 1 base stations makes sense.

However, for base stations operating within frequency range 2 it is not possible to create a scenario where the interferer is large enough to exceed the in-band emissions requirements. This is both because the interfere is much smaller due to the higher isolation between antennas and because the in-band emissions limits are higher. 

RAN4 can therefore agree that the transmitter intermodulation requirement is not relevant for range 2 and should not be defined for NR mm-wave BS.
Proposal:

RAN4 should exclude transmit intermodulation as a requirement for base stations operating within frequency range 2.
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