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1 Introduction

During RAN#82, a study item to investigate the technical background for requirements in the frequency range between FR1 and FR2, 7-24GHz was approved. In the release 15 NR BS RF requirement specification, the fundamentally different technology characteristics and approaches to building practice between traditional bands and mm wave gave rise both to different requirement levels and also different conceptual approaches to setting requirements. Part of the study for frequencies in between FR1 and FR2 will involve deciding on which approach to adopt for each part of the intermediate range (or whether to adopt an alternative approach).

This document provides an overview of the differences between the transmit requirement approaches and levels for FR1 and FR2 as a starting point for such a discussion.
2 Discussion

The transmit requirements are analyzed considering each category of requirement.

2.1 General considerations

The supported subcarrier spacings and bandwidths in the intermediate frequency range need to be decided, as for FR1 and FR2 these differ. Discussion on which options should be supported for SCS and bandwidth should be taken in a common agenda item considering also UE aspects (most likely in a WI phase).

Although not part of the specifications, assumptions on the likely array size and the extent of likely variation in array sizes for different scenarios will set a background for the requirements and needs further consideration.
2.2 Output power requirements

The output power requirements include EIRP accuracy, TRP accuracy, output power dynamic range and RE power control dynamic range.
The EIRP and TRP requirements are stated in the same manner for FR1 and FR2, however the required accuracy differs between the two frequency ranges. 

The output power dynamic range requirement is stated in the same manner for FR1 and FR2, however the requirement differs. In principle, though the requirement simply scales with the number of resource blocks, so determining the requirement values for the intermediate range is elementary and will be related to which bandwidths are supported.

The RE power control dynamic range requirement is only specified for FR1; clearly in the intermediate frequency range a decision needs to be reached on whether the requirement is needed or not. Since the requirement is not tested and the impact of the requirement is very small, this should not be a complex issue.

Observation 1: The TRP and EIRP accuracy in the intermediate frequency range needs study.
2.3 Signal quality requirements

The signal quality requirements include EVM, frequency error and time alignment error. The frequency error requirement does not differ between FR1 and FR2, and it is likely to be elementary to decide that the requirement will not differ substantially in the intermediate range. The EVM requirement is stated in the same manner for FR1 and FR2 and the requirement levels are the same. However, power back off for 64QAM operation is included for FR2, in contrast to FR1, and FR2 EVM requirements assume the presence of PTRS and CPE compensation. A discussion is thus needed on whether such power back off is needed when operating in intermediate frequencies, and on the need for phase noise compensation. The time alignment error requirement is stated in the same manner for FR1 and FR2, however the requirement level differs for the intra band contiguous CA case and thus a decision is needed on how to set the requirement for the intermediate frequencies.
Observation 2: Some discussion on EVM power back-off and phase noise compensation, and time alignment error for intermediate frequencies is needed.
2.4 TDD OFF power requirement

The TDD OFF requirements include the OFF level and the transient time. The requirements are specified in a different manner for FR1 and FR2. For FR1, the OFF requirement is based on the co-location framework. For FR2, the requirement is based on TRP, but a means for conformance test for the FR2 requirement has not as yet been identified.

Apart from the formulation of the requirement, the requirement levels (both the off power and the transient time) will require study for the intermediate frequency range.

Observation 3: More substantial study is needed on how to set the TDD OFF requirement and what the requirement levels should be for the intermediate frequency range.
2.5 Unwanted emissions requirements

The unwanted emissions requirements consist of occupied bandwidth, operating band unwanted emissions, ACLR, general spurious emissions and additional frequency specific and co-location requirements.

The occupied bandwidth requirement is stated in the same manner for FR1 and FR2 and can be directly applied in the intermediate frequency range.

2.5.1 Operating band unwanted emissions and ACLR

The operating band unwanted emissions and ACLR requirements are defined as TRP for both FR1 and FR2. The emissions mask differs substantially between the two frequency ranges. The FR2 mask was based on the FCC mm wave regulation. Work is needed to either decide which of the two masks to take or to identify a means to derive a mask for the intermediate frequency range.

The relative and absolute ACLR also differs between the two frequency ranges. Work is needed to derive appropriate ACLR requirements considering technology characteristics and co-existence considerations.

Observation 4: Work is needed to decide/derive in band emissions masks and ACLR.

2.5.2 Out of band unwanted emissions

The non-co-location out of band unwanted emissions requirements consist of a general spurious emissions requirements and further frequency specific co-existence requirements.
The general spurious emissions requirement currently differ somewhat between FR1 and FR2 since FR2 does not include a category B requirement, however in general the requirements will relate to regulatory discussions and significant work is not needed.

The co-existence requirements can be directly applied for the appropriate frequencies.

Observation 5: Little work is needed for non-co-location out of band emissions requirements.

2.5.3 Co-location unwanted emissions requirements and TX intermodulation
Co-location requirements on unwanted emissions and TX intermodulation are only defined for FR1. Further discussions are needed on whether co-location requirements are needed and should be defined for the intermediate frequencies and if so, how. Companion papers address this issue in more detail.

Observation 6: Further discussion is needed on whether and how to apply co-location requirements.
3 Conclusion

This paper provides a summary overview of work for BS TX requirements for the intermediate frequency range. The largest amount of work is needed for EVM, TDD OFF and the in-band unwanted emissions requirements, as well as the need for co-location requirements.

For the SI phase, there is no need to conclude on specific requirements; it should be sufficient to capture key parameters and where further work is needed. Study of DL characteristics such as PA, phase noise etc. is needed to determine basic parameters such as ACLR. Also, further discussion on options for handling the TDD off power requirement may be useful. The applicability of co-location requirements should be clarified.
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