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1 Introduction
Discussion on NR RF requirements was kicked off in last RAN4 meeting. Some of the RF requirements will also be used for WP5D Sharing and compatibility studies [1][2]. It is noted that the study also depends on some inputs from RAN1 espcially for the high frequency related parameters. This contribution provides some initial consideration on NR RF parameters. 
2 Discussion
NR study includes spectrum for both below 6 GHz and above 6 GHz. As LTE already extends the operating bands to 5.9 GHz, it is expected that methodology of defining RF requirements for NR below 6 GHz could share lots of similarities with that for LTE. However, for high frequency bands, most RF requirements are foreseen to be quite different and will be defined based on applicable scenarios, regulatory limitations, co-existence conditions as well as implementation capability. 

In this contribution, discussion on RF parameters is focused on high frequency above 6 GHz. Some considerations on high frequency bands and wide bandwidth for 5G were discussed in [3]. Before preliminary study of RF requirements for high frequency bands, the most important thing is to decide which operating bands shall be considered. A WF was agreed in last RAN4 meeting, it was proposed that the studies are based on four frequency ranges, i.e. 24.25-33.4GHz, 37-43.5GHz, 45.5-52.6GHz, 66-86GHz for parameters requested by WP5D [4]. 

Although NR includes also frequency up to 100GHz, in the first stage, we may consider requirements for the four proposed ranges for high frequency firstly. Based on these frequency ranges, corresponding regulatory requirements can be investigated. 

Channel BW is another important parameter shall be decided early for study of other RF parameters. If RAN1 could not provide the parameter timely, RAN4 may consider assuming some scalable CBWs to carry out the study of methodology for specific RF requirements. 
Not all RF requirements are discussed here, but the list includes some which may be affected by identified issues, e.g. application scenarios, candidate bands, channel BW, regulatory limitations, implementation architectures, RF component capability, etc. More study and discussion is needed when we have more clear understanding of the high frequency characteristics.

Output power

For the existing technologies in high frequency bands, e.g. V-Band and E-Band services, we see that both conducted output power and EIRP could be defined by the regulations. 

In current BS specification, output power also depends on the BS classes. For 5G high frequency, we may  focus on one BS class considering the likely high frequency deployment scenario is for small cell with high throughput.
For UE side, different power classes are defined, which is related to both scenario and UE capability. We see the PA efficiency is very low at high frequency, which may limit the UE output power when we consider the possible power class.

More aspects may need to be considered for the output power requirement.

Out of band emissions

Spectrum emission mask depends on the regulatory limitations and co-existence requirements, especially with other services that may be sharing the band (or adjacent bands). 
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Figure 1: Emission mask for 802.11ad

Figure 1 is an example of emission mask for 802.11ad application in 60 GHz band. The limits apply relative to the nominal power (maximum spectral density). The measurements are taken with a resolution bandwidth (RBW) of 1 MHz. The nominal bandwidth is 1760 MHz for SC PHY and 1830.47 MHz for OFDM, which could be a reference in defining 5G spectrum mask for the candidate bands. As seen the bandwidth is different for SC and OFDM for 802.11ad, the question is natural for NR, is it single carrier or OFDM based carrier for high frequency bands? Input from RAN1 is necessary on these PHY related characteristics. 
Transmit signal quality
During the study of DL 256 QAM and UL 64 QAM, we see several factors may affect the final EVM requirement, i.e. phase noise, PA non-linearity, filter distortion, I/Q imbalance, carrier leakage, I/Q image, etc. These factors are closely related to the frequency, which are expected to be worse when the frequency is in the mmWave bands, and as a result, may affect the possible supported high order modulation scheme.
Spurious emissions

Spurious emissions are closely related to the regulatory requirements, which should be studied carefully in the group.

REFSENS

The REFSENS is related to the Noise Figure of the receiver. It is expected that the NF will be worse at mmWave band compared to the sub-6 GHz bands due to the limitation of the state of art technology of semiconductors. Some values of NF are assumed in [5]; however, no detailed information of implementation capability is provided. Therefore, RAN4 should consider the appropriate values for agreed frequency ranges based on concrete feasibility analysis. 
Blocking

The blocking level depends on the application scenario and depends on the systems which it co-exists with. The path loss is much larger than that below 6 GHz for high frequency bands, and the narrow band interfering signal may not exist. However, the use of high gain antennas to overcome the path loss may result interference to other devices near the beam direction.
3 Conclusion
Some RF parameters for NR are discussed in this contribution. As the frequency ranges are agreed in RAN4 for parameters study, the research of regulatory requirements on these frequency ranges can be started. For those pre-conditions and parameters which are important for study of other RF requirements, RAN4 shall reach consensus on the assumptions as soon as possible. 
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