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1 Introduction
        Extensive discussion around NR systems has carried out from previous RAN4 meetings.  Decent progress has been achieved; meanwhile, other key RF parameters are still open to discussion. It is recognized that major RF characteristic changes occur during the transition from microwave to millimeter wave. Therefore, it is beneficial to discuss and identify adequate RF reference architecture(s). In such a way, the discussion of RF specifications could be carried out with the same reference. In this contribution, we begin to lay out possible reference architectures for millimeter wave UEs. 
2 Discussion
2.1 UE reference architecture
        In sub-6GHz applications of LTE, the direct-conversion architecture is the absolute reference architecture. Due to the challenges to and limitations on device/system design introduced by higher frequency implementation, other architectures may outperform zero-IF. Superheterodyne transceiver architecture may work better in the millimeter wave range compared with Zero-IF architecture, for direct conversion requires LO frequency with ultra-high accuracy and low phase noise, which may not be practical with reasonable device complexity. It is more stringent for direct down-conversion and its device design. Therefore, superheterodyne architecture is considered favorably. A simplified superheterodyne transceiver with eight chains and antenna elements is constructed in Figure 2.1.
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Figure 2.1 Simplified RF+IF reference archhitecture
Meanwhile, conventional Zero-IF architecture may still serve its purpose for certain designs at millimeter wave frequency, as shown in Figure 2.2.
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Figure 2.2 Simplified Zero-IF reference archhitecture
Proposal 1: Superheterodyne transceiver (RF+IF) architecture and Zero-IF shall be used as NR UE reference architectures, as shown in Figure 2.1 and Figure 2.2.
2.2 Other considerations 
Considering RF parameter definition and testability according to the above two architectures, it is obvious that IF stage, in addition to RF and baseband stage, may not always be present among different implementations. Technically speaking, the frequencies at IF stage may not be limited to one IF frequency, but are rather different according to companies’ implementations, even for the exact same RF frequency. Let alone, there is no IF frequency for Zero-IF realization. Therefore, it will not be effective to define or measure IF frequency-based performance. Our approach is to only define RF parameters at the final RF output as shown in red line in Figure 2.1. The reasons are as below:
1. IF frequencies may not exist with Zero-IF implementation.
2. IF frequencies may vary from different realizations among different companies, and it is not necessary to define intermediate frequency to limit UE realizations. Companies may have veriaties of considerations when realizing a UE device. It will not add value by further limiting IF frequencies but only render less flexibility on design. It is also premature to settle down with any arbitraty frequency without complete design exercise.

3. Defining RF parameters at the chain output before antenna is an approach aligned with the approach of the omni-antenna LTE, and it is also efficient to align with the approach of sub-6GHz NR application. We could consider specifications with the same reference point and this could reduce unnecessary confusions when the same reference is taken. 
      We note that the virtual reference point for the RF parameters indicated in Figure 2.2 is selected as a baseline definition for the parameters prior to considering testability.  This topic is covered separately in [3].  In general, a measurement methodology can be defined and optimized to provide a calculated value at the desired reference point.

Proposal 2: For RF conformance requirements, define RF parameters only referenced at the end of RF chain shown as the red dot line in Figure 2.1/Figure 2.2. 
3 Conclusion
        The RF-IF architecture and Zero-IF architecture have been presented in this contribution. For RF conformance requirements, it is proposed to define RF parameters only referenced at the end of RF chain but before the antenna input.
Proposal 1: Superheterodyne transceiver (RF+IF) architecture and Zero-IF shall be used as NR UE reference architectures, as shown in Figure 2.1 and Figure 2.2.
Proposal 2: For RF conformance requirements, define RF parameters only referenced at the end of RF chain shown as the red dot line in Figure 2.1/Figure 2.2. 
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