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1 Introduction
        Extensive discussion around next-generation (5G) systems has initiated from previous RAN meetings. Formal WI and/or SI may commerce at working group level upon the determination vesting from RAN#71. Embracing such emergence, this contribution discusses certain considerations from RAN4 perspective.
2 Discussion
        Upon RAN plenary’s decision for features and realizations in 5G, the corresponding work to RAN4 is still under broad and path-finding style consideration. From RAN4’s perspective, we have recognized there would be certain challenges that we have not experienced from past transitions, especially in term of RF design to support candidate frequencies up to 100GHz.[1] With such higher frequency, the characteristics of the radio could change RF expectation significantly, which is detailed below but not limited to:

· Propagation for co-existing analysis: Free space propagation, absorption, reflection, refraction, and scattering characteristics are highly frequency dependent. New channel model for 6GHz to 100GHz spectrum to address the above is under developed in RAN1 [2].To RAN4’s end, coexistence simulation parameters of the above 6GHz spectrum are preferred to reuse and/or be derived from the RAN1 channel modeling work. Furthermore, beamformed transmission and reception at both base stations and UEs could alter the co-existence interference model significantly different from the existing one. Thus, co-existence study needs thorough examination.
· System operation: One of the benefits for higher frequency operation is to enable wider channel bandwidth. For example, bandwidth of multi-hundred MHz is expected when operating at millimeter wave, as in comparison to 20MHz maximum for single transceiver on LTE UEs. The decision of system bandwidth would affect multiple RF requirements, such as transmitter emissions, receiver sensitivities, etc. 
· RF component realization: With the requirements for higher frequency and wider bandwidth operation, it brings unprecedented challenges to RF component realization. For example, less efficiency, higher power consumption may be encountered for PA design. A few hundreds MHz of ADC signal bandwidth requirement may also cause power consumption concerns.  On the other hand, higher-degree integrated MMIC devices are anticipated as standard transceiver realization. How to minimize the performance compromise, but to satisfy the system requirement is another valid concern. Additionally, 5G frame structure may be specified as “self-contained”, i.e. both TDD UL and DL share the same subframe, which requires faster UL/DL switching in order to minimize the guard time overhead. All those will require more advanced RF component realization that needs to be further studied.
· RF transceiver architecture: For below 6GHz, legacy LTE UE architecture may be reused, depending on the application requirements. However, moving forward to millimeter wave frequency, RF transceiver architecture may experience fundamental modification in order to achieve high EIRP for millimeter wave communication. Phased array antenna and multi-transceiver would be reasonably expected to enable beamforming.
· Test capability: The new next-generation RAT should consider the greater level of integration of high-frequency devices (e.g., devices operating above 6 GHz) than seen today with LTE and NB-IoT devices and address their testability.  Requirements will be impacted by altered assumptions of the flatness of the UE antenna response across UE orientations and across the occupied bandwidth relative to the assumptions taken for LTE today, and by the non-static nature of the UE antenna response.  New test scenarios that do not have an analogue in 3GPP may be executed almost exclusively in an over-the-air (OTA) environment, and considerations such as appropriate test environments, key performance indicators, and test bench cost need to be addressed. As RAN1 may include UE antenna configurations, orientation and body blockage to its channel modeling SI scope, a collaboration between RAN1 and RAN4 on this topic may be beneficial.   It is proposed to include scope for these discussions at the RAN WG4 level at the Study Item phase in order to enhance the structure of the specification work in RAN4.  It is expected that technical aspects of 5G testability would be addressed in the Work Item phase.[3]
· RF requirements: With the addressed changes above, RF requirements/specification at millimeter wave shall be carefully studied.  For below 6GHz, existing RF requirement approach shall be valid.
        Therefore, it is critical to provide reasonable RF specifications from RAN4 contribution in order to realize feasible 5G deployment. Approaching from conventional RAN4 angle, three major areas are identified during initial discussion: 
· Coexistence: Multiple coexistence themes should be examined, which are listed in Table 2.1. It is worth noting that these themes are not exhaustive, other themes may be added as well. Depending up on the candidate band choice, coexistence between 5G and LTE, LAA or WiFi may or may not be studied.

Table 2.1 Coexistence study themes

	Frequency
	Aggressor
	Victim
	Remark

	Below 6GHz
	5G
	LTE (LAA)
	If 5GHz band is considered for 5G

	
	LTE (LAA)
	5G
	If 5GHz band is considered for 5G

	
	5G
	WiFi
	If 5GHz band is considered for 5G

	
	WiFi
	5G
	If 5GHz band is considered for 5G

	
	5G
	LTE
	If 3.5GHz band is considered for 5G

	
	LTE
	5G
	If 3.5GHz band is considered for 5G

	
	5G
	5G
	

	Millimeter wave
	5G
	5G
	


· Base Station RF: The RF specifications for BS are required for 5G. Below 6GHz and above 6GHz (millimeter wave) need to be studied respectively.
· UE RF: The RF specifications for UE are required for 5G. Apt framework for necessary parameters shall be defined to guide RF specifications for both below 6GHz and millimeter wave. Specific RF requirements need to be identified and studied respectively for below 6GHz and millimeter wave. 
For both BS and UE, below items are necessary to be included in the study:
· Candidate band/bands: in different countries and regions, different frequencies have been considered for 5G RAT. At the SI stage, it would be burdensome and noneconomic to study all possible candidate frequencies exhaustively. Instead, Example bands could be narrowed down based on the spectrum characteristics, in order to cover the essential scenarios of microwave and millimeter wave. 
· System BW: in comparison to existing LTE only support 20MHz CBW for single UE transceiver; 5G requires multi-hundred MHz bandwidth in higher band. Such requirement is a game-changer to certain components design and specification. For example, frequency response needs to be sufficiently flat over a fairly wide spectrum. 
· Transceiver architecture: Significant change on FE may be expected. When antenna array and/or small individual RF paths are considered for beamforming, UE transceiver architecture could change fundamentally.
· Regulatory requirements: depending up on countries and regions, regulatory requirements need to be addressed.
· TX requirements:  Multiple TX requirements shall impact on 5G system performance decisively. At millimeter wave, TX requirements need to be studied carefully and define reasonable and necessary parameters, taking into account of test capability.
· RX requirements: Similarly to TX requirements, the RX requirements shall be studied carefully and define reasonable and necessary parameters, taking into account of test capability.
3 Conclusion
        In this contribution, it discusses potential challenges arising under 5G technologies from RAN4 RF perspective.  Accordingly, it identifies necessary contributions from RF perspective so as to effectuate 5G implementation. RAN4 will consolidate RF requirements for both below 6GHz and millimeter wave. 
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