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1 Introduction
WF [1] was approved for UE requirement type study in the last meeting, it is encouraged to study the feasibility from perspectives as following:
· RF architecture and UE type
· System performance imapct on RF requirements,e.g. ACLR
· Antenna size volume
· PA average output power with applicable power consumption for UE
· Filter with different type,e.g. LTCC, LC, SAW. 
· Testability on conducted type and OTA type 
· Other perspectives is not preclued
This paper provides some initial considerations on the study of UE RF requirement for 7-24GHz.

2 Discussion
2.1 System performance impact on RF requirement

During the last meeting, there is discussion on the RF component performance for 7-24GHz, in which PA and filter are with highly attention. The feasibility for 7-24GHz UE implementation are primarily depending on these analog components. In addition, companies also raise that the requirement also depends on ACLR/ACS requirement. It decides the linearity requirement on TRx chain and can be compromise with other performance such as power consumption, output power and noise level, etc.
When RAN4 starts the study on NR FR2, coexistence study is proceeded by simulation with assumption on channel model, antenna model, and deployment scenarios. ACLR and ACS requirements are defined accordingly which can be seen in TR 38.803. Closely before the completion of Rel-15 spec, RAN4 found out that the OBW requirement is more stringent than ACLR, where ACLR is 17dB and OBW actually requires for 23dB suppression. Then it triggers more discussion on MPR definition. 
Considering the issues mentioned above, we recognized that coexistence study and related RF requirement review is very important to 7-24GHz which is totally new on perspective of propagation condition and deployment requirement. Although in 7-24GHz SID, coexistence study is planned to be in following up WI, RAN4 still can have some preparation work for coexistence study. Before WI, we can have the initiative agreement for the coexistence study, which can give guidance on RF components study. Furthermore, we can also take a look on whether 95% OBW is applicable for 7-24GHz. 
For FR2 coexistence study, 30GHz is studied as the representative frequency. In [2], there are some proposals on the representative frequency on each sub range for 7-24GHz. It could be considered as the start point of the coexistence study, and we can take the experience of FR2 OBW issue to consider the ACLR requirement in advance.
Proposal 1: RAN4 could start the discussion on coexistence study simulation assumption for 7-24GHz on the example frequency, the OBW requirement can be considered simultaneously.
2.2 RF component study
In 7-24GHz SI, RF requirement type was discussed a lot, where FR1 like and FR2 like requirement is studied from BS side and UE side. And it also triggers the discussion on FR1 extension and FR2 extension. From UE implementation perspective, we would like to show the current RF components status, and to have some initial estimation on the RF requirement type.
In [3], it summarize advanced PAs published in recent years. For 7-24GHz, peak PAE and Psat curves can be seen in Fig1 for different IC technology. Compared with sub6GHz PA, the Psat curve reduce about 5dB and peak PAE reduce about 15% for CMOS process, and the similar situation for SiGe process. For GaN and InP process, we can see much better performance benefit from the HBT and HEMT process. But it is not suitable for UE design considering the chipset packaging, power consumption and cost. For GaAs process, we can see good research on UE side, the high electron-mobility, transconductance and Ft make it superior on high frequency application, but it also have similar considerations from UE implementation perspective. As the Psat and peak PAE reduces with the frequency goes higher, multiple PAs are needed for certain power class like UL MIMO architecture, then the UE architecture could be similar with OTA type UE.
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Fig 1. 7-24GHz PA performance trend for different technoligy

For RF filters, RAN4 have some study on LTCC filter for NR new spectrum which is higher than 3.5GHz. For FR2 application, RF filters is considered much complex than in FR1 since extra loss will be introduced and gain/phase mismatch impact on beamforming. For 7-12GHz application, we can see ralative mature LTCC filter products, and the performance can be seen in following table. The value provided below already consider tempreture conditions. When the frequency goes higher, the IL can be seen higher which is hardly to compensate on TRx chain.
	
	fc
	IL
	Rejection

	Supplier A
	12GHz
	<2.5dB
	30-40dB

	Supplier B
	11GHz
	<2dB
	30-40dB

	Supplier C
	17GHz
	<6dB
	30-55dB


For testability, contribution [4] provides the data on probe/connector for conducted test up to 12GHz. We also see there are probe/connectors can work up to 20GHz with limited IL and VSWR, but whether the performance is stable and whether it can be produced in volume are not clear. So up to 12GHz for conduct test would be safe at this stage.
Considering of PA, filter and probe/connector used for conduct test, we can have some initiate estimation that at least 7-12GHz seems suitable for FR1 type implementation. 10GHz could be used as the representative ferquency to have the coexistence study. For frequency higher than 12GHz, RAN4 needs to further study whether FR1 like requirment can be applied for UE. 

Observation 1: from estimation on current performance of PA,filter and connectors, 7-12GHz can be defined with conducted type UE requirement, 10 GHz can be used as the representative frequency to have coexistence sdudy.

3 Conclusion

In this contribution we discussed on the7-24GHz UE RF design, according to the analysis, we have the following proposals:
Proposal 1: RAN4 could start the discussion on coexistence study simulation assumption for 7-24GHz on the example frequency, the OBW requirement can be considered simultaneously.

Observation 1: from estimation on current performance of PA,filter and connectors, 7-12GHz can be defined with conducted type UE requirement, 10 GHz can be used as the representative frequency to have coexistence sdudy.

References
[1] R4-1905197, “WF on 7-24GHz UE requirement type”, RAN4#90bis, Huawei,HiSilicon
[2] R4-1903455 “Addition of example frequencies in subclause 6.2”, RAN4 #90bis, Ericsson
[3] Hua Wang, Fei Wang, Huy Thong Nguyen, Sensen Li, Tzu-Yuan Huang, Amr S. Ahmed, Michael Edward Duffy Smith, Naga Sasikanth Mannem, and Jeongseok Lee, "Power Amplifiers Performance Survey 2000-Present,"
[4] R4-1903994, “On performance of existing RF connector and probe technology”, RAN4 #90bis, LGE
3GPP


