3GPP TSG-RAN WG4 Meeting #92
R4-1909139
Ljubljana, Slovenia, August 26- 30, 2019
Source: 
Huawei, HiSilicon
Title: 
On 7-24GHz UE RF requirement
Agenda Item:
11.4.6
Document for:
Approval
1 Introduction
For 7-24GHz SI，RAN4 already have agreements on the frequency range with example frequency as below. UE RF requirement can be studied based on the example ranges:

	Example range


	Frequency

(GHz)
	Example frequency

(GHz)

	1
	7.125 to [10-13]
	10

	2
	[10-13] to [16-18]
	15

	3
	 [16-18] to 24.250
	20


This paper provides some analysis on 7-24GHz UE RF requirement type and RF architecture.
2 Discussion
2.1.1 7-24GHz UE RF requirement type
RAN4 already have some discussions on UE RF requirement type based on the RF component and testability technology. From the current RF technology which can be utilized into the commercial usage, it seems companies have the common understanding that “FR1 like” requirement shall be defined for example range 1. In the previous discussion, CMOS process parameter with different characteristic length (nm) is provided as below:
	SOI CMOS data
	Gate lithography [nm]

	Parameter
	180
	180/130
	130/65
	45

	Fmax [GHz]
	150
	230
	250
	320

	Voltage [V]
	1.8
	1.8
	1.8
	1.2

	Ron*Coff [fs]
	150
	120
	90
	<80

	Gain@5 GHz [dB]
	25
	28
	>30
	>30

	NFmin@5 GHz [dB]
	0.36
	0.3
	0.25
	<0.25


As we can see in Fmax, which provides a measure of the achievable power gain which is essential in RFIC designs. The ratio is usually 6-10 between Fmax and the frequency of operation is desirable. It would be some limitation from the CMOS process Fmax on 7-24GHz circuit design. In the mainstream IC design technology, we can see twice of the operating frequency and even higher ratio is needed, it means some 30GHz operating amplifiers may be needed for 15GHz RFIC, then ~200GHz Fmax is required from IC fabrication process. Therefore, 11-13GHz within example range 1 may need further discussion on some implementation limitation if the traditional “RF1 like” design can be used. 
Observation 1: Example range 1 of 7-24GHz can be defined as “FR1 like” RF requirement. 
For the range 2, take 15GHz as example, it is the dividing point between “FR1 like” and “FR2 like” RF requirement. There is consideration that “FR2 like” requirement make the UE with multiple antennas and the antenna size is relatively large compared with 24GHz, meanwhile spatial multiplexing with “FR1 like” requirement may also need multiple antennas since PA performance is reduced on 15GHz. As we studied on PA technology, the Psat curve reduce about 5dB and peak PAE reduce about 15% for CMOS process, while the high electron-mobility, transconductance and Ft make it better performance for GaAs process. We can see the possibility that PA may have the considerable performance as for the example range 1 with advanced IC process. Considering the number of antennas on UE is already high: FR1 antenna 1T/2T, FR2 antenna 4 elements with dual polarization, WiFi, NFC…, there is little space for additional antennas. For testability, companies already provide the data on RF connector. Therefore, it is more suitable to define “FR1 like” RF requirement for the example frequency range 2. However, similar with 11-13GHz, the RF architecture and requirement shall be further discuss since the traditional design may not suitable for this frequency range.
Observation 2: Example range 2 of 7-24GHz can be defined as “FR1 like” RF requirement.
For the range 3, take 20GHz as example, the PA performance (Psat and PAE) has reduced much compared with PAs operating below 18GHz even with GaAs process. Nevertheless with spatial multiplexing, more than 2 Tx is needed to reach the UL performance. With the same antenna number, beam forming can bring much directional gain. For testability, companies also provide the data on 20GHz RF connector. However the antenna array can be implemented with AIP technology, it makes the conducted test impossible. RAN4 are also discussing the OTA MIMO test for sub6GHz, we can see that even for “FR1 like” requirement, the OTA test cannot be avoided. So it is more suitable for example frequency range 3 to define as “FR2 like” RF requirement.
Observation 3: Example range 3 of 7-24GHz can be defined as “FR2 like” RF requirement.
2.1.2  UE RF architecture
For Range 1, take 10GHz as example, the direct conversion architecture is widely used. As is familiar with us, the direct conversion architecture has drawback on the IQ-imbalance, DC offset and degradation of transmitted signal resulting in degradation of EVM. However, the major advantage of direct conversion architecture is that the image problem is avoided because the IF is zero, and therefore the requirement of a single LO realization is fulfilled. benefiting from the technology improvement on PLL design, real time I/Q imbalance calibration and DC eliminating technology, the direct conversion architecture becomes a mainstream architecture utilized by UE. For LO generating, one solution is to use transceiver-localized frequency multipliers (xLO) to generate the target LO frequency by the frequency divider.Considering the operating frequency with xLO, the direct conversion architecture may be limited on the frequency larger than 10GHz, thus the heterodyne architecture shall also be considered.
In NR rel-15, the UE reference architecture with IF conversion is proposed for FR2. The reason is mainly from the LO frequency generating, where xLO generating is too high and the phase noise could increase by 6 dB every time when f0 doubles. For the example frequency range 2/3 within 7-24GHz, the similar problem as in FR2 occurs. Although the direct conversion architecture has the advantage on the size, cost and simplicity, the heterodyne architecture shall be considered at least for the example frequency range 2 and 3.
Observation 4: For the example frequency range 2/3 within 7-24GHz, the heterodyne architecture shall be considered regardless of RF requirement type.
3 Conclusion

In this contribution we discussed on the RF requirement for 7-24GHz, according to the analysis, we have the following proposals:
Observation 1: Example range 1 of 7-24GHz can be defined as “FR1 like” RF requirement. 

Observation 2: Example range 2 of 7-24GHz can be defined as “FR1 like” RF requirement.

Observation 3: Example range 3 of 7-24GHz can be defined as “FR2 like” RF requirement.
Observation 4: For the example frequency range 2/3 within 7-24GHz, the heterodyne architecture shall be considered regardless of RF requirement type.
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