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1
Introduction

In RAN#87e meeting, the new WI on FR2 FWA UE with maximum TRP of 23dBm for band n257 and n258 was approved [1]. In this contribution, our view on how to introduce new requirement in RAN4 is discussed.
2
Discussion

2.1 Scope of the work in RAN4
The main objective of this work item is to introduce a new type of fixed wireless access (FWA) device under the same regulatory framework as PC3 device for band n257 and n258, particularly to align with the Japanese regulations.
The following regulatory requirement is applied to PC3 device in Japan and thus is applied to FWA device.
Table 1: Regulatory requirements for the new FWA device.

	Regulatory requirements
	Minimum Requirements

	Maximum Transmit Power (TRP)
	23 dBm

	Tolerance
	+/-2.7 dB (including TT)

	Maximum Antenna Gain
	20 dBi (thus, maximum peak EIRP is 43 dBm)

	Frequency error
	0.1ppm+0.005ppm (including TT)

	Unwanted emissions (ACLR, SEM, Spurious, Tx off power)
	The same as PC3 (including TT)

	Additional spurious emissions
	Resolution 750 (Rev. WRC‑19)


The requirements that do not come from regulations shall be further discussed in the scope of the work item summarized in the following.
Table 2: Scope of the RAN4 work.

	Non regulatory requirements
	Scope of the work in RAN4

	UE minimum peak EIRP
	To be higher than PC3 (22.4dBm) due to greater beam gain

	EIRP Spherical coverage
	%-tile point and min EIRP
To be narrower coverage with higher EIRP than PC3.

	MPR/A-MPR 
	Whether if PC3 requirement is reused or not.

	Beam correspondence requirements
	Whether if PC3 requirement is reused or not.

	REFSENS (EIS)
	To be more sensitive than PC3 due to greater beam gain

	EIS Spherical coverage
	%-tile point and maximum EIS
To be narrower coverage with lower EIS.


2.2 UE architecture assumption for EIRP/EIS requirement
The existing EIRP/EIS requirement for the handheld PC3 device is based on the UE RF architecture parameters available in TR 38.817-01 [2].
Table 3: PC3 UE RF architecture parameters

	UE RF architecture assumption of the handheld PC 3
	Values used for simulations among companies

	PA power
	14 dBm

	# of antenna elements
	4

	Element gain
	2.5 – 5.0 dB

	Antenna roll-off loss vs frequency 
	0.5 – 3.0 dB

	Antenna array gain
	7.5 – 10 dB

	Polarization gain
	2.0- 2.8 dB

	Total implementation loss (nominal)
	4.25 – 7.25 dB

	Tolerance
	2.85 – 3.85 dB


In order to achieve higher EIRP/EIS for FWA device, UE RF architecture assumptions need to be modified to have greater antenna gain up to 20 dBi. There is about 10 dB headroom (from the handheld PC3) to achieve a greater gain by using a greater element antenna gain or by using a higher number of antenna elements.
It is our understanding that it is not possible to increase the element antenna gain, as it will increase the size of element antenna and such array antenna in not practical. It is possible to consider a very high antenna gain (20dBi) with a single antenna element. This is similar to a fixed micro wave link type of devices, but such a device requires mechanical beam steering to establish the link with the base station, which requires an installation by professional technicians. We understand such type of device is not the scope of this work item; it is a CPE type of device installed by subscribers without technical skills. The beam steering shall be autonomously executed by the device itself according to the features available in 3GPP standards.
Observation 1: The scope of this WI is to introduce the requirements for CPE type of device for fixed wireless access (FWA) that is installed by subscribers who is not aware of the radio network configuration (such as the location or direction of nearby base stations) so that the device is required to make its own beam management itself assisted by network according to 3GPP standards.
Therefore, we assume that a higher EIRP/EIS is achieved by an increased number of antenna elements more than 4. The element antenna gain is to be kept the same as the PC3. As the maximum TRP is limited to 23 dBm, the PA power may need to be reduced if a higher number of elements is considered more than 8 because with 14 dBm PA without loss, 23 dBm could be already achieved. Thus, we consider two architecture options for the new FWA devices in the following. 
Table 3: Proposed UE RF architecture options and expected requirement
	UE RF architecture assumption for the new FWA device
	Architecture #1

8 elements with the same PA power
	Architecture #2

16 elements with reduced PA power

	PA power
	14 dBm
	11 dBm

	# of antenna elements
	8
	16

	Element gain
	4 dB
	4 dB

	Expected enhancement in peak EIRP/EIS (from PC3)
	About 6 dB
	About 9 dB

	Spherical coverage
	It is reasonable to use %-tile point between PC1 and PC3, i.e., about 70-75%.
EIRP/EIS should be derived through a simulation campaign. 
	It is reasonable to use %-tile point between PC1 and PC3, i.e., about 70-75%.

EIRP/EIS should be derived through a simulation campaign.


Architecture #1 assumes 8 antenna elements with 14 dBm PA, which will not violate 23 dBm TRP limit even without loss. The maximum peak EIRP could be about 29 dBm if overall 15 dB antenna gain (including loss) is achieved. Due to twice more number of antenna elements, we expect the enhancement in minimum peak EIRP/EIS is up to 6 dB from PC3.
Architecture #2 assumes 16 antenna elements with 11 dBm PA, which will not violate 23 dBm TRP limit even without loss. The maximum peak EIRP could be about 31 dBm if overall 20 dB antenna gain (including loss) is achieved. Due to four times more number of antenna elements, we expect the enhancement in minimum peak EIRP/EIS is up to 9 dB from PC3.

More than 16 antenna elements do not need to be considered as the overall antenna gain cannot exceed 20 dBi in Japanese regulations. 16 elements can already achieve 28 dB array gain if 4 dB element gain is assumed without any implementation loss. We expect that 20 dB is a practical target for 16 elements with implementation loss.
Observation 2: The new FWA devices architecture should be based on an increased number of antenna elements 8 or 16 and enhancement up to 6 and 9 dB is expected for min peak EIRP/EIS requirement. 

The spherical coverage requirement for the handheld PC3 is based on 50%-tile CDF and for the FWA PC1 is 85%-tile CDF. The number of assumed antenna elements are 4 and 16, respectively. The multiple antenna panels up to 2 are also considered for PC3 for enhancing the coverage for the handheld device.
The new FWA device is a CPE device installed by subscribers. Its installation is not as optimum as expected for PC1 that is installed by professional technicians. The subscribers may not be able to install the CPE device optimally to direct the maximum beam peak direction to the base stations. Therefore, it is beneficial to consider wider spherical coverage than PC1. Thus, %-tile point between 50% and 85% should be considered such as around 70-75%.
Observation 3: The %-tile for spherical coverage of the new FWA device should be around 70-75%.

In order to derive the EIRP and EIS spherical coverage values, a simulation campaign is needed. The parameters presented in Table 3 is proposed as a common assumption in RAN4.
Proposal 1: A simulation campaign is proposed for RAN4#95-e based on the UE architecture parameters in Table 3.
2.3 MPR/A-MPR

The existing PC3 requirement for MPR/A-MPR assumes a unit PA power 14 dBm. Unless this assumption is modified for a new FWA device, i.e., the peak EIRP/EIS is achieved only through the antenna gain (a combination of an element antenna gain and beam forming gain). As TRP upper bound is limited to 23 dBm, it may be a possible option to assume a higher number of lower power PA to achieve higher beam forming gain. In that case, lower MPR/A-MPR may be achieved to use more linear region of PA.
Observation 4: MPR/A-MPR can be reused if the PA assumption is the same as PC3. MPR/A-MPR can be reduced if a higher number of lower power PA is assumed in a new FWA UE architecture. 

2.4 Beam Correspondence

The beam correspondence requirement has been so far introduced to PC3. Lack of beam correspondence impacts the network capacity due to uplink beam sweeping, thus a similar beam correspondence requirement shall be specified to all the devices widely used in the network. Thus, the beam correspondence requirement shall be specified for the new FWA device. The work is in progress in Rel-16 to have beam correspondence requirement based on SSB only and CSI RS only configurations. These features shall be required to the new FWA devices as well. 
Observation 5: The beam correspondence requirement for the new FWA device shall be specified aligned with the outcome of Rel-16 work on the beam correspondence requirement.
2.5 Power class or UE capability
One of the issues in the WID is whether an existing power class is reused, or a new power class is introduced. There are many differences in device characteristics and behaviors between the new FWA and the exiting handheld PC3 devices. The proposed FWA device supports higher beam gain than PC3 with low mobility. Therefore, it is necessary for the network to distinguish these devices so that network can deploy better mobility and beam management. Instead of using the power class signaling, a new UE capability signaling may be introduced for that purpose. However, as summarized above, many UE RF requirements would be specified quite differently from the existing power class 3 UEs, thus it is much more straightforward to introduce a new set of UE requirements for a new power class from the specification point of view; furthermore it is easy that we can reuse the exiting signaling structure than introducing a brand new capability. 
Observation 6: Introduction of a new power class is the most straightforward way for network to distinguish the new FWA device from the existing power class UEs.
As we have not concluded UE RF requirements for the new FWA device with 23 dBm, this does not need to be agreed now but can be discussed later.
3
Conclusions 

In this contribution, 
Observation 1: The scope of this WI is to introduce the requirements for CPE type of device for fixed wireless access (FWA) that is installed by subscribers who is not aware of the radio network configuration (such as the location or direction of nearby base stations) so that the device is required to make its own beam management itself assisted by network according to 3GPP standards.

Observation 2: The new FWA devices architecture should be based on an increased number of antenna elements 8 or 16 and enhancement up to 6 and 9 dB is expected for min peak EIRP/EIS requirement. 

Observation 3: The %-tile for spherical coverage of the new FWA device should be around 70-75%.

Proposal 1: A simulation campaign is proposed for RAN4#95-e based on the UE architecture parameters in Table 3.

Observation 4: MPR/A-MPR can be reused if the PA assumption is the same as PC3. MPR/A-MPR can be reduced if a higher number of lower power PA is assumed in a new FWA UE architecture. 

Observation 5: The beam correspondence requirement for the new FWA device shall be specified aligned with the outcome of Rel-16 work on the beam correspondence requirement.

Observation 6: Introduction of a new power class is the most straightforward way for network to distinguish the new FWA device from the existing power class UEs.

4
References

[1] RP-200503 New WID on Introduction of FR2 FWA UE with maximum TRP of 23dBm for band n257 and n258, Softbank, RAN#87e
[2] TR 38.817-01
2

