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1	Introduction
On RAN4#86Bis, with the further discussion and more clear understanding on the use case for Fixed Wireless Access (FWA) UE [1][2], RAN4 agree to further study FWA’s impact on minimum output power, which is highlighted in the following agreements provided in WF [3]:
	Way Forward [3]:
· RF requirement for FWA UE type (55dBm EIRP, operating in stationary location) shall be finalized in RAN4 #87: 
· Expected RF requirement changes for new FWA UE:
	Section Name
	Expected RF requirement changes for FWA UE type
(max 55dBm EIRP, operating in stationary location)

	Section 5.2 Operating Bands
	No

	Section 5.3 Channel bandwidth
	No

	Section 5.4 Channel arrangement
	No

	Section 6.2 Transmitter power
	Yes, for power class definition and MPR/A-MRP requirements

	Section 6.3 Output power dynamic
	FFS for the impact on minimum output power

	Section 6.4 Transmit signal quality
	FFS for modulation schemes and parameters for EVM

	Section 6.5 Output RF spectrum emissions
	No

	Section 7.2 Diversity characteristics
	No

	Section 7.3 Reference sensitivity power level
	Yes, and REFSENS is needed to be reevaluated

	Section 7.4 Maximum input level
	No

	Section 7.5 Adjacent Channel Selectivity
	Dependent on REFSENS

	Section 7.6 Blocking characteristics
	Dependent on REFSENS

	Section 7.7 Spurious response
	No

	Section 7.9 Spurious emissions
	No

	Section 7.10 Receiver image
	No






To continue this discussion with the target of finalizing the minimum output power requirement for FWA UE type, in this paper, we would like to provide our analysis and understanding on this topic, specifically the applicable output power for mmWave FWA UE type will be proposed accordingly. It should be noted that this paper can be regarded as the building block in our accompanying paper [4] which targets to finalize all related RF requirement not completed for FWA UE type. 
2 Discussion
2.1.	Minimum Output Power Requirement for Handheld UE
As captured in TS38.101-2 as below, RAN4 agree to the FR2 minimum output power should be -13dBm for EIRP regardless of channel bandwidth up to 400MHz from system level perspective and also UE implementation complexity. 

	[bookmark: _Toc510693665]6.3.1	Minimum output power
The minimum controlled output power of the UE is defined as the power in the channel bandwidth for all transmit bandwidth configurations (resource blocks) when the power is set to a minimum value.
The minimum output power is the EIRP [measurement details TBD]. The minimum output power shall not exceed the values specified in Table 6.3.1-1 for each operating band supported. The minimum power is verified in beam locked mode on the beam peak direction.
Table 6.3.1-1: Minimum output power
	Operating band
	Channel bandwidth
(MHz)
	Minimum output power
(dBm)
	Measurement bandwidth
(TBD)

	n257, n258, n260, n261
	50
	-13
	

	
	100
	-13
	

	
	200
	-13
	

	
	400
	-13
	






Based on our understanding, -13dBm minimum output power in terms of EIRP is derived based on the MCL analysis considering a certain minimum allowable distance between UE and gNB [5] [6], in which the required output power is derived based on the assumption of required SINR at gNB, antenna configuration for both gNB and UE sides, and the distance between UE and gNB. 
Considering the active antenna systems used by FWA UE will employ more elements to achieve higher antenna gain, it could be natural to relax FWA minimum output power requirement from handheld UE. Considering the peak EIRP proposed is increased from 22.4dBm to 36dBm approximately, we could expect that increasing around 14dB for FWA UE’s minimum output power could maintain the same level of dynamic range as handheld UE. 
Observation 1: Minimum output power required for FWA UE should be increased to maintain the same level of dynamic range as handheld UE. 

2.3.	FWA Minimum Output Power from MCL analysis
As emphasized in our previous paper [1], FWA UE type with 55dBm peak EIRP limit will be deployed and installed by professional technicians, rather than by customers. In other words, we can expect that FWA UE type be installed in the proper geographical position, rather than random location as handheld UEs. 
The above understanding for FWA deployment should be taken into account for MCL analysis. As demonstrated in the below table, we propose to use 10 meter as the minimum distance between FWA UE and gNB, compared with 2meter used for handheld UE [5]. We believe it is reasonable assumption that professional technician will install FWA UE at least 10 meters away from gNB. As the result for comparison reference, we take the MCL analysis for handheld UE from [5], and it should be noted that similar analysis in [6] provided the similar observation but with different assumptions for target SINR and pathloss. Furthermore, from our understanding, QPSK is selected in handheld UE MCL analysis since it need lower minimum output power, while only the minimum output power corresponding to 400MHz channel bandwidth (i.e., -13dBm in terms of EIRP) is selected as the requirements for all channel bandwidth options due to testability discussion. 

Table-1: MCL analysis for FWA UE (compared with handheld UE [5])
	 
	Handheld UE [5]
	FWA

	Operating bands
	28GHz

	BW (use maximum BW to get minimum power)
	400MHz

	NF of gNB receiver
	9dB

	Noise floor of gNB receiver
	-174dBm/Hz + 10logBW + NF = -174dBm/Hz + 10log(400*106) + 10 = -79dBm/ 400MHz

	SNR target including implementation loss
	15dB

	Wanted Conducted Signal Level
	-64.0dBm

	gNB element gain
	8 dBi

	gNB number of antenna elements
	128

	gNB total antenna gain
	29.1dB ( i.e. 8dBi + 10log(128) )

	Needed RX power at LNA input
	-93.1dBm

	BS set point margin
	10dB

	Required RX power at BS
	-83.1

	Minimum distance between UE and gNB
	2m
	10m

	Pathloss 
	67.4dB
	81.3dB

	Polarization gain
	3dB
	3dB

	UE required EIRP (dual polarization)
	-12.7dBm
	1.2dBm

	UE antenna gain
	11dB (i.e. 5dBi + 10log4)
	17dB (i.e. 5dBi + 10log16)

	UE required conductive power (dual polarization)
	-23.7dBm
	-15.8dBm

	Maximum total conducted power
	23dBm
	29dBm

	Dynamic range
	46.7dB
	44.8dB



Based on the above analysis, we can see that the UE required EIRP is about 1.2dBm. By considering the increased UE antenna gain for FWA UE, the maximum total conducted power can be increased to -15.8dBm, which gives the similar dynamic range (in terms of 40+dB) as normal handheld UEs. Based upon the analysis into account, we observed that 1dBm shall be chosen as the minimum output power in terms of EIRP, which regarded as the proper value by achieving reasonable output power dynamic comparable to handheld UE and the satisfactory link performance when FWA UE is installed near to gNB (i.e., 10 meter away). 
Observation 2: The minimum output power of 1dBm EIRP can achieve reasonable output power dynamic comparable to handheld UE and the satisfactory link performance when FWA UE is installed near to gNB (i.e., 10 meter away). 

With the above analysis taken into account, the following proposal can be reached:
Proposal 1: Specify the minimum output power requirement for FWA as 1dBm in terms of EIRP (compared with -13dBm for handheld UE). 

3 Conclusion
In this paper, we provided our analysis and understanding on this topic, specifically the applicable output power for mmWave FWA UE type, with the following observation and proposals: 
Observation 1: Minimum output power required for FWA UE should be increased to maintain the same level of dynamic range as handheld UE. 
Observation 2: The minimum output power of 1dBm EIRP can achieve reasonable output power dynamic comparable to handheld UE and the satisfactory link performance when FWA UE is installed near to gNB (i.e., 10 meter away). 
Proposal 1: Specify the minimum output power requirement for FWA as 1dBm in terms of EIRP (compared with -13dBm for handheld UE). 
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