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1	Introduction 

[bookmark: OLE_LINK1]In light of ever-increasing demand in network capacity and the anticipated ample spectrum availability for frequency above NR FR2 range, a study item on supporting NR from 52.6 GHz to 71 GHz [1] has been started in the early phase of Rel-17, which is then followed by a WID on extending current NR operation to 71 GHz approved in last plenary meeting [2]. As UE maximum output power capability is expected to be trending lower with increasing operation frequency, and the free space path loss is correspondingly moving higher, the UL dynamic range is seen highly contracted which could lead to an NR-based network operation without the need for UL transmit power control (TPC), in particular for 60 GHz and above frequency ranges. In this contribution, we share our views on why UL TPC for 60 GHz and above frequency ranges may potentially be omitted which could not only simplify the network operation on UL radio control, but also substantially reduce UE transmitter design complexity.                
2 Discussion

In cellular networks, UL TPC is a rather complicated mechanism which is composed of open loop power control during the initial access (PRACH process) and closed loop power control when UE is in connection with the network (PUSCH, PUCCH, and SRS). The two key parameters in determining the UL transmission power in UL TPC are PCMAX and PL as is shown in the following formula for open loop PRACH output power,

PPRACH = min{PCMAX, PPRACH,target + PL}
where PCMAX is UE’s maximum output power capability and PL is the path loss. For high frequency operation such as in NR FR2 or above frequency ranges, the PCMAX in general decreases with increasing frequency which has been seen in FR2 UE maximum output power requirements over the frequency bands from 28 GHz up to 43 GHz [3]. And such downward trend is expected to continue into the 60 GHz and above frequency ranges. On the other hand, the free space path loss (FSPL) elevates along with increasing frequency. Figure 2-1 illustrates the extrapolated UE PCMAX and FSPL over the frequency range from 28 GHz to 60 GHz. The decreasing gap between the two trend lines along with increasing frequency is an indication of UL dynamic range contraction. 
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Figure 2-1 Extrapolated UE PCMAX and FSPL over operation frequency
Observation 1: UE UL dynamic range is seen decreasing over increasing operation frequency.

Table 2-1 further provides a primitive link budget analysis for UE operating at 2GHz, 30GHz, and 60GHz to estimate the required power back-off from PCMAX to achieve a target SNR of 25 dB at gNB receiver.

	Frequency (GHz)
	2
	30
	60

	PCMAX (dBm)
	23
	22
	14

	BW (MHz)
	20
	100
	100

	Minimum distance to gNB (m)
	10
	10
	10

	FSPL (dB)
	58
	82
	88

	gNB REFSENS (dBm)
	-95
	-90
	-90

	SNR at gNB (dB)
	25
	25
	25

	UL signal power at gNB (dBm)
	-70
	-65
	-65

	Power reduction required (dB)
	35
	5
	-9



Table 2-1 Estimation of required power back-off from PCMAX to achieve 25dB SNR at gNB receiver 

It can be seen that at 60GHz operating frequency, the required power back-off from PCMAX is a negative value which means UE would always operate at PCMAX and UL TPC is essentially not required. Though this estimation only represents one particular operating scenario and the required power back-off for 60 GHz may turn into a positive value if we reduce the channel BW and communication distance as well as the SNR target, in our view it would not make much sense to downscale the UL channel BW and lower the SNR target just for the sake of allowing UE to back off its UL power which may have the benefit of power saving. On the other hand, having UE operating at PCMAX with maximum available channel BW over a short burst time could save more power than using narrower channel BW at a back-off power over a longer burst time as PA efficiency usually peaks at maximum output power.

Observation 2: UE at 60 GHz and above frequency ranges may always operate at PCMAX in order to achieve the desired SNR at gNB receiver.

Observation 3: It would not make much sense to downscale the UL channel BW and lower the SNR target at gNB receiver just for the sake of allowing UE to back off its UL power which may have the benefit of power saving.

Observation 4: Having UE operating at PCMAX with maximum available channel BW over a short burst time could save more power than using narrower channel BW at a back-off power over a longer burst time as PA efficiency usually peaks at maximum output power.    

Based on the above assessment, we think there is an opportunity for NR network operation at 60 GHz and above frequency ranges without the need of UL TPC which could bring substantial benefits on simplifying network operation for UL radio control as well as reducing UE transmitter design complexity. Therefore, we propose to include the scope of feasibility on UL TPC omission in the newly approved WID on extending current NR operation to 71 GHz [2].

Proposal: To include the scope of feasibility on UL TPC omission in the newly approved WID on extending current NR operation to 71 GHz

3	Conclusion

In this contribution, we share our views on why UL TPC for 60 GHz and above frequency ranges may potentially be omitted and propose to include the scope of feasibility on UL TPC omission in the newly approved WID on extending current NR operation to 71 GHz.

Observation 1: UE UL dynamic range is seen decreasing over increasing operation frequency.

Observation 2: UE at 60 GHz and above frequency ranges may always operate at PCMAX in order to achieve the desired SNR at gNB receiver.

Observation 3: It would not make much sense to downscale the UL channel BW and lower the SNR target at gNB receiver just for the sake of allowing UE to back off its UL power which may have the benefit of power saving.

Observation 4: Having UE operating at PCMAX with maximum available channel BW over a short burst time could save more power than using narrower channel BW at a back-off power over a longer burst time as PA efficiency usually peaks at maximum output power.

Proposal: To include the scope of feasibility on UL TPC omission in the newly approved WID on extending current NR operation to 71 GHz
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