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1	Introduction 
With the work item to specify NR operation in the 52.6 – 71 GHz frequency range approved during the RAN #90 meeting [1], the effort to define UE requirements for this topic begins during this meeting in RAN4. We highlight two key considerations associated with transmitter requirements in this contribution.

In OFDM networks with wide subcarrier spacing, the symbol timing becomes a challenge for RF control of transmitted power as well as settling times associated with switching operations, such as beam switch timing. This challenge increases in difficulty as numerology scales from 120 kHz in FR2 up to the 960 kHz option in the 52.6 – 71 GHz range. From the perspective of physical layer design, these transient constraints inform the timing relationships in the overall system. RAN1 has sent an LS on this topic in [3], and in this contribution we provide our initial views on the related aspects.
At 60 GHz the voltage and current combining methods are limited due to the wavelength. To overcome this issue, combining topologies are required to achieve larger output power. In this contribution we describe in subsection 2.1 the challenges for the PA and LNA design, while given a rough estimate of the expected output power for the PA and noise figure for the LNA when considering the wideband 60 GHz operation.
Considering that the UE UL dynamic range will be highly contracted in 60GHz and above frequency ranges due to the downward trend in UE maximum output power capability and increasing free space path loss (FSPL), the possibility of NR operation without UL transmit power control (TPC) has been brought up in last RAN4 meeting which may assume the benefit for simplifying the network operation on UL radio control and reducing UE transmitter design complexity [2]. In this contribution, we provide further analysis on the open loop power control and our reasoning for proposing to always set UE at maximum output power during initial access as a first step towards simplifying UL TPC for NR operation in 60GHz and above ranges.                            
2 Discussion
2.1		Power class
The frequency range for the existing FR2 bands extends from 24.25 to 28.35 GHz for the 28 GHz band group, from 30 to 43.5 GHz for the 39 GHz band group and newly, the band n262 from 47.2 to 48.2 GHz was introduced to the FR2 bands. The 60 GHz WI specifies the frequency range from 52.6 to 71 GHz, which targets to enable 18.4 GHz bandwidth. In the table below it can be seen that the 60 GHz band will require to cover approximately 30% fractional bandwidth, which is significantly higher compared to the rest of the FR2 bands. 



	NR band
	Frequency Range (MHz)
	Bandwidth (MHz)
	Fractional Bandwidth (%)

	
	
	
	
	

	n257
	26500
	-
	29500
	3000
	10.7
	

	n258
	24250
	-
	27500
	3250
	12.6
	

	n259
	39500
	-
	43500
	4000
	9.6
	

	n260
	37000
	-
	40000
	3000
	7.8
	

	n261
	27500
	-
	28350
	850
	3.0
	

	n262
	47200
	-
	48200
	1000
	2.1
	

	nXYZ
	52600
	-
	71000
	18400
	29.8
	


 
For 60 GHz the wide bandwidth at higher frequency becomes a challenge for the PA and LNA design, when aiming to achieve similar performance compared to the other FR2 bands.  At 60 GHz frequencies the voltage and current combining methods are limited due to the wavelength. In general terms, the overall size of the transistor cell must be kept less than about 1/10th of the wavelength. Therefore, combining topologies are required to achieve larger output power. 
Next, we shortly describe the challenges for the PA and LNA design, while given a rough estimate of the expected output power for the PA and noise figure for the LNA when considering the wideband 60 GHz operation.

Power amplifier (PA) challenges at 60 GHz
The design of high-power efficient PA becomes challenging due to the low power gain of transistors and low breakdown voltage at 60 GHz frequency. The power handling capability decreases with the downscaling of the CMOS technologies resulting in a reduction of the breakdown voltage of the CMOS transistors. A single stage implementation delivers low power gain because of the low maximum frequency operation fmax of the device. Additional stages are required to enable power combining and to increase the maximum saturated output power. However, the multi-stages designs introduce more power losses, while consuming higher dc power and thus limiting the maximum power added efficiency (PAE). 
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Figure 1: PA performance overview for all FR2 bands
Figure 1 shows an overview of the PA performance for all FR2 bands. The plot considers the parameters used for the estimation of the min. peak EIRP for the FR2 bands. Due to the challenge to obtain high output power at high frequency and based on mentioned observations, we expect a greater degradation on the output power for the 60 GHz band. The worse linearity of the PA will require a significant power back-off. From this extrapolation we expect a power degradation between 4.5 and 5.5 dB compared to band n262. It is also worth noticing that the fractional BW for 60 GHz is much larger compared to the other FR2 bands. This introduces an additional challenge to achieve wideband matching, while not compromising on the power gain of the wideband PA.
Observation 1: The worse linearity of the PA will require a significant power back-off. We expect a power degradation between 4.5 and 5.5 dB compared to band n262

Low Noise Amplifier (LNA) challenges at 60 GHz
The LNA is the first active block in the receiver chain and key component on the estimation of the noise performance of the whole system. The design of the LNA can be extremely challenging since it needs to achieve high gain, low noise and low dc power consumptions. Among these specifications, NF is one of the most elemental parameters. 
The larger the frequency, the more difficult is to achieve high power gain. Thus, multi- stages are required. For the LNA implementation a common-source configuration is usually adopted to achieve low supply voltage requirements. Traditionally, CS, CG and cascode are usually used as the first stage in LNA design. The main issue of additional stages is the increases on the noise contribution. The reduction of the noise contribution requires resonant inductors, which translates into larger area. Inductances and capacitances become more complex, due to increased losses in dielectric substrates and conductors, and to coupling effects, which become significant as the frequency rises
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Figure 2: LNA performance overview for all FR2 bands
An overview of the LNA NF performance for all FR2 bands is given in Figure 2. The overview considers the parameters used for the estimation of the min. peak EIS for the FR2 bands. As mentioned earlier, the multi-stage topologies are required to provide enough gain, which consume more power and area, and lead to poorer linearity and higher noise. This is one of the reasons that 60 GHz LNAs have poorer performance relative to low frequency LNAs.  LNAs suffer from low gain and high noise due to the transistors operating closer to their cutoff frequencies. Therefore, we expect a further degradation for the 60 GHz band NF. From this extrapolation the NF degradation is between 3.5 and 4.5 dB compared to band n262.
Observation 2: LNAs suffer from low gain and high noise due to the transistors operating closer to their cut-off frequencies. From this extrapolation the NF degradation is between 3.5 and 4.5 dB compared to band n262.
2.2		Transient requirements
The RAN1 LS in [3] contains the following information and questions:

	RAN1 would like to ask RAN4 on time required for gNBs and UEs operating in 52.6 GHz to 71 GHz to perform the following operations:
· Switching Tx beams
· Switching Rx beams
· Switching from DL to UL
· Switching from UL to DL 

In RAN1’s understanding, switching Tx/Rx beams was assumed to be in the order of 100ns (based on TR38.317-2 Section 9.10.2)”, which could be absorbed by the CP with subcarrier spacing supported for Rel-15/16 NR operating in FR2. RAN1 would like to ask RAN4 on whether similar assumption could be made for frequencies between 52.6 ~ 71 GHz and if not, what is the expected time required for Tx and Rx beam switching operations for both gNB and UEs.
Additionally, in RAN1’s understanding, switching from DL-to-UL or UL-to-DL requires up to 13792 Tc (=7.015 µsec) for Rel-15/16 NR operating in FR2 (as specified in 38.211 Section 4.3.2 based on R4-1805766). RAN1 would like to ask RAN4 on whether similar assumption could be made for frequencies between 52.6 ~ 71 GHz and if not, what is the expected time required for DL-to-UL and UL-to-DL switching operations for both gNB and UEs.
RAN1 would like to kindly ask RAN4 to provide information on the above questions. Please note that information on switching time may have impact to RAN1 design and specification and therefore RAN1 would benefit from obtaining this information as early as possible.



The justification section in the WID captures the goal of the overall activity as the following [1]:

	In order to minimize the specification burden and maximize the leverage of FR2 based implementations, 3GPP has decided to extend FR2 operation up to 71GHz with the adoption of one or more new numerologies (i.e., larger subcarrier spacings).



Applying this goal to transient and timing requirements, we observe that the general intention exists to leverage FR2 based implementation when realizing solutions for NR in the frequency range of 52.6 – 71 GHz.

Observation 3: In terms of RF hardware control timelines, leveraging of FR2 based implementations implies reusing FR2 requirements on switching between DL and UL as well as Tx/Rx beam switching delays.
On the other hand, with the introduction of optional numerologies with SCS of 480 kHz and 960 kHz, the benefits of reducing latency in the radio link by also studying RF architectures with improved transient performance should not be overlooked.

Figure 2-2 below illustrates the Rx-Tx switching timeline assuming the existing FR2 requirement is reused for the three numerologies applicable to NR 60 GHz.
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Figure 2-2: Rx-Tx switching timeline utilizing the FR2 requirement
We note that with increased numerology order (and reduced symbol length), the Rx-Tx transition time requires increasingly more gap symbols:  with 120 kHz the gap is ~1 symbol, with 480 kHz it is ~4 symbols, and with 960 kHz it is ~ 7 symbols.  By preserving the numerology-independent property of the Rx-Tx transition time in the specification we allow the UE implementation to leverage FR2 based architecture more effectively.

Proposal 1: For NR operation in the 52.6 – 71 GHz range, the Rx-Tx and Tx-Rx transition time shall reuse the FR2 value of 13792 Tc.
As mentioned earlier, a potential benefit to the overall latency budget can be realized with shorter Rx-Tx and Tx-Rx transition times in configurations with higher order numerology. RAN4 should study whether this is feasible as an optional capability.

Considering further the beam switch delay for Tx or Rx beams, we observe that the same reasoning applies as with Proposal 2.

Proposal 2: For NR operation in the 52.6 – 71 GHz range, the Tx and Rx beam switch delay shall reuse the FR2 assumption.
Given the much shorter beam switch delay than the Rx-Tx transition time, further reducing this delay in the physical layer design yields diminishing returns:  at 960 kHz SCS the FR2 assumption on beam switch delay is comparable to a 2-symbol gap.  Thus, we do not see a benefit in further studying to improve this parameter relative to the FR2 assumption.

Proposal 3: RAN4 should inform RAN1 that as a baseline the FR2 assumptions on Tx beam switching time, Rx beam switching time, Rx-Tx transition time, and Tx-Rx transition time shall be reused for NR operating in the 52.6 – 71 GHz frequency range. RAN4 should further ask RAN1 whether from the physical layer design perspective it is feasible to support an optionally shorter Rx-Tx/Tx-Rx transition time.
Based on the agreements above as well as further analysis, RAN4 should continue to discuss how to define the remaining time mask requirements in the RF specifications.

Transient requirements for power change and/or BW change can scale based on the fundamental agreement of the Tx-Rx transition time.  For example, if it is agreeable to reuse FR2 values for this parameter, then transient requirements can also follow the FR2 baseline.  When defining these requirements RAN4 should be aware of the device type and traffic pattern assumptions.  For example, a handset UE is most likely not expected to transmit over a long duration and over long bandwidth:  with the wide total channel bandwidth available in ther 52.6 - 71 GHz frequency range, more likely patterns will involve short-duration and wide bandwidth transmissions.  A similar argument can be extended to handset DL operation.  With bursty traffic dominating the handset usage scenarios, short transition times between UL and DL as well as between power control and/or bandwidth changes do not have as much significance on user experience when compared to fully utilized frequency-time domain resources, which might be a feature of wireless backhaul links over 60 GHz.

Observation 4: When defining transient requirements, such as Tx-Rx transition time and other transient periods, RAN4 should be aware of the device type and traffic pattern assumptions.
2.3		Open loop transmit power control
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. In last RAN4 meeting, we have illustrated the UE PCMAX versus FSPL trend lines over the frequency range from 28 GHz to 60 GHz where PCMAX at 60 GHz was extrapolated based on the current FR2 PC3 UE maximum output power requirements. However, the PCMAX values quoted are the peak EIRP which only represent the best-case scenario when the network is situated along the UE beam peak direction. Practically, in most cases the UE maximum output power seen by the base station would be lower than peak EIRP. In that regard, we have updated the figure by incorporating additional trend line for PC3 spherical coverage PCMAX (at 50% of EIRP CDF) which we consider would be a more practical PCMAX observed by the base station, as shown in Figure 2-1.     

The decreasing gap between the PCMAX and FSPL trend lines along with increasing frequency is a good indication of UL dynamic range contraction.  
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Figure 2-1 UE PCMAX versus FSPL over operation frequency

Table 2-1 further provides a primitive link budget analysis for UE operating at 60GHz to estimate the required power back-off from PCMAX at peak EIRP (14 dBm) and spherical coverage EIRP (1 dBm) to achieve a target SNR of 25 dB at gNB receiver for minimum distance at 10 meters and 1 meter respectively.

	Frequency (GHz)
	60
	60
	60
	60

	PCMAX (dBm)
	14
	1
	14
	1

	BW (MHz)
	100
	100
	100
	100

	Minimum distance to gNB (m)
	10
	10
	1
	1

	FSPL (dB)
	88
	88
	68
	68

	gNB REFSENS (dBm)
	-90
	-90
	-90
	-90

	SNR at gNB (dB)
	25
	25
	25
	25

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

	Power reduction required (dB)
	-9
	-22
	11
	-2



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 (spherical coverage EIRP) is a negative value even at 1m distance from base station which means UE would always operate at PCMAX. In the rare case where gNB is located at 1m away along with UE’s peak EIRP direction, 11dB power back-off from PCMAX may be applied.

Observation 5: UE at 60 GHz and above ranges may always operate at PCMAX in order to achieve the desired SNR at gNB receiver.

For open loop power control during initial access, the current FR2 absolute power requirement allows ±12dB tolerance in the top 12dB range from PCMAX. Based on the above analysis, we would expect UE output power to be within this range at all times. And at the absolute power upper tolerance would imply that UE will be operating at PCMAX.

Observation 6: The +12dB absolute power tolerance for open loop power control would imply that UE will be operating at PCMAX.

On the other hand, the -12dB absolute power lower tolerance may cause UE to be out of UL coverage range. In that case UE would need to gradually increase its output power till PRACH preamble can be decoded by the base station. This would mean a longer initial access process.

Observation 7: The -12dB absolute power tolerance for open loop power control may cause UE to be out of UL coverage range and prolong the initial access process. 

Based on the above observations, we can conclude that for NR operation in 60GHz and above ranges, having UE operating at maximum output power (Pmax) during initial access can provide the advantages of
· No need for UE to measure DL reference signal RSRP and estimate path loss to decide absolute output power which in practice is rather inaccurate anyway.
· Avoid the potential prolonged initial access time when UE absolute power is on the lower tolerance side.
· UE absolute power requirement is no longer needed. Pmax during initial access can be verified by the existing spherical EIRP measurements.

As the existing FR2 absolute power requirement for open loop power control does not look to be reliable and useful, we propose to simplify the open loop power control by always setting UE at Pmax during the initial access for NR operation at 60GHz and above ranges.

Proposal 4: For NR operation in 60GHz and above ranges, UE output power is always set at Pmax during the initial access.

3	Conclusion

In this contribution, we have provided a first estimate of the expected output power for the PA and NF for the LNA considering the challenges to support the wideband 60 GHz operation. We have also shared our initial view related transient requirements and an analysis on the open loop power control. In summary, we have made the following observations and proposals.

Observation 1: The worse linearity of the PA will require a significant power back-off. We expect a power degradation between 4.5 and 5.5 dB compared to band n262.
Observation 2: LNAs suffer from low gain and high noise due to the transistors operating closer to their cut-off frequencies. From this extrapolation the NF degradation is between 3.5 and 4.5 dB compared to band n262.
Observation 3: In terms of RF hardware control timelines, leveraging of FR2 based implementations implies reusing FR2 requirements on switching between DL and UL as well as Tx/Rx beam switching delays.
Observation 4: When defining transient requirements, such as Tx-Rx transition time and other transient periods, RAN4 should be aware of the device type and traffic pattern assumptions.
Observation 5: UE at 60 GHz and above ranges may always operate at PCMAX in order to achieve the desired SNR at gNB receiver.
Observation 6: The +12dB absolute power tolerance for open loop power control would imply that UE will be operating at PCMAX.
Observation 7: The -12dB absolute power tolerance for open loop power control may cause UE to be out of UL coverage range and prolong the initial access process. 
Proposal 1: For NR operation in the 52.6 – 71 GHz range, the Rx-Tx and Tx-Rx transition time shall reuse the FR2 value of 13792 Tc.
Proposal 2: For NR operation in the 52.6 – 71 GHz range, the Tx and Rx beam switch delay shall reuse the FR2 assumption.
Proposal 3: RAN4 should inform RAN1 that as a baseline the FR2 assumptions on Tx beam switching time, Rx beam switching time, Rx-Tx transition time, and Tx-Rx transition time shall be reused for NR operating in the 52.6 – 71 GHz frequency range. RAN4 should further ask RAN1 whether from the physical layer design perspective it is feasible to support an optionally shorter Rx-Tx/Tx-Rx transition time.
Proposal 4: For NR operation in 60GHz and above ranges, UE output power is always set at Pmax during the initial access.
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