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1. Introduction
The latest WID on extending current NR operation to 71GHz [1] was approved at RAN#91. Before that, 3GPP RAN studied requirements for NR beyond 52.6GHz up to 114.25GHz, potential use cases and deployment scenarios, and NR system design requirements and considerations on top of regulatory requirements as captured in [2]. 
In this contribution UE RF related aspects are discussed.
2. Discussion
Achievable power and Power Class(es) 
Practically achievable maximum transmit power for NR on 52.6-71 GHz depends on the number of practical implementation imperfections while also ensuring that number of different requirements like spectrum emission mask (SEM), occupied bandwidth (OBW), modulation quality measured in terms of EVM (Error Vector Magnitude) and in-band emissions (IBE) are met. We have done MPR (Maximum Power Reduction) simulations for a Power class 3 UE (max. 23 dBm transmission power) using practical PA model to analyse how much the maximum UE Tx power may need to be reduced for meeting these requirements and which of the requirement is the limiting factor for the achievable UE Tx power. In previous meeting we have provided examples of achievable output power by MPR simulations [3], where UE was required to meet current FR2 requirements. 
As discussed in [3], phase noise is limiting link performance especially with higher order modulations. These MPR simulation results show that the achievable maximum transmit power is often limited by the EVM performance especially with the higher order modulations. Also, phase noise is a significant contributor to EVM. In order to avoid further coverage reductions due to poor phase noise performance and large MPR for meeting the EVM requirements, it would be important to design NR from 52.6 GHz to 71 GHz so that phase noise degradations in link performance can be minimized.
[bookmark: _Hlk54351566]Achievable UE output power was also evaluated for different array sizes. The results have been captured to table 1.
Table 1: Achievable UE output power for different array sizes
	Parameter
	Unit
	Value

	# ant elements per polarization
	
	2
	4
	8
	16

	Avg. element gain (per polarization)
	dBi
	4
	4
	4
	4

	Antenna roll-off loss vs frequency
	dB
	-1
	-1
	-1
	-1

	Antenna efficiency
	dB
	-2
	-2
	-2
	-2

	Realized antenna array gain per polarization
	dBi
	4.0
	7.0
	10.0
	13.0

	Polarization gain
	dB
	2.8
	2.8
	2.8
	2.8

	P1dB per PA
	dBm
	14
	14
	14
	14

	back-off from P1dB
	dB
	6
	6
	6
	6

	TRP
	dBm (rms)
	11.0
	14.0
	17.0
	20.1

	EIRP
	dBm (rms)
	14.8
	20.9
	26.9
	32.9



Any additional implementations losses would naturally lower either EIRP or both of the TRP and EIRP metrics.
From the analysis it can be observed that as long as implementation losses are kept in control it is possible to achieve reasonable output powers. It should be noted that P1dB used in the table may be conservative compared to P1dB achievable from e.g. CMOS technology. Therefore, it can be considered that front-end losses are captured in the analysis already by choosing a low output power per PA.
Observation 1: Implementation losses need special attention to guarantee high EIRP output and therefore good UL link budget. 
Proposal 1: RAN4 strives to keep UE implementation loss budget reasonably small for NR operation above 52.6 GHz to ensure good UL link budget.
RAN4 have received an LS from RAN1 [4] stating that RAN1 has assumed the following UE hardware limits:
· Maximum UE Conducted Power = 21 dBm
· Maximum UE EIRP = 25 dBm
RAN1 is asking RAN4 whether or not RAN4 will specify UE power class(es) with larger values for maximum UE conducted power and maximum UE EIRP than the ones listed above and if so, what are the pair(s) of maximum values for conducted power and EIRP that are feasible.
When considering unlicensed deployments, it is suggested to align transmit power to the ETSI EN 303 753 harmonized standard [5]. In here the allowed Tx powers are defined as given in Table 2:
Table 2: Maximum RF output power and spectral density [4]
	Maximum power level EIRP
	40 dBm

	Maximum power at antenna port or ports
	27 dBm

	Maximum TRP
	27 dBm

	Maximum power spectral density (EIRP)
	23dBm/MHz



Proposal 2: For an unlicensed NR band adopt the power limits given in Table 2 as a baseline
As seen from the limits given in Table 2 it is not obvious which, if any, of the existing power classes in 38.101-2 can be reused for an unlicensed NR band. Also, UE spherical coverage is currently not addressed in the ETSI EN 303 753 harmonized standard [5] why further discussion is needed in RAN4 before a power class can be determined for an unlicensed NR band.
Both achievable EIRP and receiver sensitivity have a dependence on the antenna array size. It would be therefore beneficial to discuss what are typical array sizes for the targeted device form factors and/or power classes.
Proposal 3: Further discuss which, if any, of the existing power classes in 38.101-2 can be reused for an unlicensed NR band or a new power class is needed. As basis for power class definition, it is beneficial to discuss what are representative antenna array sizes in this frequency range.
Since there are no clear regulative basis for any licensed NR band in the range 52.6GHz – 71GHz it is suggested to wait with further discussion on RF output limits until spectrum availability becomes clear and regulations is available.
[bookmark: _Hlk67399522]Proposal 4: Postpone discussing RF output limits for a licensed band until spectrum and regulations becomes available.
Co-existence study 
One major part of the work in defining requirements for a new frequency range is to run co-existence simulations to find out what is the required ACLR and ACS performance required to guarantee co-existence between operators in the network. Co-existence study for 45 GHz and 70 GHz frequency range was already done as part of NR study item, and the parameters used in the study reflect the device characteristics sufficiently well. Therefore, we propose that no new co-existence simulation study is done, but instead the applicable ACLR and ACS performance for UEs is extracted from co-existence study results documented in TR 38.803. Note that the required ACIR values for channel bandwidth wider than 200MHz (which was used in the NR study item) should be smaller considering the relatively impact of the ACI on the higher noise floor with the wider receive bandwidth, so there should be no issue to use the ACLR and ACS values from the NR study item for channel bandwidth wider than 200MHz.
Observation 2: Co-existence study for this frequency range has already been documented in TR 38.803
Proposal 5: Extract the ACLR and ACS requirements from TR 38.803 for licensed operation
When considering unlicensed deployments, it is suggested to also consider alignment the ETSI EN 303 753 harmonized standard. However, the requirements related to ACLR and ACS have not yet been included. Therefor a starting point could be to consider 802.11 ad/ay to ensure co-existence in the shared spectrum.
Proposal 6: Consider ACLR and ACS requirements aligned to ETSI EN 303 753 harmonized standard and/or 802.11 ad/ay for unlicensed operation.
Measurement bandwidths
In RAN4#97-e a way forward was agreed that observations on potential measurement bandwidth step increases can be captured in the SI [6]. Firstly, it is important to note that spectrum regulations may specify emission limits with specific measurement bandwidth and therefore regulations need to be taken into account when measurement bandwidth is considered.
Observation 3: Regulations need to be taken into account when measurement bandwidth is considered.
From technical perspective, measurement bandwidth should be reasonable compared to the bandwidths of the spectral components that are intended to be captured. If the intention is to observe the very highest peak of a wideband emission, narrow measurement bandwidth is still needed. If the intention is more to capture the total power of some spectral content, then it is sufficient that measurement bandwidth is similar to the signal to be captured. 

For NR operation from 52.6 to 71 GHz, subcarrier spacings range from 120 kHz to 960 kHz. Therefore, the bandwidth of a single resource block, consisting of 12 subcarriers, ranges from 1.44 MHz to 11.52 MHz. For these RB bandwidths, 3rd order intermodulation component resulting from 1RB allocation can extend up to 4.32 to 34.56 MHz. Therefore, using 1 MHz measurement bandwidth does not seem reasonable especially for wide subcarrier spacings.

Observation 4: Emissions due to non-linearities are typically much wider than the common 1 MHz measurement bandwidth and increasing MBW appears practical especially for wide subcarrier spacings, like 960 kHz.

Proposal 7: Consider specifying wider measurement bandwidth than 1 MHz at least for 960 kHz SCS in case regulatory requirements allow it.

Beam switching
RAN1 has sent a LS to RAN4 asking feedback on switching times between beams and UL-DL direction [7]. In the LS RAN1 has asked what is the 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 
Next, the switching are discussed individually.
[bookmark: _Hlk67567722]gNB Tx and Rx beam switching time
Analog beam switching was studied as part of the SI and conclusions from BS perspective were captured into TR 38.808 [7], taking into account both the time for analog components to change state and timing inaccuracy of control interface. The outcome was that to avoid performance degradations switching should take place in or less than 59 ns time window. There are phase shifter technologies which can react in approximately 10 ns, leaving sufficient time for the possible delays in the control interface and no explicit switching gap is needed between successive SSB blocks. Based on this analysis, it was further concluded that both 480 kHz and 960 kHz SCS are feasible from beam switching point of view.
While the study conclusions do not provide a single agreed value for Tx and Rx beam switching times, they indicate the maximum time, i.e. minimum performance that is achievable. Therefore, the following reply to RAN1 is suggested for gNB Tx and Rx beam switching times
	RAN4 has studied Tx and Rx beam switching times and concluded that beam switching can take place in less than 80% of the cyclic prefix length of 960 kHz SCS, i.e. less than 59 ns, which according to RAN4 analysis prevents degradations to system performance.
Proposal 8: RAN4 to reply to RAN1 aligned with study item conclusions that gNB beam switching can take place in less than 59 ns (i.e. 50 ns).
UE beam switching 
When it comes to switching times inside a UE, the device dimensions are noticeably smaller than for base stations. This provides opportunities lower inaccuracies than in gNBs. Additionally, UE transmission power levels are significantly lower than for gNBs, resulting in easier handling of transient events during the beam switch. On the other hand, UE component selection may need to consider more cost and efficiency considerations compared to gNBs.  Considering enabling re-use of FR2 UE implementations it is overall beneficial to re-use the UE beam switching times from current FR2.
Observation 5: UE beam switching times from FR2 can be re-used 
UL-to-DL and DL-to-UL switching time
When looking at TDD frame structures, special slots with guard period takes place only for DL-to-UL transition, to allow time for signal propagation from BS-to-UE and give time for UE to prepare to transmit. However, no extra gap is reserved for UL-to-DL transition, i.e. gNB is expected to transmit immediately after it receives signal from the UE. Therefore, in current FR2 the maximum gNB turnaround time can be as long as the allowed transient period of 3us. 
In [9] RAN4 has responded to RAN1 that UE transitions time in FR2 is 7us, which is 2us longer than the allowed UE transient period.  Part of the study item outcome in [8] it was documented that improvement on transient times will be evaluated with final agreement taking place in the WI. However, considering that transient time cannot be shortened in same relationship as symbol time is shortened when moving to 480 kHz and 960 kHz. Therefore, impacts due to slow transient time are unavoidable. Considering enabling re-use of FR2 implementations it is overall beneficial to re-use the transient times from current FR2  
Proposal 9: Re-use UE transient time from current FR2.
3. Conclusion
In this contribution, we discuss UE Tx RF aspects for a NR band in the range 52.6GHz – 71GHz. We have made following observations and proposals:
Observation 1: Implementation losses need special attention to guarantee high EIRP output and therefore good UL link budget. 
Proposal 1: RAN4 strives to keep UE implementation loss budget reasonably small for NR operation above 52.6 GHz to ensure good UL link budget.
Proposal 2: For an unlicensed NR band adopt the power limits given in Table 2 as a baseline
Proposal 3: Further discuss which, if any, of the existing power classes in 38.101-2 can be reused for an unlicensed NR band or a new power class is needed. As basis for power class definition, it is beneficial to discuss what are representative antenna array sizes in this frequency range.
Proposal 4: Postpone discussing RF output limits for a licensed band until spectrum and regulations becomes available.
Observation 2: Co-existence study for this frequency range has already been documented in TR 38.803
Proposal 5: Extract the ACLR and ACS requirements from TR 38.803 for licensed operation
Observation 4: Emissions due to non-linearities are typically much wider than the common 1 MHz measurement bandwidth and increasing MBW appears practical especially for wide subcarrier spacings, like 960 kHz.

Proposal 7: Consider specifying wider measurement bandwidth than 1 MHz at least for 960 kHz SCS in case regulatory requirements allow it.

Proposal 8: RAN4 to reply to RAN1 aligned with study item conclusions that gNB beam switching can take place in less than 59 ns (i.e. 50ns).
Observation 5: UE beam switching times from FR2 can be re-used
Proposal 9: Re-use UE transient time from current FR2.
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Parameter  Unit  Value  

# ant elements per  polarization   2  4  8  16  

Avg. element gain  (per polarization)  dBi  4  4  4  4  

Antenna roll - off  loss vs frequency  dB  - 1  - 1  - 1  - 1  

Antenna efficiency  dB  - 2  - 2  - 2  - 2  

Realized antenna  array gain per  polarization  dBi  4.0  7.0  10.0  13.0  

Polarization gain  dB  2.8  2.8  2.8  2.8  

