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Introduction
In this paper we analyze and propose various requirements for the UE in n263
Transmission bandwidth configuration
IN the last RAN4 meeting the following table was agreed as a working assumption in RAN4.

	SCS (kHz)
	100 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	
	NRB
	NRB
	NRB
	NRB
	NRB

	120
	66
	264
	N/A
	N/A
	N/A

	480
	N/A
	66
	132
	264
	N/A

	960
	N/A
	33
	66
	132
	[156]



Proposal: Use the NRB table values for FR2-2 transmission bandwidth requirements, with [] removed from 156.

Transmit OFF power
Proposal: Use the table in 38.101-2 to specify the FR2-2 TX OFF power. Note the value is -35 dBm in the measurement bandwidth.
Table 6.3.2-1: Transmit OFF power
	Operating band
	50 MHz
	100 MHz
	200 MHz
	400 MHz
	800 MHz
	1600 MHz
	2000 MHz

	n257, n258, n259, n260, n261, n262
	-35
	-35
	-35
	-35
	N/A
	N/A
	N/A

	
	47.58 MHz
	95.16 MHz
	190.20 MHz
	380.28 MHz
	N/A
	N/A
	N/A

	n263
	N/A
	-35
	N/A
	-35
	-35
	-35
	-35

	
	N/A
	95.16 MHz
	N/A
	380.28 MHz
	760.32 MHz
	1520.64 MHz
	1797.12 MHz




PRACH Time Mask
RAN1 has agreed that PRACH may use 120, 480, or 960 kHz SCS. We can specify the measurement time period in the same table for FR2-1 and -2. 
Proposal: PRACH ON power measurement period table should be updated for 480 and 960 SCS as shown.

Table 6.3.3.4-1: PRACH ON power measurement period
	Format
	SCS
	Measurement period
	Note

	A1
	60 kHz
	0.035677 ms
	

	
	120 kHz
	0.017839 ms
	

	
	480 kHz
	0.004460 ms
	

	
	960 kHz
	0.002230 ms
	

	A2
	60 kHz
	0.071354 ms
	

	
	120 kHz
	0.035677 ms
	

	
	480 kHz
	0.008919 ms
	

	
	960 kHz
	0.004460 ms
	

	A3
	60 kHz
	0.107031 ms
	

	
	120 kHz
	0.053516 ms
	

	
	480 kHz
	0.013379 ms
	

	
	960 kHz
	0.006690 ms
	

	B1
	60 kHz
	0.035091 ms
	

	
	120 kHz
	0.0175455 ms
	

	
	480 kHz
	0.004386 ms
	

	
	960 kHz
	0.002193 ms
	

	B4
	60 kHz
	0.207617 ms
	

	
	120 kHz
	0.103809 ms
	

	
	480 kHz
	0.025952 ms
	

	
	960 kHz
	0.012976 ms
	

	A1/B1
	60 kHz
	0.035677 ms for front X1 occasion
0.035091 ms for last occasion
	X1 = [2,5]

	
	120 kHz
	0.017839 ms for front X1occasion
0.017546 ms for last occasion
	X1 = [2,5]

	
	480 kHz
	  0.004460 ms for front X1 occasion
 0.004387 ms for last occasion
	X1 = [2,5]

	
	960 kHz
	0.017839 ms for front X1occasion
0.017546 ms for last occasion
	X1 = [2,5]

	A2/B2
	60 kHz
	0.071354 ms for front X2 occasion
0.069596 ms for last occasion
	X2 = [1,2]

	
	120 kHz
	0.035677 ms for front X2 occasion
0.034798 ms for last occasion
	X2 = [1,2]

	
	480 kHz
	0.008919 ms for front X2 occasion
0.008700 ms for last occasion
	X2 = [1,2]

	
	960 kHz
	0.004460 ms for front X2 occasion
0.004350 ms for last occasion
	X2 = [1,2]

	A3/B3
	60 kHz
	0.107031 ms for first occasion
0.104101 ms for second occasion
	

	
	120 kHz
	0.053515 ms for first occasion
0.052050 ms for second occasion
	

	
	480 kHz
	0.013379 ms for first occasion
0.013013 ms for second occasion
	

	
	960 kHz
	0.006689 ms for first occasion
0.006506 ms for second occasion
	

	C0
	60 kHz
	0.026758 ms
	

	
	120 kHz
	0.013379 ms
	

	
	480 kHz
	0.003345 ms
	

	
	960 kHz
	0.001672 ms
	

	C2
	60 kHz
	0.083333 ms
	

	
	120 kHz
	0.0416667 ms
	

	
	480 kHz
	0.010417 ms
	

	
	960 kHz
	0.005208 ms
	

	NOTE:	For PRACH on PRACH occasion start from begin of 0ms or 0.5 ms boundary, the measurement period will be increased by 0.032552 μs




Absolute, Relative, and Aggregate Power Tolerance
Power tolerance is a function of the complexity and variance in the UE transmitter chain. For FR2-2 it may be necessary to use one more upconversion in the TX chain, as compared to FR2-1. This can lead to more variability across power settings. To specify FR2-2 power tolerance one approach is to use the requirements for FR2-1 as a working assumption, and allow for more exceptions due to increased TX path variability.
The FR2-1 sections are shown below for convenience.
The minimum requirements specified in Table 6.3.4.2-1 apply in the power range bounded by the minimum output power as specified in sub-clause 6.3.1 ('Pmin') and the maximum output power as specified in sub-clause 6.2.1 as minimum peak EIRP ('Pmax').
Table 6.3.4.2-1: Absolute power tolerance
	Power Range
	Tolerance

	Pint ≥ P ≥ Pmin
	± 14.0 dB

	Pmax ≥ P > Pint
	± 12.0 dB



Table 6.3.4.2-2: Intermediate power point
	Power Parameter
	Value

	Pint
	Pmax – 12.0 dB



Proposal: Use the same FR2-1 absolute power tolerance and Pint for FR2-2 as a working assumption, with possibly more exceptions.
Relative power tolerance
Are we ok with the FR2-1 formulation?
Table 6.3.4.3-1: Relative power tolerance, Pint ≥ P ≥ Pmin
	Power step ∆P (Up or down)
 (dB)
	All combinations of PUSCH and PUCCH, PUSCH/PUCCH and SRS transitions between sub-frames, PRACH (dB)

	ΔP < 2
	±5.0

	2 ≤ ΔP < 3
	±6.0

	3 ≤ ΔP < 4
	±7.0

	4 ≤ ΔP < 10
	±8.0

	10 ≤ ΔP < 15
	±10.0

	15 ≤ ΔP
	±11.0

	NOTE:	The requirements apply with ue-BeamLockFunction enabled.



Table 6.3.4.3-2: Relative power tolerance, PUMAX ≥ P > Pint
	Power step ∆P (Up or down)
 (dB)
	All combinations of PUSCH and PUCCH, PUSCH/PUCCH and SRS transitions between sub-frames, PRACH (dB)

	ΔP < 2
	± 3.0

	2 ≤ ΔP < 3
	± 4.0

	3 ≤ ΔP < 4
	± 5.0

	4 ≤ ΔP < 10
	± 6.0

	10 ≤ ΔP < 15
	± 8.0

	15 ≤ ΔP
	± 9.0

	NOTE 1:	The requirements apply with ue-BeamLockFunction enabled.
NOTE 2:	For PUSCH to PUSCH transitions with the allocated resource blocks fixed in frequency and no transmission gaps other than those generated by downlink subframes, guard periods: for a power step ΔP = 1 dB, the relative power tolerance for transmission is ± 1.0 dB.



Proposal: Use the same FR2-1 relative power tolerance and Pint for FR2-2 as a working assumption, with possibly more exceptions. 
Aggregate power tolerance
Table 6.3.4.4-1: Aggregate power tolerance, Pint ≥ P ≥ Pmin
	TPC command
	UL channel
	Aggregate power tolerance within 21 ms

	0 dB
	PUCCH
	± 5.5 dB

	0 dB
	PUSCH
	± 5.5 dB



Table 6.3.4.4-2: Aggregate power tolerance, Pmax ≥ P > Pint
	TPC command
	UL channel
	Aggregate power tolerance within 21 ms

	0 dB
	PUCCH
	± 3.5 dB

	0 dB
	PUSCH
	± 3.5 dB



Proposal: Use the same FR2-1 aggregate power tolerance and Pint for FR2-2 as a working assumption, with possibly more exceptions. 

EVM
EVM percentages
It is reasonable to adopt the same EVM %age levels as FR2-1. Those values are shown here for convenience.
Table 6.4.2.1-1: Minimum requirements for error vector magnitude
	
Parameter
	Unit
	Average EVM level
	Reference signal EVM level

	Pi/2 BPSK 
	%
	30.0
	30.0

	QPSK 
	%
	17.5
	17.5

	16 QAM 
	%
	12.5
	12.5

	64 QAM 
	%
	8.0
	8.0



Proposal: Use the FR2-1 EVM percentages for n263.
EVM Applicable power ranges
In FR2-2 the EVM range will be reduced as compared to FR2-1. For bandwidths > 400 MHz the noise power will increase and become a more significant factor in the EVM. To reflect this EVM degradation effect the minimum EVM power level should be dB-scaled from 400 MHz. 
Proposal: Scale the minimum EVM power level from 400 MHz for noise BW. 3 dB for 800 MHz, 6 dB for 1600 MHz, 7 dB for 2000 MHz.
   
PTRS processing for EVM
RAN4 agreed that PTRS processing should be part of the EVM requirement for modulation order higher than 16QAM, and possibly for 16QAM and lower modulation order. Based on that:
Proposal: RAN4 to further discuss how to capture PTRS processing in EVM requirement.
TRP
Carrier Leakage
Power class 1
Table 6.4.2.2.2-1: Minimum requirements for relative carrier leakage power for power class 1
	Parameters
	Relative Limit (dBc)

	EIRP > 17 dBm
	-25

	4 dBm ≤ EIRP ≤ 17 dBm
	-20



Proposal: Use the values in the table above for n263 PC1 relative carrier leakage requirements.
Power class 2
Table 6.4.2.2.3-1: Minimum requirements for relative carrier leakage power for power class 2
	Parameters
	Relative Limit (dBc)

	EIRP > 6 dBm
	-25

	-13 dBm ≤ EIRP ≤ 6 dBm
	-20



Proposal: Use the values in the table above for n263 PC2 relative carrier leakage requirements.
Power class 3
Table 6.4.2.2.4-1: Minimum requirements for relative carrier leakage power for power class 3
	Parameters
	Relative Limit (dBc)

	EIRP > 0 dBm
	-25

	-13 dBm ≤ EIRP ≤ 0 dBm
	-20



Proposal: Use the values in the table above for n263 PC1 relative carrier leakage requirements.
 Inband emissions
For inband emissions we propose to start with the FR2-1 requirements for PC1-3 and modify them for use in n263. Specifically:
Inband emissions proposals:
· Use the same general in-band emissions limit as FR2-1
· Modify the carrier leakage power limits, using the limits shown in the previous section tables for PC1-3
· Modify the IQ image values, adding 10 dB to the carrier leakage power limits. This is the same method used in FR2-1.

Spectrum emission mask
In a previous RAN4 meeting the agreement was to use the FR2-1 spec table method and extend it to FR2-2. The table below does that.
Table 6.5.2.1-1: General NR spectrum emission mask for frequency range 2.
	Spectrum emission limit (dBm) / Channel bandwidth

	ΔfOOB
(MHz)
	50
MHz
	100
MHz
	200
MHz
	400
MHz
	800
MHz
	1600
MHz
	2000
MHz
	Measurement bandwidth

	 0-5
	-5 
	-5
	-5
	-5
	-5
	-5
	-5
	1 MHz 

	 5-10
	-13
	-5
	-5
	-5 
	-5 
	-5 
	-5 
	1 MHz

	 10-20
	-13
	-13
	-5
	-5 
	-5 
	-5 
	-5 
	1 MHz

	 20-40
	-13
	-13
	-13
	-5
	-5
	-5
	-5
	1 MHz

	 40-80
	-13
	-13
	-13
	-13
	-5
	-5
	-5
	1 MHz

	 840-100
	-13
	-13
	-13
	-13
	-13
	-5
	-5
	1 MHz

	 100-200160
	
	-13
	-13 
	-13 
	-13 
	-5
	-5
	1 MHz

	 160-200
	
	
	-13
	-13
	-13
	-13
	-5
	1 MHz

	 200-400
	

	
	-13 
	-13 
	-13 
	-13 
	-13
	1 MHz

	 400-800
	
	
	
	-13 
	-13 
	-13 
	-13 
	1 MHz

	 800-1600
	
	
	
	
	-13
	-13
	-13
	1 MHz

	 1600-3200
	
	
	
	
	
	-13
	-13
	1 MHz

	 3200-4000
	
	
	
	
	
	
	-13
	1 MHz

	NOTE 1: Void



Proposal: Use the modified SEM table for the FR2-2 general SEM requirement.
 Spurious Emissions, Coexistence, and Additional Spurious
Spurious domain boundary. 
Proposal: For n263 use 2x the CCBW as the spurious domain, as in FR2-1. 
Table 6.5.3-1: Boundary between NR out of band and spurious emission domain
	Channel bandwidth
	50
MHz
	100
MHz
	200
MHz
	400
MHz
	800
MHz
	1600
MHz
	2000
MHz

	OOB boundary FOOB (MHz)
	100
	200
	400
	800
	1600
	3200
	4000



Spurious emission limits for n263: 
Proposal: For n263 spurious emissions use the same limits as FR2-1
Table 6.5.3-2: Spurious emissions limits
	Frequency Range
	Maximum Level
	Measurement bandwidth

	30 MHz  f < 1000 MHz
	-36 dBm
	100 kHz

	1 GHz  f < 12.75 GHz
	-30 dBm
	1 MHz

	12.75 GHz ≤ f ≤ 2nd harmonic of the upper frequency edge of the UL operating band in GHz
	-13 dBm
	1 MHz




 Beam Correspondence
UEs without beam correspondence were conceived of early in the development of mmWave UE technology. As the technology has been deployed the operation of the UE antenna arrays is well understood. We have found that invariably the UEs can achieve beam correspondence. The advantage of beam correspondence UEs is elimination of UL beam sweeping. RAN4 should consider declaring beam correspondence for all n263.
Proposal: All n263 UEs shall support beamCorrespondenceWithoutUL-BeamSweeping.
 MPR
Single carrier CP-OFDM trends
We have performed some preliminary simulation studies of backoff for CP-OFDM with EVM and SEM. We wanted to look for trends in the backoff over modulation order, CCBW and SCS. For these studies we used 66 RBs in 100 MHz with QPSK modulation and 120 kHz SCS. The table shows the maximum backoff for all possible RB configuration.
It is still under discussion whether this will be the reference waveform for the requirement, however this reference serves the purpose of comparison.
The EVM limit was assumed to the FR2-1 EVM limit, and the SEM was assumed to be the SEM in this paper.
Note some select plot of simulation results are included in the Annex.

	
	100M
	400 M
	800 M

	
	120k QPSK
	120k 64QAM
	960k QPSK
	960k 64QAM
	480k 64QAM
	960k QPSK
	960k 64QAM

	PC1 SEM
	0
	3.2
	0
	0
	0
	0
	0

	
	PC1 SEM Observation: Only 100 MHz is SEM-limited, with some backoff required for higher modulation orders.

	PC1 EVM
	0
	3.5
	0
	3.5
	3.5
	0
	3.5

	
	PC1 EVM Observation: Backoff for EVM is modulation order dependent, with no sensitivity to SCS or CCBW.

	PC3 SEM
	0
	0.8
	0
	0
	0
	0
	0

	
	PC3 SEM Observation: Only 100 MHz is SEM-limited, with some backoff required for higher modulation orders. This is similar to PC1 SEM.

	PC3 EVM
	0
	12
	2.2
	12
	12
	2.2
	12

	
	PC3 EVM Observation: Backoff for EVM is primarily modulation order dependent. There is also some dependence on CCBW as 400 and 800M QPSK require more backoff than 100M. We can’t determine yet if there is a dependence on SCS for QPSK.









ON/ON transient periods
From the standpoint of ON/ON transient period, the FR2-2 UE is the same as FR2-1. In one sense FR2-2 is quite like FR2-1, with FR2-2 much like a new FR2-1 band with some additional SCS. FR2-1 UE designs are commercial and mature. The ON/ON transient time of 5usec is governed by the time required to configure the transmitter and receiver. Those constraints are the same for FR2-2. Further in future as devices support FR2-1 and FR2-2 much hardware will be common. It is natural to specify the transient period the same as FR2-1.
Proposal: The transient period from FR2-1 is based on the capability of the UE to configure the transmitter and receiver. The same capability will exist in FR2-2. Use the same 5usec for FR2-2.
  Beam direction only switching time baseline assumption

One valid approach to the 60 GHz UE design is to base it on the existing FR2 design. In this aspect, 60 GHz is like a new FR2 band. This means the configuration times for beam switching are the same for 60 GHz and FR2.The FR2 switching assumptions are based on the capabilities of the UE to switch, and what is feasible. 60 GHz UE feasibility is the same as FR2. Further the configuration times are similar for any SCS, and this should be part of the assumption.
The FR2 assumption for UE beam switching is 200 nsec, 60 GHz requires the same amount of time to switch. We find no difference between inter-panel and intra-panel switching. Both require the same amount of time to configure the hardware for switching.
On clarification, our understanding is the UE can perform a beam direction change, or a power control change, or both during this 200 nsec time.
Proposal: UE requires 200 nsec for beam direction only switching for all SCS
Observation: Our understanding is the UE can perform a beam direction change, or a power control change, or both during this 200 nsec time.
 Conclusions
[bookmark: _Hlk503780345]Proposal: Use the NRB table values for FR2-2 transmission bandwidth requirements, with [] removed from 156.
Proposal: Use the table in 38.101-2 to specify the FR2-2 TX OFF power. Note the value is -35 dBm in the measurement bandwidth.
Proposal: PRACH ON power measurement period table should be updated for 480 and 960 SCS as shown.
Proposal: Use the same FR2-1 absolute power tolerance and Pint for FR2-2 as a working assumption, with possibly more exceptions.
Proposal: Use the same FR2-1 relative power tolerance and Pint for FR2-2 as a working assumption, with possibly more exceptions. 
Proposal: Use the same FR2-1 aggregate power tolerance and Pint for FR2-2 as a working assumption, with possibly more exceptions. 
Proposal: Use the FR2-1 EVM percentages for n263.
Proposal: Use the values in the table above for n263 PC1 relative carrier leakage requirements.
Proposal: Use the values in the table above for n263 PC2 relative carrier leakage requirements.
Proposal: Use the values in the table above for n263 PC1 relative carrier leakage requirements.
Inband emissions proposals:
· Use the same general in-band emissions limit as FR2-1
· Modify the carrier leakage power limits, using the limits shown in the previous section tables for PC1-3
· Modify the IQ image values, adding 10 dB to the carrier leakage power limits. This is the same method used in FR2-1.
Proposal: Use the modified SEM table for the FR2-2 general SEM requirement.
Proposal: For n263 use 2x the CCBW as the spurious domain, as in FR2-1. 
Proposal: For n263 spurious emissions use the same limits as FR2-1
Proposal: All n263 UEs shall support beamCorrespondenceWithoutUL-BeamSweeping.
PC1 SEM Observation: Only 100 MHz is SEM-limited, with some backoff required for higher modulation orders.
PC1 EVM Observation: Backoff for EVM is modulation order dependent, with no sensitivity to SCS or CCBW.
PC3 SEM Observation: Only 100 MHz is SEM-limited, with some backoff required for higher modulation orders. This is similar to PC1 SEM.
PC3 EVM Observation: Backoff for EVM is primarily modulation order dependent. There is also some dependence on CCBW as 400 and 800M QPSK require more backoff than 100M. We can’t determine yet if there is a dependence on SCS for QPSK.
Proposal: The transient period from FR2-1 is based on the capability of the UE to configure the transmitter and receiver. The same capability will exist in FR2-2. Use the same 5usec for FR2-2.
Proposal: UE requires 200 nsec for beam direction only switching for all SCS
Observation: Our understanding is the UE can perform a beam direction change, or a power control change, or both during this 200 nsec time.
 Annex
Select backoff plots
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