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Introduction
In this paper we analyze and propose various requirements for the UE TX in n263

 Transmitter Power
Minimum peak EIRP for PC3
In checking the latest copy of 38.101-2 draft we find there was an editorial error made and the minimum peak EIRP is shown as 7.6 dBm and not the 14.1 dBm agreed in R4-2206536 section 1. We will make this correction as part of proposed CR.
Table 6.2.1.3-1: UE minimum peak EIRP for power class 3
	Operating band
	Min peak EIRP (dBm)

	n257
	22.4

	n258
	22.4

	n259
	18.7

	n260
	20.6

	n261
	22.4

	n262
	16.0

	n263
	7.614.1

	NOTE 1:	Minimum peak EIRP is defined as the lower limit without tolerance
NOTE 2:	Void



Observation: PC3 min peak EIRP has an editorial error for the value. The agreed value is 14.1 dBm.
MPR
MPR power class 1
We performed simulations of all bandwidths and SCS waveforms for CP-OFDM  and DFT-s-OFDM modulations. A reasonable specification approach is to use the same regions as in FR2-1 .
We used the proposed PN mask from this paper and performed phase noise compensation using PTRS and described in this paper.
For 100 MHz we have chosen to follow the FR2-1 approach and use a different table for 100 MHz, primarily for consistency with the FR2-1 approach. One table is sufficient for 400 MHz and greater bandwidths. Overall, there is not a significant difference across SCS, so the tables apply for all the SCS.
For expediency and consistency with FR2-1 we chose to re-use the same MPRNARROW definition and values for FR2-2.
Table 6.2.2.1-3 MPRWT for power class 1, BWchannel = 100 MHz in FR2-2
	Modulation
	MPRWT (dB), BWchannel = 100 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 5.5
	0.0
	≤ 3.5

	
	QPSK
	≤ 6.5
	0.0
	≤ 3.5

	
	16 QAM
	≤ 7.0
	≤ 2.5
	≤ 2.5

	
	64 QAM
	≤ 8.0
	≤ 8.0
	≤ 8.0

	CP-OFDM
	QPSK
	≤ 8.0
	≤ 1.5
	≤ 3.5

	
	16 QAM
	≤ 8.0
	≤ 3.5
	≤ 4.0

	
	64 QAM
	≤ 9.5
	≤ 9.5
	≤ 9.5



Table 6.2.2.1-4 MPRWT for power class 1, BWchannel >= 400 MHz in FR2-2
	Modulation
	MPRWT (dB), BWchannel = 400, 800, 1600, 2000 MHz

	
	Outer RB allocations
	Inner RB allocations

	
	
	Region 1
	Region 2

	DFT-s-OFDM
	Pi/2 BPSK
	≤ 6.0
	≤ 1.0
	≤ 3.5

	
	QPSK
	≤ 6.0
	≤ 1.0
	≤ 4.0

	
	16 QAM
	≤ 4.5
	≤ 3.0
	≤ 3.0

	
	64 QAM
	≤ 8.0
	≤ 8.0
	≤ 8.0

	CP-OFDM
	QPSK
	≤ 6.0
	≤ 1.5
	≤ 3.5

	
	16 QAM
	≤ 6.0
	≤ 4.0
	≤ 5.5

	
	64 QAM
	≤ 10.0
	≤ 10.0
	≤ 10.0



Proposal 1: RAN4 adopt the PC1 MPRWT values in the tables and use the same MPRNARROW definition and values as FR2-1.
MPR power class 3
We simulated and computed the regions in a similar manner to power class 1 above.
Table 6.2.2.3-1b MPRWT for power class 3, BWchannel = 100 MHz, FR2-2
	Modulation
	MPRWT, BWchannel = 100 MHz

	
	Inner RB allocations,
Region 1
	Edge RB allocations


	DFT-s-OFDM
	Pi/2 BPSK
	0.0
	≤ 0.5

	
	QPSK
	0.0
	≤ 0.5

	
	16 QAM
	≤ 3.0
	≤ 2.5

	
	64 QAM
	≤ 8.5
	≤ 8.5

	CP-OFDM
	QPSK
	≤ 1.5
	≤ 1.5

	
	16 QAM
	≤ 4.0
	≤ 4.0

	
	64 QAM
	≤ 10.0
	≤ 10.0



Table 6.2.2.3-2b MPRWT for power class 3, BWchannel >= 400 MHz, FR2-2
	Modulation
	MPRWT, BWchannel = 400 MHz

	
	Inner RB allocations,
Region 1
	Edge RB allocations


	DFT-s-OFDM
	Pi/2 BPSK
	1.0
	≤ 1.0

	
	QPSK
	1.0
	≤ 1.0

	
	16 QAM
	≤ 3.5
	≤ 3.0

	
	64 QAM
	≤ 9.5
	≤ 9.0

	CP-OFDM
	QPSK
	≤ 2.0
	≤ 2.0

	
	16 QAM
	≤ 4.0
	≤ 4.0

	
	64 QAM
	≤ 10.0
	≤ 10.0




Proposal 2: RAN4 adopt the PC3 MPRWT values in the tables and use the same MPRNARROW definition and values as FR2-1.
[bookmark: _Hlk109709036]A-MPR for EN 303753
We simulated the EN mask for all CBWs, SCS, modulation to determine what A-MPR is required. We found no cases that required A-MPR, therefore no requirement is needed in the 3GPP specification.
Proposal 3: No A-MPR requirement needed for the EN 303753 emissions mask.
Transmitter power for CA
Maximum output power for CA
Taking the same approach as FR2-1, PC1 and PC3 power classes for CA are the same as for single carrier.
Proposal 4: FR2-2 PC1 and PC3 power classes for CA are the same as for FR2-2 single carrier. Note this is the same approach as in FR2-1.
MPR for CA
For CA MPR we observe that CA DFT-s-OFDM waveforms have PAPR that approaches DFTS. We also note that in FR2-1 the DFT-s and CP-OFDM MPR for CA did not differ. For FR2-2 it is unnecessary to segregate the two in the spec. 
We determined the values in the MPR table by considering the CP-OFDM MPRs from the single carrier sims. For <400 MHz we considered 100 and 400 M single carrier MPR. For 400 to 800 we considered both 400 and 800M. Similarly for the other aggregated bandwidth ranges.
For Pi/2 BPSK we reduced MPR by 1 dB from the QPSK values.
Table TBD Maximum power reduction (MPRWT_C_CA) for FR2-2 UE power class 1
	Waveform Type
	Cumulative aggregated channel bandwidth

	
	< 400 MHz
	≥ 400 MHz and < 800 MHz
	≥ 800 MHz and ≤ 1400 MHz
	> 1400 MHz and ≤ 2000 MHz

	Pi/2 BPSK
	≤ 7.0
	≤ 5.0
	≤ 2.0
	≤ 2.0

	QPSK
	≤ 8.0
	≤ 6.0
	≤ 3.0
	≤ 3.0

	16 QAM
	≤ 8.0
	≤ 6.0
	≤ 4.0
	≤ 4.0

	64 QAM
	≤ 10.0
	≤ 10.0
	≤ 10.0
	≤ 10.0



We took a similar approach for PC3.
Table TBD Maximum power reduction (MPRWT_C_CA) for FR2-2 UE power class 3
	Waveform Type
	Cumulative aggregated channel bandwidth

	
	< 400 MHz
	≥ 400 MHz and < 800 MHz
	≥ 800 MHz and ≤ 1400 MHz
	> 1400 MHz and ≤ 2000 MHz

	Pi/2 BPSK
	≤ 1.0
	≤ 1.0
	≤ 1.0
	≤ 1.0

	QPSK
	≤ 2.0
	≤ 2.0
	≤ 2.0
	≤ 2.0

	16 QAM
	≤ 4.0
	≤ 4.0
	≤ 4.0
	≤ 4.0

	64 QAM
	≤ 10.0
	≤ 10.0
	≤ 10.0
	≤ 10.0



Proposal 5: Adopt the CA MPR tables for PC1 and PC3.
A-MPR for CA
Our view is no A-MPR is needed, as in single carrier.
Proposal 6: No CA A-MPR needed for the EN 303753 emissions mask.
Output power dynamics
Pmin
Pmin is the minimum controlled power. It is feasible for the UE to operate at the same Pmin levels as FR2-1.
Table 6.3.1.1-1: Minimum output power for power class 1
	Operating band
	Channel bandwidth
(MHz)
	Minimum output power
(dBm)
	Measurement bandwidth
(MHz)

	n257, n258, n260, n261, n262
	50
	4
	47.58

	
	100
	4
	95.16

	
	200
	4
	190.20

	
	400
	4
	380.28

	n263
	100
	TBD4
	95.16

	
	400
	TBD4
	381.12

	
	800
	TBD4
	715.20

	
	1600
	TBD4
	1429.44

	
	2000
	TBD4
	1705.92



Table 6.3.1.2-1: Minimum output power for power class 2, 3, and 4
	Operating band
	Channel bandwidth
(MHz)
	Minimum output power
(dBm)
	Measurement bandwidth
(MHz)

	n257, n258, n260, n261, n262
	50
	-13
	47.58

	
	100
	-13
	95.16

	
	200
	-13
	190.20

	
	400
	-13
	380.28

	n263
	100
	TBD-13
	95.16

	
	400
	TBD-13
	381.12

	
	800
	TBD-13
	715.20

	
	1600
	TBD-13
	1429.44

	
	2000
	TBD-13
	1705.92

	NOTE 1:	n260 is not applied for power class 2.
NOTE 2:	n259 is not applied for power class 2 and 4.
NOTE 3:   power class 4 is not applicable to n263



Proposal 7: PC1 Pmin to be 4 dBm. PC2 and PC3 Pmin to be -13 dBm as shown in the tables
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 8: 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.
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 9: 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
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]
	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
	

	
	960 kHz
	0.017839 ms for front X1occasion
0.017546 ms for last occasion
	

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

	
	960 kHz
	0.004460 ms for front X2 occasion
0.004350 ms for last occasion
	

	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 plus 0.032552 μs




Transmit signal quality
PTRS and phase noise
The Rel-17 SI on Enhanced FR2 Test Method identified an EVM calculation strategy for a dual Rx TE as would be appropriate for OTA reception, see TR38.884. This topology assumed that the impact of phase noise was not significant in relation to the other impairments in an UL waveform. The CPE (common phase error) of the DMRS symbol was ignored as was PTRS processing.
The UL of an FR2-2 UE however is expected to have phase noise that is a significant contributor to the aggregate impairment. The PTRS framework in the standard is designed to combat this problem to some extent, and it may be useful to specify it in some form as part of the UL waveform. A pre-requisite for introduction of PTRS is standardizing PTRS processing inside the EVM calculator.
EVM processing including PTRS compensation
Figure 4.1.1.1-1 shows a generalized EVM calculator signal flow based on the agreed topology in TR38.884 but developed further to include PTRS. For CP-OFDM, the DFT and IDFT blocks are replaced by unity blocks. For DFT-s-OFDM, RAN1 has not introduced rank 2 UL, so all blocks pertaining to layer 2 signals are disabled.



Figure 4.1.1.1-1 A generalized 2-Rx EVM calculator with PTRS processing
Several EVM calculation details need further discussion, due to presence of phase noise.
A key aspect is the DMRS-based channel estimate which also serves to perform preliminary layer separation. The UL waveform is specified in the standard with 3 DMRS symbols (2, 7 and 11). Even with a perfect OTA channel, each of these symbols will be rotated by some independent random phase, which is the common phase error. This CPE affects each DMRS symbol. Fortunately, after front end RF correction, it can be assumed that CPE rotates the symbols carried by all subcarriers equally. This allows for a high-quality estimate of each DMRS symbol’s CPE. The estimated CPEs can then be used to de-rotate the DMRS samples. In the presence of phase noise, the channel estimate can benefit from averaging across the CPE-corrected DMRS symbols, rather than the un-corrected DMRS symbols. 
Proposal 10: The DMRS based channel estimate shall utilize CPE-corrected DMRS symbols
It is the TE’s option to refine further, for example assigning some CPE for the PUSCH symbols based on the CPEs of the DMRS symbols.
A second aspect is where in the signal flow should PTRS be extracted. PTRS-based corrections work on the principle of estimating phase deviation, and then correcting the received data symbols appropriately. A noisy PTRS symbol has the effect of injecting noise into the signal and degrading the EVM. It is therefore essential to extract PTRS only after the best possible layer separation.
Proposal 11: The PTRS extraction and correction stage is used as the final refinement of the received signal.
A third aspect is configuration of PTRS. This aspect is not related to the EVM calculator, but it in effect is a discussion on the side conditions for the EVM test. For CP-OFDM, the standard allows insertion of PTRS tones in non-consecutive symbols, but in our experience, it is not reasonable to ‘interpolate’ for CPE in a symbol without PTRS from neighbouring symbols that do have PTRS. We therefore believe the time density of PTRS insertion for CP-OFDM symbols must be such that all non-DMRS symbols are equipped with PTRS. Moreover, the quality of the CPE estimate is much poorer compared to that of the DMRS due to much sparser frequency density of the PTRS tones. This aspect becomes particularly important for narrow allocations and accompanying scarcity of PTRS tones. We therefore believe the frequency density of PTRS tones must be maximized to the extent allowed by the standard.
Proposal 12: For CP-OFDM, all non-DMRS symbols in a slot must be equipped with PTRS, and frequency density of PTRS tones maximized.
For DFT-s-OFDM, PTRS data symbols are arranged in groups. There can be as many as 8 groups, with as many as 4 symbols per group. The groups are uniformly distributed in time, so the phase estimate for each group gives us some estimate of ‘instantaneous phase’. The phase variation inside a symbol can be linearly interpolated from the phase estimates calculated for each group. Some problems that need discussion are whether the 8 groups are distributed at the head of 8 time sub-segments or at the head and tail of 7 time sub-segments, both of which are allowed by the standard. Since interpolation is required, we propose a ‘head and tail’ configuration for the groups. This configuration eliminates the need to extrapolate for a future value of a random variable. Further, PTRS processing is prone to injecting noise, so it is necessary to maximize the number of PTRS samples in each group (4). 
Proposal 13a: For DFT-s-OFDM, PTRS is specified with 4 symbols per group, and the groups are configured in a ‘head and tail’ configuration.
Finally, it helps to maximise the time density of PTRS groups, but 8x4 configuration will occupy 32 SC, which would be impossible to accommodate in a narrower allocation. So RAN4 must establish some reasonable rule to reduce the number of PTRS groups for narrow allocations. One possible rule is in the proposal below:
Proposal 13b: For DFT-s-OFDM, the number of PTRS groups is maximised so the ratio of PUSCH symbols to PTRS symbols stays at 1 or higher.
Phase noise mask assumption
It is recognized phase noise degradation can be significant, and PTRS compensation may be used to improve performance. We performed some simulations of PTRS compensation using 4 phase mask profiles to assess the suitability for 64QAM.
Phase noise mask example 1 from TR [1] Figure 6.1.10.1-2 for 70 GHz
The figure shows EVM with the example 1 phase noise mask for various SCS, CCBWs, and OFDM types. The total budget for 64QAM EVM, including all impairments, is approximately 22 dB. 
[image: ]
Figure TR example 1 EVM performance
Looking at the results in the figure, we conclude this PN mask does not support 64QAM operation even with PTRS-assisted PN correction.
Observation : TR example 1 phase noise mask is not suitable for development of the EVM specification.
Note on the left there is a region where PTRS processing degrades the performance. Those datapoints are all DFTS with 120 kHz SCS.
Phase noise mask example 2 from TR [1] Figure 6.1.11.1-2 for UE

The figure shows with the example 2 phase noise mask for various SCS, CCBWs, and OFDM types. 
[image: ]
Figure TR example 2 EVM performance

Ex2 mask with PTRS assisted correction does not support 64QAM for 120 kHz SCS. (The 120 KHz SCS waveforms are the two groups … the range 1-50 and 151-200 on the graph).
Observation: Ex2 phase noise mask is not suitable for development of EVM spec.
[bookmark: _Hlk107032416]Phase noise mask from R4-2010176 Figure 2.2.4-2 with 5 dB margin
The figure shows with the R4-2010176 Figure 2.2.4-2 [2] with 5 dB margin phase noise mask for various SCS, CCBWs, and OFDM types. 
[image: ]
Figure Tdoc R4-2010176 EVM performance

Only the 50-150 range on the plot is potentially acceptable for 64QAM. This range is DFTS at SCS 480 kHz and greater.
Observation : R4-2010176 phase noise mask is not suitable for development of EVM spec.
Phase noise mask proposal
The figure shows with the proposed phase noise mask. The mask was developed using circuit simulation with margin for temperature and process variation and is achievable in a process suitable for a commercial handheld form-factor with the attendant practical constraints.
[image: ]
Figure Proposed PN mask

The figure shows EVM with the proposed  for various SCS, CCBWs, and OFDM types. 
[image: ]
Figure Proposed PN mask EVM performance

Observation :  The proposed PN mask provides good performance for 64 QAM.
Proposal 14: RAN4 uses the proposed PN mask for development of EVM requirements.
EVM compliance power levels
In FR2-2 we are introducing significantly wider channel bandwidths than in FR2-1. As the bandwidths widen the PSD of the transmit signal reduces for a given power level. The noise PSD in the channel bandwidth remains constant. This results in the ratio of the signal PSD to the noise PSD to reduce. Another way to say the same thing is the signal power in channel stays the same and the total noise power in the channel increases See the figure below.
In addition to the channel bandwidth expansion increasing noise, the TX chain circuitry noise figure will increase as compared to FR2-1 due to the higher operating frequency of up to 71 GHz. As TX power is reduced the noise component becomes more significant. Our estimate is the noise figure would increase approximately 2 dB.  

 
Figure TX PSD and noise floor for various channel bandwidths
A reasonable approach is to require the FR2-2 UE to meet the same EVM power level requirements as FR2-1, even though this will be again tougher for the UE given the phase noise hit at 60 GHz. Above 400 MHz the power levels can be scaled for the bandwidth. For each power class this approach can be taken, with another adjustment made for the min peak EIRP value. Values for n263 are shown in the table below, where the values are rounded to integer dBs. 100 MHz for FR2-2 would be the same value as for FR2-1.

[image: ]
Figure n263 EVM minimum power levels as a function of CBW

It should be noted that in the network the UE will be operating at high power levels the majority of the time. The UE will very rarely be operating at or below these minimum power levels.
[image: ]
Figure EVM minimum power levels as a function of CBW (15 dB SINR target)

Observation: 60 GHz UE will tend to operate at power levels higher than the min EVM power limits.
Proposal 15: Adopt the EVM power limit tables scaled for bandwidth, min peak EIRP,  and for the higher FR2-2 operating frequency. Use n262 400 MHz as the basis for scaling. Using that method, the values to be used are in the table above.

Carrier Leakage for Power classes 1  and 3
FR2-2 should use start with FR2-1 spec and scale the power ranges from the n262 value based on the ratio of n263 to n262 minimum peak EIRP. For PC2 the same spec can be used for n263 since the n262 EIRP is nearly the same value.
Proposal 16: PC1 carrier leakage for n263 as shown in the table:
	Parameters
	Relative Limit (dBc)

	EIRP > 13.4 dBm
	-25

	0.4 dBm ≤ EIRP ≤ 13.4 dBm
	-20



Proposal 17: PC3 carrier leakage for n263 as shown in the table:
	Parameters
	Relative Limit (dBc)

	EIRP > -1.9 dBm
	-25

	-14.9dBm ≤ EIRP ≤ -1.9 dBm
	-20



0. Inband emissions for power class 1 and power class 3
FR2-2 should use FR2-1 as a starting point and scale the power ranges as the ration between n262 and n263. The values are shown in the table below. 
Table 6.4.2.3.2-1: Requirements for in-band emissions for power class 1
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	

	Any non-allocated (NOTE 2)

	
	
	
	Output power for FR2-1
	Output Power for FR2-2
	

	IQ Image
	dB
	-25
	> 27 dBm
	> 23.4 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-20
	≤ 27 dBm
	≤ 23.4 dBm
	

	Carrier leakage
	dBc
	-25
	> 17 dBm
	> 13.4 dBm
	Carrier frequency (NOTES 4, 5)

	
	
	-20
	4 dBm ≤ Output power ≤ 17 dBm
	0.4 dBm ≤ Output power ≤ 13.4 dBm
	



Table 6.4.2.3.4-1: Requirements for in-band emissions for power class 3
	Parameter description
	Unit
	Limit (NOTE 1)
	Applicable Frequencies

	General
	dB
	



	Any non-allocated (NOTE 2)

	
	
	
	Output power for FR2-1
	Output Power for FR2-2
	

	IQ Image
	dB
	-25
	> 10 dBm
	> 8.1 dBm
	Image frequencies (NOTES 2, 3)

	
	
	-20
	≤ 10 dBm
	≤ 8.1 dBm
	

	Carrier leakage
	dBc
	-25
	> 0 dBm
	> -1.9dBm
	Carrier frequency (NOTES 4, 5)

	
	
	-20
	-13 dBm ≤ Output power ≤ 0 dBm
	-14.9 dBm ≤ Output power ≤ -1.9 dBm
	



Proposal 18: Use the PC1 and PC3 inband emissions as in the table above.
Transmit signal quality for CA
EVM for CA
Proposal 19: Re-use FR2-1 approach where EVM for CA is defined per each component carrier.
0. Carrier leakage for power classes 1 and 3 in CA
FR2-2 should use start with FR2-1 spec and scale the power ranges from the n262 value based on the ratio of n263 to n262 minimum peak EIRP. For PC2 the same spec can be used for n263 since the n262 EIRP is nearly the same value.
Table 6.4A.2.2.2-2: Minimum requirements for relative carrier leakage for power class 1 in FR2-2
	Parameters
	Relative Limit (dBc)

	EIRP > 13.4 dBm
	-25

	0.4 dBm ≤ EIRP ≤ 13.4 dBm
	-20

	NOTE: Not applicable for Intraband non-contiguous carrier aggregation



Table 6.4A.2.2.4-2: Minimum requirements for relative carrier leakage power class 3 in FR2-2
	Parameters
	Relative limit (dBc)

	Output power > -1.9 dBm
	-25

	-14.9 dBm ≤ Output power EIRP ≤ -1.9 dBm
	-20

	NOTE: Not applicable for Intraband non-contiguous carrier aggregation



Proposal 20: For CA carrier leakage use the PC1 and PC3 values in the tables. For PC2 use the same value as in FR2-1 since the min peak EIRP values are nearly the same.
Inband emissions for power classes 1 and 3 in CA
Proposal 21: Re-use the FR2-1 CA inband emissions method for PC1 and PC3 CA with the same output power values we are proposing for FR2-2 single carrier. 
Output RF spectrum emissions for CA
Occupied BW for CA
Proposal 22: Re-use the FR2-2 single carrier 99% OBW for CA 
SEM for CA
Proposal 23: Re-use the FR2-1 CA SEM requirements for FR2-2.
Table 6.5A.2.1.1-1: General NR spectrum emission mask for intra-band contiguous CA in frequency range 2
	ΔfOOB
(MHz)
	Any carrier aggregation bandwidth class
	Measurement bandwidth

	 0-0.1*BWChannel_CA
	-5 
	1 MHz 

	 0.1*BWChannel_CA -2*BWChannel_CA
	-13
	1 MHz

	NOTE 1:	(void)



ACLR for CA
Proposal 24: Use the FR2-2 single carrier 15 dB ACLR value for CA
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 25: All FR2-2 UEs shall support beamCorrespondenceWithoutUL-BeamSweeping.
Conclusions
Proposals:
Proposal 1: RAN4 adopt the PC1 MPRWT values in the tables and use the same MPRNARROW definition and values as FR2-1.
Proposal 2: RAN4 adopt the PC3 MPRWT values in the tables and use the same MPRNARROW definition and values as FR2-1.
Proposal 3: No A-MPR requirement needed for the EN 303753 emissions mask.
Proposal 4: FR2-2 PC1 and PC3 power classes for CA are the same as for FR2-2 single carrier. Note this is the same approach as in FR2-1.
Proposal 5: Adopt the CA MPR tables for PC1 and PC3.
Proposal 6: No CA A-MPR needed for the EN 303753 emissions mask.
Proposal 7: PC1 Pmin to be 4 dBm. PC2 and PC3 Pmin to be -13 dBm as shown in the tables
Proposal 8: 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 9: PRACH ON power measurement period table should be updated for 480 and 960 SCS as shown.
Proposal 10: The DMRS based channel estimate shall utilize CPE-corrected DMRS symbols
Proposal 11: The PTRS extraction and correction stage is used as the final refinement of the received signal.
Proposal 12: For CP-OFDM, all non-DMRS symbols in a slot must be equipped with PTRS, and frequency density of PTRS tones maximized.
Proposal 13a: For DFT-s-OFDM, PTRS is specified with 4 symbols per group, and the groups are configured in a ‘head and tail’ configuration.
Proposal 13b: For DFT-s-OFDM, the number of PTRS groups is maximised so the ratio of PUSCH symbols to PTRS symbols stays at 1 or higher.
Proposal 14: RAN4 uses the proposed PN mask for development of EVM requirements.
Proposal 15: Adopt the EVM power limit tables scaled for bandwidth, min peak EIRP,  and for the higher FR2-2 operating frequency. Use n262 400 MHz as the basis for scaling. Using that method, the values to be used are in the table above.
Proposal 16: PC1 carrier leakage for n263 as shown in the table:
Proposal 17: PC3 carrier leakage for n263 as shown in the table:
Proposal 18: Use the PC1 and PC3 inband emissions as in the table above.
Proposal 19: Re-use FR2-1 approach where EVM for CA is defined per each component carrier.
Proposal 20: For CA carrier leakage use the PC1 and PC3 values in the tables. For PC2 use the same value as in FR2-1 since the min peak EIRP values are nearly the same.
Proposal 21: Re-use the FR2-1 CA inband emissions method for PC1 and PC3 CA with the same output power values we are proposing for FR2-2 single carrier. 
Proposal 22: Re-use the FR2-2 single carrier 99% OBW for CA 
Proposal 23: Re-use the FR2-1 CA SEM requirements for FR2-2.
Proposal 24: Use the FR2-2 single carrier 15 dB ACLR value for CA
Proposal 25: All FR2-2 UEs shall support beamCorrespondenceWithoutUL-BeamSweeping.
Observations:
Observation: PC3 min peak EIRP has an editorial error for the value. The agreed value is 14.1 dBm.
Observation : TR example 1 phase noise mask is not suitable for development of the EVM specification.
Observation: Ex2 phase noise mask is not suitable for development of EVM spec.
Observation : R4-2010176 phase noise mask is not suitable for development of EVM spec.
Observation :  The proposed PN mask provides good performance for 64 QAM.
Observation: 60 GHz UE will tend to operate at power levels higher than the min EVM power limits.
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PC1 n262 n263 400 MHz n263 800 MHz n263 1600 MHzn263 2000 MHz

CCBW 400 400 800 1600 2000

BW factor 0.0 3.0 6.0 7.0

peak EIRP factor -3.6 -3.6 -3.6 -3.6

frequency factor 0 2.0 2.0 2.0 2.0

min peak EIRP 34.2 30.6 30.6 30.6 30.6

EVM EIRP min power limit - QPSK 4 2 5 8 9

EVM EIRP min power limit - 16QAM 7 5 8 11 12

EVM EIRP min power limit - 64QAM 11 9 12 15 16

PC2 n262 n263 400 MHz n263 800 MHz n263 1600 MHzn263 2000 MHz

CCBW 400 400 800 1600 2000

BW factor 0.0 3.0 6.0 7.0

peak EIRP factor -0.2 -0.2 -0.2 -0.2

frequency factor 0 2.0 2.0 2.0 2.0

min peak EIRP 22.9 22.7 22.7 22.7 22.7

EVM EIRP min power limit - QPSK -13 -11 -8 -5 -4

EVM EIRP min power limit - 16QAM -10 -8 -5 -2 -1

EVM EIRP min power limit - 64QAM -6 -4 -1 2 3

PC3 n262 n263 400 MHz n263 800 MHz n263 1600 MHzn263 2000 MHz

CCBW 400 400 800 1600 2000

BW factor 0.0 3.0 6.0 7.0

peak EIRP factor -1.9 -1.9 -1.9 -1.9

frequency factor 0 2.0 2.0 2.0 2.0

min peak EIRP 16 14.1 14.1 14.1 14.1

EVM EIRP min power limit - QPSK -13 -13 -10 -7 -6

EVM EIRP min power limit - 16QAM -10 -10 -7 -4 -3

EVM EIRP min power limit - 64QAM -6 -6 -3 0 1
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