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1 Introduction
As a follow-up to ‎[1], we present in this contribution updated simulation results of maximum UE output power for transmission of several NR waveforms at frequencies above 24 GHz, according to the latest agreed updates ‎[2] of the MPR evaluation assumptions (cf. also ‎[3]).
2 Simulations and results
Our simulations are based on the memoryless modified Rapp PA model proposed in ‎[4]‎ (section 2.3.1), adapted to the MPR evaluation framework as detailed in ‎[1]. In section 2.1 we point out the updates in the simulation assumptions, relative to those used in ‎[1], and our evaluation results are presented in section 2.2. The conclusions are summarized in section 3.      
2.1 Simulation assumptions
2.1.1  Evaluated waveforms
The waveforms considered in our evaluation are listed in Table 1, in accordance with the updated spectral utilization (SU) values provided in ‎

 REF _Ref491940031 \r \h 
‎[2].
Table 1  Evaluated waveforms
	ID
	Waveform type
	Modulation 
	CBW
[MHz]
	SCS
[KHz]
	Allocation
[#&start RB]
	Remarks

	1a
	DFT-s-OFDM
	QPSK
	100
	60
	128RB0
	Ref. waveform: 0 dB relative OBO


	1b0
	DFT-s-OFDM
	pi/2-BPSK
	100
	60
	128RB0
	Without FDSS

	1b1
	DFT-s-OFDM
	pi/2-BPSK
	100
	60
	128RB0
	With FDSS (no excess BW)

	1c
	DFT-s-OFDM
	16QAM
	100
	60
	128RB0
	

	2
	DFT-s-OFDM
	QPSK
	400
	120
	256RB0
	

	3a
	CP-OFDM
	QPSK
	100
	60
	132RB0
	

	3b
	CP-OFDM
	16QAM
	100
	60
	132RB0
	

	4
	CP-OFDM
	QPSK
	400
	120
	264RB0
	


As in ‎[1], LTE-like Zadoff-Chu DMRS symbols are inserted into the DFT-s-OFDM waveforms – one per slot of 7 OFDM symbols. However, in the case (1b1) of pi/2-BPSK DFT-s-OFDM with FDSS, we consider this time only the option where the DMRS are FDSS-ed the same way like the data (so-called “transparent FDSS approach”), following the latest RAN1 agreement in ‎[5].
The FDSS filter we use for pi/2-BPSK is an RRC of rolloff 1.0, introduced in Appendix A of ‎[6] and in ‎[7], which is also equivalent to the time-domain pre-DFT 2-tap ‘1+D’ filter of ‎[8].      

2.1.2  Updated UE RF requirements
There is no change in the SEM (and spurious emission limits) relative to that assumed in ‎[1]. In the following subsections only the modified RF requirements for mmW are pointed out, based on ‎[2].
2.1.2.1 ACLR
The ACLR limitation assumed is of 17 dBc (as in ‎

 REF _Ref491940078 \r \h 
‎[3] for the 30 GHz range), with the same Channel Band-Widths (CBWs) for target and victim systems, centered at frequencies CBW apart. Following the same logic as in ‎[9], the Measurement Band-Widths (MBWs) of the co- and adjacent-channels are both assumed to be equal to the maximum available transmission BWs among waveforms and SCSs for the CBW in question. They are specified in Table 2.
 Table 2  ACLR measurement bandwidths
	Waveform ID
	CBW
[MHz]
	Max
#SCs
	Min SCS
[KHz]
	MBW
[MHz]

	1x, 3y
	100
	1584
	60
	95.10

	2 , 4
	400
	3168
	120
	380.28


2.1.2.2 EVM
Table 3 provides the “PA EVM” restrictions we enforce (for the considered modulation orders), which should be distinguished from the “Total EVM” values (also shown in the table, reproduced from Option 1 on page 4 of ‎[2]). The difference between the quoted values is attributed to non-idealities other than the PA’s, e.g., Phase Noise (PN), frequency offset and I/Q-imbalance, each contributing their own share to the total EVM budget.
Table 3  EVM requirements
	Modulation
	Total EVM [%]
	PA EVM [%]
	Remarks

	pi/2-BPSK
	[35]
	25
	Based on PN estimate for QPSK ‎[10]

	QPSK
	17.5
	12
	Based on ‎[10] 

	16QAM 
	12.5
	8
	Based on ‎[11]


2.1.2.3 IBE

According to ‎[3], the In-Band Emission requirements should follow those of LTE ‎[12]. Note that we substitute the Total EVM values of Table 3 above for the EVM variable appearing in the formula for the IBE Limit, set as the minimum IBE requirement according to Table 6.5.2.3.1-1 in ‎[12]. 
In principle, in case of full BW allocation there is no need to invoke the IBE constraint. However, in light of the arguments raised in ‎[13], for instance, this issue may be more subtle in the case of the DFT-s-OFDM waveforms of Table 1. This is due to (132 – 128 =) 4 and (264 – 256 =) 8 RBs being left unallocated at CBW of 100 and 400 MHz, respectively, out of the total number of RBs available for CP-OFDM at full SU of the CBW. These left-over RBs may be allocated to other uplink UEs via FDM, so it might make sense after all to enforce an IBE constraint on the maximal-allocation DFT-s-OFDM waveforms. 
In this contribution we ignore this subtlety, and assume that IBE requirements come into play only when DFT-s-OFDM is allocated over a smaller numbers of RBs than those listed in Table 1. However, due to the non-negligible impact of the IBE requirement on the MPR in this case (cf. also section 2.2.2), we make the following 

Proposal 1: The IBE requirement for mmW should be unambiguously defined for DFT-s-OFDM, especially at maximal allocation bandwidth (per given CBW and SCS), before MPR is specified. 
2.2 Simulation results
2.2.1  Minimal set of evaluated waveforms
The estimated relative maximum output powers of the waveforms listed in Table 1 are presented in Table 4, together with the limiting criteria that led to them. The reference max power of the waveform (1a), corresponding to the relative max power of 0 dB on the first row of the table, was obtained at 22.1 dBm.
Table 4  Relative max output power (for total available power of 23 dBm)
	ID
	Waveform
	Relative max
power [dB]
	Limiting criterion

	1a
	DFT-s-OFDM, QPSK, 128RB
	0
	EVM

	1b0
	DFT-s-OFDM, pi/2-BPSK, no FDSS, 128RB
	0.7
	SEM

	1b1
	DFT-s-OFDM, pi/2-BPSK, transp. FDSS, 128RB
	0.9
	OBO ≥ 0 dB

	1c
	DFT-s-OFDM, 16QAM, 128RB
	-3.4
	EVM

	2
	DFT-s-OFDM, QPSK, 256RB
	0
	EVM

	3a
	CP-OFDM, QPSK, 132RB
	-4.2
	EVM

	3b
	CP-OFDM, 16QAM, 132RB
	-6.0
	EVM

	4
	CP-OFDM, QPSK, 264RB
	-4.1
	EVM


Observation 1: With the considered PA model and spectral requirements, EVM is the dominant factor limiting the maximum output power for all (fully-allocated) waveforms and all modulation types except for pi/2-BPSK.

Observation 2: For pi/2-BPSK (applicable only in case of DFT-s-OFDM), spectral shaping enables full PA power utilization, whereas the SEM is the limiting criterion (for 23 dBm total power) when no FDSS is deployed. 

Observation 3: In case of the considered PA model with total available power of 23 dBm, application of FDSS onto DFT-s-OFDM with pi/2-BPSK at maximal allocation bandwidth yields a negligible power advantage. 

Observation 4: In full allocation BW, DFT-s-OFDM exhibits power advantage of ~2.5-4 dB over CP-OFDM at the same modulation order (16QAM or below).

2.2.2  Partial-bandwidth allocation
We furthermore evaluated certain waveforms in case of non-full-bandwidth allocation, in order to assess the impact of the IBE requirement on the relative performance. The waveforms and the associated estimated relative maximum output powers are presented in Table 6. 
Table 6  Partial-allocation waveforms and their relative max output power
(for total available power of 23 dBm)
	ID
	Waveform (half-bandwidth allocation)
	Relative max
power [dB]
	Limiting criterion

	1’
	DFT-s-OFDM, QPSK, 64RB0
	-1.3
	IBE

	1’b0
	DFT-s-OFDM, pi/2-BPSK, no FDSS, 64RB0
	0
	SEM

	1’b1
	DFT-s-OFDM, pi/2-BPSK, transp. FDSS, 64RB0
	0.9
	OBO ≥ 0 dB

	1’c
	DFT-s-OFDM, 16QAM, 64RB0
	-3.4
	EVM

	2’
	DFT-s-OFDM, QPSK, 128RB0
	-1.3
	IBE

	3’a
	CP-OFDM, QPSK, 64RB0
	-4.1
	EVM

	3’b
	CP-OFDM, 16QAM, 64RB0
	-6.1
	EVM

	4’
	CP-OFDM, QPSK, 128RB0
	-4.2
	EVM


Remarks:

· Other choices of partial BW allocation, different from half-BW, were seen to lead to similar relative max power results.

· The relative max powers in Table 6 are quoted relative to the reference of Table 4. The extra backoff of 1.3 dB required for waveform (1’) here, relative to the full-allocation waveform (1) there, is due to the IBE requirement. However, note that waveform (1’) enjoys a relative Rx SNR boost of 10*log10(128/64) = 3 dB, due to its allocation over fewer subcarriers, thus leading to a higher power per subcarrier; hence (1’) has an overall higher coverage (or MCL) than (1), though at a working point of a reduced sustained data rate.
Observation 5: In partial-allocation scenarios, EVM remains the limiting factor of the Tx power for CP-OFDM (with any modulation) and for DFT-s-OFDM with modulations higher than QPSK, while IBE becomes the limiting criterion for DFT-s-OFDM with QPSK. The IBE does not limit the power of pi/2-BPSK DFT-s-OFDM because of the relaxed EVM of 35% entering the IBE formula. Rather, the limiting criterion for pi/2-BPSK without spectral shaping remains the SEM (for a 23dBm UE), regardless of the allocation size.
Observation 6: For DFT-s-OFDM in partial allocation, pi/2-BPSK with FDSS demonstrates a power advantage of ~2 dB over QPSK and a moderate ~1dB advantage relative to pi/2-BPSK without shaping.
Conclusion

Here we collect our observations and proposal, from the updated OBO evaluation for mmW described above:
Observation 1: With the considered PA model and spectral requirements, EVM is the dominant factor limiting the maximum output power for all (fully-allocated) waveforms and all modulation types except for pi/2-BPSK.

Observation 2: For pi/2-BPSK (applicable only in case of DFT-s-OFDM), spectral shaping enables full PA power utilization, whereas the SEM is the limiting criterion (for 23 dBm total power) when no FDSS is deployed. 

Observation 3: In case of the considered PA model with total available power of 23 dBm, application of FDSS onto DFT-s-OFDM with pi/2-BPSK at maximal allocation bandwidth yields a negligible power advantage. 

Observation 4: In full allocation BW, DFT-s-OFDM exhibits power advantage of ~2.5-4 dB over CP-OFDM at the same modulation order (16QAM or below).

Observation 5: In partial-allocation scenarios, EVM remains the limiting factor of the Tx power for CP-OFDM (with any modulation) and for DFT-s-OFDM with modulations higher than QPSK, while IBE becomes the limiting criterion for DFT-s-OFDM with QPSK. The IBE does not limit the power of pi/2-BPSK DFT-s-OFDM because of the relaxed EVM of 35% entering the IBE formula. Rather, the limiting criterion for pi/2-BPSK without spectral shaping remains the SEM (for a 23dBm UE), regardless of the allocation size.

Observation 6: For DFT-s-OFDM in partial allocation, pi/2-BPSK with FDSS demonstrates a power advantage of ~2 dB over QPSK and a moderate ~1dB advantage relative to pi/2-BPSK without shaping.

Proposal 1: The IBE requirement for mmW should be unambiguously defined for DFT-s-OFDM, especially at maximal allocation bandwidth (per given CBW and SCS), before MPR is specified. 
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