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Introduction
In LS [1], RAN4 recommended to adopt a -13dBm/MHz requirement for mmWave UE which is currently defined in 3GPP. In case that European Cat B requirement of -30dBm/Mhz is kept without exceptions or with just small relaxation, in order to meet more stringent spurious requirement, AMPR requirement is analyzed in this contribution. 
Discussion
Current PC3 single CC MPR is defined based on to meet -13dBm/MHz spurious emission requirement in 38.101-2. European Cat B requirement of -30dBm/MHz is 17dB tighter than 3GPP requirements. 

For Tx signals with small RB allocations, the signal PSDs are higher at high Tx power. The corresponding second harmonics cannot meet Cat B of -30dBm/MHz requirement. Further backoff is needed. 

[bookmark: _Ref525661155]Second harmonics (H2) and BW factors
In order to evaluate the power of H2 in dBm/MHz, we introduce a concept BW factor.  This is a factor which gives in dB for given BW in term of populated PRBs for given SCS and modulations to represent the max power per MHz of a squared modulated signal (varying BW and modulation) around twice the carrier compared to a CW signal.

The results for SCS of 60kHz and 120kHz for different modulations and number of RB allocations are given in the table below:
Table 2.1‑1 H2 Modulation and BW factor for SCS=60kHz
[image: ]

Table 2.1‑2 H2 Modulation and BW factor for SCS=120kHz
[image: ]
Ignoring the BPSK modulation cases, which will be discussed in the following, we see that as the number of RBs increases the “H2 modulation and BW factor” decreases.  This is due to the larger BW over which the signal is spread.  We also see that the results for 120kHz SCS for a given number of RBs – NRB, is roughly equivalent to the result for 60kHz and 2* NRB, as expected.
AMPR derivations 
We have following assumptions used for AMPR derivations
· We want to close of the gap between the -13dBm/MHz requirement and the -30dBm requirement which has 17dB gap. But in the examples of AMPR derivations, we assume a 12dB gap by assuming 5dB relaxation could be granted by regulatory. 
· Each dB BO in signal power theoretically results in 2dB reduction of the power of H2.  
· Max power reductions are in addition to the MPRs for the given modulations.
First, we calculate relative power back already in MPR based on single CC MPR table copied below from [2] 
Table 2.2‑1 MPR for power class 3
	
	
	Channel Bandwidth / MPR

	
	
	50 / 100 / 200 MHz
	400 MHz

	DFT-s-OFDM
	Pi/2 BPSK
	1.5
	3.0

	
	QPSK
	1.5
	3.0

	
	16QAM
	3
	4.5

	
	64QAM
	5
	6.5

	CP-OFDM
	QPSK
	3.5
	5.0

	
	16QAM
	5
	6.5

	
	64QAM
	7.5
	9.0



The relative power backoff in MPR comes in the following table.
[bookmark: _Ref525661464]Table 2.2‑2 MPRs relative to DFT-s-OFDM QPSK MPR
[bookmark: _GoBack][image: ]
Notations:
· – Additional performance gap to be closed is 12dB 
·  “H2 modulation and BW factor” – per table in section 2.1.
·  - MPRs relative to DFT-s-OFDM QPSK MPR (per Table 2.2-1).
We assume that we meet the original spec of -13dBm/MHz and worst case is for single RB and DFT-s-OFDM QPSK), then the required A-MPR is defined as 
              ----   Equation 1
Assuming , we have:
                                                                                   ---      Equation 2
 = 12dB is assumed with assumption of 5dB relaxation from regulatory.
The resulting AMPR (rounded to 0.5dB) is calculated below.
[bookmark: _Ref525671860]Table 2.2‑3 Required A-MPRs for SCS=60kHz
[image: ]

In Table 2.2‑3, ignoring the π/2-BPSK modulation cases, we see that the required A-MPR goes down as the number of allocated RBs increases, and for allocations >16, no A-MPRs are required.  When considering the π/2-BPSK modulation cases, we need A-MPRs up to 40 allocated RBs for the case of the prototype shaping filter.  For other cases (first and second pi/2 BPSK cases), with increase of number of RBs, there is no reduction in the maximum of the second harmonic due to the spurs. That means we have to have AMPR extended to large RB allocations. Definitely this is not preferred for pi/2 BPSK modulation.
[bookmark: _Ref525671967][bookmark: _Ref525671941]Table 2.2‑4  Required A-MPRs for SCS=120kHz
[image: ]

In Table 2.2‑4, ignoring the π/2-BPSK modulation cases, we see that the required A-MPR goes down as the number of allocated RBs increases, and for allocations >8, no A-MPRs are required.  When considering the π/2-BPSK modulation cases, we need A-MPRs up to 20 allocated RBs for the case of the prototype shaping filter.    This is roughly half the number of RBs compared to the SCS=60kHz results, resulting in the same effective BW.
Proposal 1: An equation based on equation 2 should be adopted to generate AMPR to meet CEPT -30dBm/Mhz spurious emission requirement.
Proposal 2: New NS signaling should be provided to signal UE that the Cat B spurious emission requirement needs to be met.
Note that we provide very preliminary analysis here. The assumption of 1dB signal power backoff resulting in 2dB power reduction of second harmonics may not quite true at very high power region. The AMPR values need further check on simulations and with some lab measurements. Also the relaxation of 5dB from regulatory may not be granted.
 Pi/2 BPSK modulation
The second harmonic for a π/2-BPSK modulated signal has a constant component that is independent of the modulation bits (number of PRBs), and results in 2 spurs (CW signals), that are spaced apart by the effective time domain sample frequency. They can be seen from following figure.

[image: ][image: ]
Figure 1 Left-spectrum of pi/2 BPSK, right-spectrum of pi/2 with shaping with filter [0.15 1 0.15]
The power in each spur, depends on the pulse shaping filter. But increase of the BW (i.e., number of allocated RBs) doesn’t reduce the power of these spurs. That is why we see the BW factors for pi/2 BPSK without shaping and pi/2 BPSK with shaping filter [0.15 1 0.15] are almost flat regardless of number of RBs.

In order to reduce the spur power level when the number of allocated PRB increases, we have to redesign the filter with more design freedom. We propose to remove this time domain requirement and to provide filter design more flexibility and leave EVM requirement only to govern Tx filter design. [image: ]


In our analysis of prototype shaping filter, which is designed without considering time domain constraints, we can see that the BW factors are reduced when increase of number of PRBs. But we observed at the first glance the side effect of prototype shaping filter is the increased PAPR. 

Proposal 3: Time domain filter constraints for pulse shaped pi/2 BPSK should be removed in order to provide shaping filter design flexibility to solve the 2nd harmonic issue in pi/2 BPSK modulation. Only keep EVM flatness requirement for pi/2 BPSK.

Conclusion
In this contribution, we analyzed the way on how to generate AMPR to meet Cat B requirement of -30dBm/Mhz in certain regions. AMPR is only for a small number of RB allocations for all modulations including pi/2 BPSK if time domain filter requirement for pulse shaped pi/2 BPSK is removed. We have following proposals.

Proposal 1: Equation 2 should be adopted to generate AMPR to meet CEPT -30dBm/Mhz spurious emission requirement.
Proposal 2: New NS signaling should be provided to signal UE that the Cat B spurious emission requirement of needs to be met.
Proposal 3: Time domain filter constraints for pulse shaped pi/2 BPSK should be removed in order to provide shaping filter design flexibility to solve the 2nd harmonic issue in pi/2 BPSK modulation. Only keep EVM flatness requirement for pi/2 BPSK.
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This requirement does not apply to other modulation types. The UE shall be allowed to employ spectral shaping for pi/2
BPSK. The shaping filter shall be restricted so that the impulse response of the transmit chain shall meet

|ato)| = |adt.7)| vr#0
20logio | adtr) | <-15dB  1<t<M-1,
‘Where:
| a(t,r) | =IDFT{ | a(t.f) | eled} |
f is the frequency of the M allocated subcarriers,
4(t,f) and ¢(t.f) are the amplitude and phase response, respectively of the transmit chain

0dB reference is defined as 20logio | a(t.0) |
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