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1 Background

The specification of a EVM equalizer spectrum flatness requirement for FR2 for pi/2-BPSK with spectral shaping is still open. The EVM flatness is a requirement on the zero-forcing equalizer correction applied in the EVM measurement process for this measurement to be valid. The spectral flatness requirement (and the maximum correction thus allowed) for modulations with spectrum shaping should represent a compromise between the achievable UE power gains and the impact of spectrum shaping of the uplink receiver performance in accordance with the way forward in [1]. Proposed values for the maximum correction (equalizer ripple) range from 12 dB in view of the impact on the BS receiver performance [2] to a tentative 20 dB for maximum UE power increase [3]. In [4] it is proposed to adopt the latter value also for FR1.
The existing requirement in 38.101-2 applicable for unshaped transmissions already allows up to a 16 dB ripple based on the requirement for FR1 that is copied from LTE. The latter is specified with account for the ripple introduced by acoustic duplex filters and the impact of the filter roll-off at the band edges, which is clearly not relevant for FR2. This ripple is even larger than the maximum proposed in [2] for shaped transmissions. A discussion of the existing requirement for unshaped modulation is therefore also relevant: the specification of the flatness requirement should cover both shaped and unshaped transmission and be generic without any assumptions on the shaping method used.
The spectral flatness requirement for LTE is based on estimated ripple across the allocated PRBs mainly due that of the duplex filter: a ±2 dB ripple across test channels assigned in the interor of the operating band with a large ripple allowed for channels assigned at the band edge, see Figure 1. For extreme conditions, a larger ripple is allowed at the band edge to account for a larger frequency shift of the acoustic filter (and resulting filter attenuation) at the larger temperature range. 

Figure 1 (Figure 6.5.2.4.1-1 in 36.101) : The limits for EVM equalizer spectral flatness with the maximum allowed variation of the coefficients indicated (the ETC minimum requirement within brackets).
Next, the existing specification for FR2 with unshaped transmissions is based on [5] in which it was proposed that the flatness mask covers only the channel bandwidth rather than the operating band, somewhat similar to proposals for pulse-shaped pi/2-BPSK that cover the actual transmission bandwidth. Below is an excerpt from 38.101-2:
Table 6.4.2.4-1: Minimum requirements for EVM equalizer spectrum flatness (normal conditions)
	Frequency range
	Maximum ripple [dB]

	FUL_Meas – FUL_Low ≥ X MHz and FUL_High – FUL_Meas ≥ X MHz 

(Range 1)
	4 (p-p)

	FUL_Meas – FUL_Low < X MHz or FUL_High – FUL_Meas < X MHz 

(Range 2)
	12 (p-p)

	NOTE 1:
FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated

NOTE 2:
FUL_Low and FUL_High refer to channel edges

NOTE 3:
X, in MHz, is equal to 20% of the CC bandwidth


Table 6.4.2.4-2: Minimum requirements for EVM equalizer spectrum flatness (extreme conditions)
	Frequency range
	Maximum ripple [dB]

	FUL_Meas – FUL_Low ≥ X MHz and FUL_High – FUL_Meas ≥ X MHz 

(Range 1)
	4 (p-p)

	FUL_Meas – FUL_Low < X MHz or FUL_High – FUL_Meas < X MHz 

(Range 2)
	16 (p-p)

	NOTE 1:
FUL_Meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated

NOTE 2:
FUL_Low and FUL_High refer to channel edges

NOTE 3:
X, in MHz, is equal to 25% of the CC bandwidth
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Figure 6.4.2.4-1: The limits for EVM equalizer spectral flatness with the maximum allowed variation of the coefficients indicated under normal conditions (the requirement under extreme conditions is within the parentheses).
Two observations were behind the ripple proposed, quoting from [5],
Observation 1: The filter design characteristics for FR2 are not expected to be as sharp in their transitions as in LTE (or NR sub-6 GHz).

Observation 2: The largest spectrum utilization case is 95% of the bandwidth for FR2, which represents an increased utilization of the overall spectrum when compared to LTE (90%).

Given Observation 2, the equalizer ripple is expected to increase relative to the LTE baseline.

Proposal 2: The maximum ripple for Range 2 is defined as 12 dB under normal conditions and 16 dB under extreme conditions.

on which we make the following remarks
1. Observation 1 contradicts the proposal that the allowed ripple (equaliser correction) across the allocated PRB should be larger than the 4 dB p-p allowed for interior channels for FR1;
2. Observation 2 suggests that the ripple across the allocated PRB introduced by filtering/windowing for compliance with unwanted emissions requirements with a 95% SU is larger than that introduced by an acoustic duplex filter at extreme conditions for FR1; for LTE with its 90% SU the flatness requirement is still 4 dB p-p for interior channels
Hence Proposal 2 above appears as an excessive relaxation with possible implications on BS demodulation performance similar to those observed for shaped pi/2-BPSK transmissions. In view of Observation 1 above and in the absence of duplex filters in FR2, a flatness mask with a constant ripple across any PRB allocation in the assigned channel appears more reasonable. Some allowance for power droop for very large channel bandwidth should be allowed, e.g. a (4 + 2) dB p-p requirement for any channel assignment.
In this contribion we propose a EVM flatness mask that is applicable for both shaped pi/-2-BPSK transmissions and unshaped transmissions for higher-order modulations.
2 Accommodating pulse-shaped pi/2-BPSK transmissions
For shaped pi/2-BPSK transmissions, the results presented in [] suggest that an EVM equaliser flatness mask that allows

(2.1)
X1 = [6] dB (as agreed earlier)

X2 = [10 to 12 dB] 

including other TX chain variability (e.g. from RF front-end filters) would allow net link gains for partial PRB allocations relevant for the coverage scenario at a limited UL performance loss. The increased UE transmit power (‘negative’ MPR) enabled by the shaping would compensate for the sensitivity degradation at the BS due to the spectral shaping. 

It has been suggested that the BS receiver apply additional compensation known a priori in order to reduce the degradation caused by spectral shaping. However, the specification of the flatness should be generic without a priori assumptions of spectral shaping and an assumed standard reference architecture of the BS receiver applicable for any modulation. Moreover, the UE transmit power (MPR) gains depend on the actual UE implementation and may not always compensate the UL demodulation loss.
The modification of the DMRS sequences proposed in [6] would allow a further reduction of X2 and risk of BS desensitization while still allowing an MPR gain. In [6] it is observed that shaped ZC has worse PAR than shaped pi/2-BPSK and that a PA can typically transmit 2dB more power in shaped pi/2 BPSK as compared to SC QPSK for a given EVM. Conducting a similar exercise, we have compared two sequences, only ZC DMRS versus only pi/2-BPSK PUSCH. The results are displayed in Figure 2 that displays the PAPR and the maximum UE output power as a function of the spectral shaping used for DMRS ZC and pi/2-BPSK PUSCH sequences. Clearly, the ZC sequence is limiting performance. Using a modified DMRS sequence with performance similar to pi/2-BPSK PUSCH, the UE maximum output power gain saturates at a spectral shaping corresponing to X2 = 12 dB as proposed in [2].
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Figure 2: the PAPR and UE output power as a function of spectral flatness for ZC DMRS and pi/2-BPSK PUSCH.
The proposal (2.1) implies a X1 = 6 dB p-p EVM equaliser flatness requirement for the centre PRBs of a pi/2-BPSK waveform, see the proposed mask in Figure 3 taken from an earlier way forward. This value could also work for unshaped transmission regardless of the PRB allocation and channel bandwidth as discussed in the background above. Hence for unshaped modulation, X1 = X2 = 6 dB for all channel assignments.
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Figure 3: EVM equaliser flatness mask proposed for pi/2-BPSK.

For shaped transmissions, the X2 value proposed in (2.1) should be increased slightly to account for a possible power droop the edges of the channel bandwidth assigned (measured). The resulting EVM equaliser flatness mask is shown in Table 1 with change bars relative to the current version of 38.101-2. This mask could actually apply both for normal and extreme conditions at FR2. Now, for LTE, the EVM requirements on the allocated PRB only apply for normal conditions so the requirements for extreme conditions are actually irrelevant (the in-band emissions are not equalised).
Table 1: Minimum requirements for EVM equalizer spectrum flatness (normal conditions)
	Frequency range
	Maximum ripple [dB]

	F_meas – F_center ≤ X MHz or F_center – F_meas ≤ X MHz 

(Range 1)
	[6] (p-p)

	F_meas – F_center > X MHz or F_center – F_meas < X MHz 

(Range 2)
	[6] (p-p)

	
	[14] (p-p)
(NOTE 4)

	NOTE 1:
F_meas refers to the sub-carrier frequency for which the equalizer coefficient is evaluated

NOTE 2:
F_center refers to the center frequency of an allocated contiguous block of PRBs
NOTE 3:
X, in MHz, is equal to 25% of the bandwidth of the PRB block
NOTE 4:
Applicable for pi/2-BPSK modulation


The spectral flatness mask in Table 1 applies for all modulations and accommodates pulse-shaping for pi/2-BPSK. We also propose to modify the notation: the notations FUL_Low and FUL_High should be reserved to mean the operating band edges.
3  Proposal
It is proposed to specify an EVM equaliser spectrum flatness masks with
1. X1 = X2 = [6] dB for unshaped transmissions and modulation orders of QPSK and higher

2. X1 = [6] dB and X2 = [14] dB for pi/2-BPSK modulation 

thus accommodating spectrum shaping for pi/2-BPSK.

The flatness mask can be specified for normal condtions only should it be decided that the EVM requirements only apply for normal conditions. A CR is supplied in [7].
References
1. R4-1711569, “WF on EVM Equalizer Flatness for p/2 BPSK Waveforms With Spectrum Shaping”, Qualcomm
2. R4-1800390, “Updated results on pulse shaping for pi/2-BPSK”, Ericsson

3. R4-1714445, “WF on pi/2 BPSK spectrum shaping and power class in FR2”, Intel Corporation, Apple, Qualcomm, IITH, LGE, Nokia , Huawei, Motorola Mobility
4. R4-1800261, “pi/2 BPSK spectrum shaping for FR2”, IITH, CEWiT, Tejas Networks, IITM,  Reliance Jio
5. R4-1714372, “TP to TS38.101-2 on EVM equalizer spectrum flatness requirements”. Intel Corporation

6. R4-1800315, “DMRS Limits Power Potential of pi/2 BPSK with SS”, Qualcomm Incorporated

7. R4-1802353, “EVM equaliser spectrum flatness accommodating pi/2-BPSK”, Ericsson
 f   





 FUL_High 





 FUL_High – 3(5) MHz 





 





   < 4(4) dBp-p     





Range 1





Range 2





  max(Range 1)-min(Range 2) < 5(6) dB  





  max(Range 2)-min(Range 1) < 7(10) dB  





   < 8(12) dBp-p     








[image: image4.bmp] (
 f   
 F
UL_High
 
 F
UL_High 
– X MHz 
 
   < 4(4) dB
p-
p
  
   
Range 1
Range 2
  max(Range 1)-min(Range 2) < 5(6) dB  
  max(Range 2)-min(Range 1) < 11(14) dB  
   < 12(16) dB
p-
p
  
   
)

image1.gif








