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1 Background

In this contribution we summarize the observations in [1] on EVM spectral flatness for all modulation orders and discuss agreements made in other WGs with a view to complete the specification. 

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 achievable UE power gains and the impact of spectrum shaping on the uplink receiver performance. 
2 General requirement for all modulation orders

The equalizer ripple allowed by the existing requirement in 38.101-2 applicable for unshaped transmissions is excessive: it already allows up to a 16 dB ripple based on the requirement for FR1 copied from LTE. This is even larger than the maximum ripple proposed in [2] for shaped transmissions devised with a view to minimize the risk of BS desensitization. The requirement for LTE/FR1 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.
The specification of the EVM flatness in the current version is based on [3]. We make the following comments on the observations and proposals therein:
1. Observation 1 that the filter design characteristics for FR2 are not expected to be as sharp in their transitions as in LTE 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 on the increased SU compared to LTE 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
3. Proposal 2 with its he maximum ripple for Range 2 defined as 12 dB under normal conditions and 16 dB under extreme conditions 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 a flatness mask with a constant ripple across any PRB allocation in the assigned channel appears more reasonable in the absence of duplex filters in FR2. The FR2 requirements are verified OTA but the frequency response is typically more flat across the assigned channel bandwidth (PRBs). 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 and modulation order including (unshaped) pi/2-BPSK transmissions.
3 Accommodating shaped pi/2-BPSK transmissions
Up to a point, the increased UE transmit power (“negative” MPR) enabled by shaping compensates for the sensitivity degradation at the BS due to the spectral shaping. For shaped pi/2-BPSK transmissions, the results presented in [3] suggest that an EVM equaliser flatness mask that allows

(3.1)
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. 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 specification of the flatness requirement should cover both shaped and unshaped transmission and be generic without assumptions on the shaping method used (up to UE implementation). The proposal (3.1) 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 in (3.1) 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, the EVM requirements (on the allocated PRB) only apply for normal conditions so the requirements for extreme conditions are 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 transmissions


4 Agreements in other WGs

Specifing radio requirements is ultimately RAN4 responsibility. With regard to pi/2-BPSK transmissions with spectrum shaping RAN4 has received the folloing guidance and recommendations from RAN1 [4]
Agreement

· The filter used for “Pi/2-BPSK spectral shaping without bandwidth expansion” is not defined in the standard, but the performance requirements are to define the boundary conditions to the filter implementations. To ensure good performance of the filter implementations, RAN1 suggests RAN4 to set requirements at least for spectrum flatness, in-band/out-of-band emission and EVM. Further, RAN1 recommends RAN4 to discuss the expectations on the shaping filter characteristics in time domain (pre-DFT)/frequency domain (post-DFT) to meet the above requirements.
· Exact Filter implementation is an UE implementation specific issue
· DMRS design for pi/2 BPSK based PUSCH transmission shall be included in the December version of the specification
Spectral shaping for pi/2-BPSK is not a specified in the 38.211, hence there is no specification of any methodology for shaping the spectrum. The shaping can be any as long as the UE complies with the EVM subject to the equalizer flatness mask, the IBE and the unwanted emissions requirements. Furthermore, RAN4 has discussed filter characteristics in the time-domain in its assessment of the said radio requirements. We remark that the flatness mask as specified in Table 1 above and the existing IBE mask can accommodate pulse-shaped pi/2-BPSK and allow significant UE power gains while minimizing the risk of net link losses due to BS desensitization. There can be no other requirements.
5  Proposal
1.    It is proposed to specify an EVM equaliser spectrum flatness masks with
a. X1 = X2 = 6 dB for unshaped transmissions and modulation orders of QPSK and higher

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

       thus accommodating spectrum shaping for pi/2-BPSK.

2.   There can be no requirements on the spectral shaping 38.101-2 in the absence of corresponding requirements in 38.211.
3.   The flatness mask is specified for normal condtions only since the EVM requirements apply only for normal conditions. 
A CR is supplied in [5].
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