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Introduction
In RAN WG4 #92bis, a WF [1] was agreed in which companies are invited to study test parameters to evaluate the impact of an RF power change transient onto the EVM performance. This contribution focuses on the case of CP-OFDM waveforms.  
Discussion
For CP-OFDM waveforms, as pointed out in [2], it is not possible to exclude the transient period from the FFT samples. Throughout this document, we denote “tp” the UE declared Transient Period capability expressed in microseconds (μs), and “symbol 0” the symbol in which the transient occurs at its boundaries. 
Proposal for CP-OFDM Core Requirements.


The intention is to bring CP-OFDM requirements and testability as close to that proposed for DFT-S-OFDM in companion proposal [3] as possible. In LTE and in NR, the average EVM is currently defined as , where EVMl and EVMh are EVM measurements performed using two distinct EVM FFT processes. EVMl is measured with an FFT that we call “early FFT”, and EVMh is measured with an FFT that we call “late FFT”. The early and late FFT start positions within the cyclic prefix (CP) are defined by the concept of Window Length “W” (Annex F.5 TS 38.101-1 /38.101-2). For NR, W is always equal to 50% of the CP length, meaning that the early FFT start position is located at 25% of the CP, the late FFT start position is 75% of the CP. This concept is illustrated in Figure 1 below for FR1 10s transient period. In the example of Figure 1, it can be seen that the longest UE transient period “tp” that can be excluded from the EVM measurement is that obtained by using the late FFT, i.e. one can emulate the DFT-S-OFDM EVM with exclusion period concept [3] for CP-OFDM waveforms for transient whose duration “tp” is at maximum equal to 150% of the CP length ( 75 s). This concept allows testing a UE declaring a “tp” corresponding to transient #1 in Figure 1. Obviously, UEs with ‘tp’ less than 150% CP length could accordingly be tested and core requirements can therefore be verified. To enable this concept, the EVM calculation for CP-OFDM must be changed to .
For the case of transient period “tp” is longer than 150% of the CP length (case of transient #2 in Figure 1), the portion of transient that spans from 150% of the CP length until the end of UE transient period is absorbed by the late FFT and will degrade EVM. To ensure the declared UE “tp” value is accurately verified, we encourage companies to study an EVM budget derating that will be used as pass / fail criteria. 

[image: ]
Figure 1: Summary of early/late EVM FFT measurement processes for NR, FR1 default 10s transient period vs two different UE transient period duration 'tp'. UE with better transient capability than default 38.101-1 illustrated with transient #1, transient #2 UE uses the allowed 10s transient period.
For the case where the PUSCH/PUCCH transmission is shortened due to multiplexing with SRS transmissions, the transient is no longer centered at symbol/slot boundaries. In these cases, the transient period falls entirely in either the preceding symbol or the subsequent symbol prior/after the SRS transmissions. It is proposed to adopt the LTE legacy requirement which consists in reducing the EVM measurement interval by 1 symbol. We therefore make the following proposals.
Proposal 1: For CP-OFDM waveforms operation in FR1 and FR2
a) When the transient is not centred at slot/symbol boundaries, i.e. when the transient falls entirely into either the preceding or the subsequent symbol, the EVM measurement interval is reduced by one symbol.
In the case of PUSCH or PUCCH transmissions when the mean power is expected to change across slot/symbol boundaries:
b) 
In order to provide the largest possible exclusion period, the EVM is calculated using, where EVMl and EVMh are measured with the early and late FFTs according to Window Length specifications. This change allows to exclude ‘tp’duration as long as 150% of the CP length.
c) When the UE declares a transient period “tp” in the UE transient period capability signalling message which is longer than 150% of the cyclic prefix (CP) length, an EVM relaxation is allowed as defined in table [TBD]. Companies are encouraged to evaluate the EVM relaxation budget.
For CP-OFDM waveforms, the concept of Modified Signal Under test (Annex F.4 TS 38.101-1 /38.101-2) and Window Length (Annex F.5 TS 38.101-1 /38.101-2) remain unchanged.
Proposal 2 is a reformulation intended for CR implementation.
Proposal 2: 	For CP-OFDM waveforms operation in FR1 and FR2:
a) When the PUSCH or PUCCH transmission slot or subslot is shortened due to multiplexing with SRS, the EVM measurement interval is reduced by one symbol.
In the case of PUSCH or PUCCH transmissions when the mean power, modulation or RB allocation across slot or subslot boundaries is expected to change:
b) 


The EVM result is defined after the front-end FFT and is calculated using, where  and are defined in Annex F.
c) In the case of PUSCH transmissions, when the UE declares a transient period “tp” in the UE transient period capability signalling message which is longer than 150% of the cyclic prefix (CP) length, an EVM relaxation is allowed as defined in table [TBD].
  
Proposal for CP-OFDM Testability Aspects

To minimize impact on legacy test equipment and test procedure, we make following proposal. Compared to DFT-S-OFDM proposal [3], it is proposed here to adopt the lowest SCS so that the greatest exclusion period is achieved by adopting . For operation in FR2, the selected test conditions aim at ensuring the test conditions fit within the restricted OTA test setup dynamic range challenges.
Proposal 3: 	For CP-OFDM operation in FR1
· 20 MHz Channel Bandwidth,
· Highest supported modulation scheme,
· Lowest supported SCS for tested frequency band of operation,
· Power change triggered by a 100:1 RB allocation change,
· Initial PUSCH RB allocation is 1 RB,
· FR1:Initial PUSCH power class 3 transmit power of 0 dBm ± [3.2] dB for carrier frequency f ≤ [3.0] GHz or 0 dBm ± [3.5] dB for carrier frequency [3.0] GHz < f ≤ 7.125 GHz,
· Slot type: 14 OFDM symbols / slot,
· Measurement evaluated for 10 uplink sub-frames in a reduced time interval due to exclusion periods for the average EVM.
· Test pattern: Alternating 1 subframe modulating 1RB at offset position 0, 1 subframe modulating 100 RB at offset position 0.

Proposal 4: 	For CP-OFDM operation in FR2:
· 50 MHz Channel Bandwidth,
· Highest supported modulation scheme,
· Lowest supported SCS for tested frequency band of operation,
· Power change triggered by a 64:1 RB allocation change,
· Initial PUSCH RB allocation is 1 RB,
· FR2: Initial PUSCH EIRP transmit power of 0dBm for power class 3, test tolerances are currently [TBD].
· Slot type: 14 OFDM symbols / slot,
· Measurement evaluated for 10 uplink sub-frames in a reduced time interval due to exclusion periods for the average EVM.
· Test pattern: Alternating 1 subframe modulating 1RB at offset position 0, 1 subframe modulating 64 RB at offset position 0.

Discussion on Applicability of Average EVM to Measure UE Transient Period
Similar to DFT-S-OFDM [3], we make the following observations regarding the use of average EVM over 14 symbols as pass/fail criteria. 
Observation 1 With 14 OFDM symbols per slot, the EVM degradation budget for the symbol in which the RF transient occurs (symbol 0) can be well in excess of the required SNR of the targeted modulation scheme.
Observation 2: Using EVM averaged over 14 symbols is not sufficient to ensure the declared transient period “tp” is effectively what the UE delivers since the core requirement rms EVM can be met even if the symbol 0 EVM is well in excess of the tested modulation order.
We therefore make the following proposal.
Proposal 5: Companies are encouraged to evaluate the need to introduce an additional EVM core requirement and study the companion test methodology described below. 
For CP-OFDM operation in FR1, when power change occurs at slot/sublsot boundaries, use the alternating test pattern 1RB/100RB at every subframe for the highest modulation scheme and highest SCS to:
Step 1: Measure symbol 0 rms EVM,
Step 2: Measure rms EVM averaged over 14 symbols,
Step 3: Verify UE EVM conformance with transient period for the targeted modulation order as:
3.1 The average symbol 0 EVM obtained in step 1 shall not exceed the core requirement by more than [TBD] % 
3.2 The average EVM core requirement averaged across all symbols in a slot shall be met.
For step 3.1, the maximum symbol 0 EVM could for example be defined as core requirement + [5] %.
Conclusion
This contribution proposes core requirement for EVM due to power change transient for CP-OFDM for operation in FR1 and FR2. Testability aspects are also proposed for both frequency ranges. Finally, it is observed that if core requirement is tested with a large number of OFDM symbols per slot, it is possible for a UE to exceed its declared transient period capability ”tp” and yet still meet the average EVM core requirement for the targeted modulation scheme. We therefore propose to introduce an additional core requirement which consists in measuring the average EVM of symbol 0 when power change occurs. Symbol 0 is the symbol for which the transient due to power change occurs at its boundaries (cf. Figure 1).
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