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1. Introduction
In the latest version of TS 38.521-1 [1], the test procedure to verify the EVM of a UE which supports the shorter transient period capability is not aligned with RAN4 agreements [2] and assumptions [3]. In this paper we propose test procedures to correct this issue. Our proposal is inspired from the LTE conformance for EVM with exclusion period [4]. A new TDD uplink (UL) Reference Measurement Channel (RMC) is proposed for verification at SCS 15kHz. Since new RMCs impact the Annex A of both TS 38.101-1 and TS 38.521-1, this paper is submitted at both RAN4 and RAN5 for discussion/approval.
[bookmark: _Toc443593759][bookmark: _Toc460338137][bookmark: _Toc492043890][bookmark: _Toc492044144][bookmark: _Toc494295307]2. Discussion
2.1 Background on RAN5 test procedure vs RAN4 requirements for FR1 shorter transients
Figure 1, and Figure 2 below are reproduced from the TS 38.521-1 test procedure sub-clause 6.4.2.1a.4.2 [1]. 
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[bookmark: _Ref126341337]Figure 1 Error Vector Magnitude including symbols with transient period Figure 6.4.2.1a.4.2-1 [1]
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[bookmark: _Ref126341351]Figure 2: Sub-clause 6.4.2.1a.4.2 test procedure steps 2 to step 5 [1]
Figure 1 seems to imply that the EVM of the symbol after the power transient is measured after an OFF to ON transition, and the EVM of the symbol before the transient is measured prior to an ON to OFF transition. The test procedure of Figure 2 indicates the EVM in the symbols where the transient occurs is measured at PUMAX and at Pmin / Pmin+10dB for 64QAM and 256QAM respectively. These power levels are reached by sending 1dB Transmit Power Control (TPC) commands. This is not aligned with RAN4 WF [3] assumptions of a larger power step transient than 1dB.
Regarding the EVM measurement in symbols where the transient occurs: the RAN5 procedure is not aligned with RAN4 CR [2] agreement where the new ON-to-ON time-mask reproduced in Figure 3-top was introduced for EVM verification.  Figure 3-bottom (reproduction of Annex F4. Figure 4-1) provides further details on the symbol before and the symbol after the power transient, as well as an indication of the FFT start position for these symbols. 
· The symbol before the transient is the last symbol of the long subslot N. The EVM with transient should be evaluated in this symbol by using 2 FFT windows: FFTl and FFTh_tp and EVM equations of TS 38.101-1 Table 6.4.2.1a-1, and;
· The symbol after the transient is the first symbol of the long subslot N+1. The EVM with transient should be evaluated in this symbol by using 2 FFT windows: FFTl_tp and FFTh and EVM equations of TS 38.101-1 Table 6.4.2.1a-1.
Regarding the output power transient: RAN4 agreed in WF [3] that the transient is triggered by an RB allocation change at the boundary of long subslot N/ long subslot N+1. RAN4 assumed that the definition of the exact step size, channel bandwidth, and test pattern is the responsibility of RAN5. Note that in some RAN4 studies, a 20dB output power step has been used and was triggered by a 100:1 RB allocation change [5].
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[bookmark: _Ref126341753]Figure 3 - Top: TS 38.101-1 Figure 6.3.3.7-3 new ON-to-ON time-mask to verify the EVM with transient period. Bottom: TS 38.101-1 Figure F.4-1 EVM measurement window, FFT start positions and EVM in symbols where the transient occurs.
Note that in the remaining symbols of the slots, i.e. in the symbols without transient, RAN4 has not specified any EVM requirement even-though both FFTl and FFTh are available for data collection. RAN4 EVM with transient is only specified in the symbols where the transient occurs as depicted in Figure 3.
Observation 1: In TS 38.521-1 17.7.0, the time-mask to verify the EVM of UE that supports shorter transient period capability is ambiguous and does not seem to reflect the RAN4 ON-to-ON agreed time-mask (Figure 3/ TS 38.101-1 Figure 6.3.3.7-3). Also, EVM is evaluated PUMAX and at Pmin for 64QAM or at Pmin+10dB for 256QAM using 1dB step power control commands. This is not aligned with RAN4 assumptions where EVM in transients should be verified in the last symbol of the subslot preceding the power transient, and in the first symbol of the subslot that follows the power transient. Also, RAN4 assumes a larger than 1dB step-size power transient which should be triggered using an RB allocation change, not using a transmit resulting in a large power step, ie. greater than a 1dB step TPC commands.
2.2	Background on LTE conformance for PUSCH EVM with exclusion period
For LTE, the PUSCH EVM with exclusion period is specified with the following configuration and test procedure [4]:
· all bands are verified with 10MHz CBW (Table 6.5.2.1A.4.1-1),
· Only one carrier frequency is used for measurements (Low range - Table 6.5.2.1A.4.1-1),
· Figure 4 shows that the power transient is triggered by an RB allocation (LCRB) change of ratio 12:1 at the slot boundaries shown and by using 0dB TPC commands,
· The 12:1 RB allocation change is applied periodically using test pattern reproduced in Figure 4-left. Note that this test pattern is used for both TDD and FDD bands.
· The initial output power level is set to 0dBm for LCRB=12 - Figure 4-right.
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[bookmark: _Ref126579494]Figure 4 Left: TS 36.521 Figure 6.5.2.1A.4.2-1 alternating 12:1 RB allocation test pattern for LTE EVM with exclusion period. Right: Test procedure.
For frequency bands that do not support 10MHz CBW, it is not clear if the UE is exempted from conformance testing.
Observation 2: For LTE, the test procedure for EVM with exclusion period is straightforward. A single carrier frequency per band, a unique 10MHz CBW and a common test pattern is used to measure EVM in all frequency bands, i.e. the test procedure is access mode agnostic (TDD/FDD). The power transient is triggered by a 12:1 RB allocation change, i.e. a 10.8dB output power step. For bands which do not support 10MHz CBW, it is not clear if the conformance test is waived.
1.3 Proposal for shorter transient period conformance test
1.3.1 Intentions and motivation
We believe it would be beneficial that the NR EVM with transient conformance procedures re-uses as many of the LTE EVM with exclusion period test procedure. This paper aims, as much as possible, at proposing a set of RF parameters and test procedure which is:
· Duplex-mode agnostic (TDD/FDD/SUL),
· Frequency band agnostic,
· Power class agnostic,
· SCS agnostic.
The intention is to provide a common test configuration for all possible transient period “tp” capabilities that the UE may signal (tp = 2,4,7μs). 
1.3.2 UL Channel BW Selection
Figure 5 summarizes the minimum supported UL CBW per frequency band and shows that 10MHz is an UL CBW that is supported by the majority of frequency bands for both SCS 15kHz and SCS 30kHz. The only exceptions are:
· Bands n51, n91, n93 and n100 for which 5MHz is the only supported CBW, cf. Figure 5 - yellow highlighted,
· Bands n46, n96, n102 and n104 for which 20MHz is the minimum UL CBW, cf. Figure 5 - blue highlighted.
Observation 3: 10MHz is an UL CBW that can be used in the majority of the FR1 frequency bands to verify the NR EVM with transient. There are two exceptions: 1) Bands n51, n91, n93 and n100 can only be tested using 5MHz CBW at SCS15kHz, 2) Bands n46, n96, n102 and n104 for which 20MHz is the minimum UL CBW.
Based on observation 3, we make the following proposal:
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[bookmark: _Ref126581635]Figure 5: Minimum uplink channel bandwidth vs frequency band vs SCS. Yellow: bands for which 5MHz is the maximum supported UL CBW. Blue: bands for which 20MHz is the minimum supported UL CBW.
Proposal 1: For FR1, verify the EVM of a UE with shorter transient period capability with 10MHz CBW for all frequency bands except for bands n51, n91, n93 and n100 that are verified at 5MHz CBW SCS 15kHz, and for bands n46, n96, n102, n104 which are verified at 20MHz UL CBW for both SCS 15kHz and SCS 30kHz.
1.3.3 SCS Agnostic RB Allocation Change Selection
As discussed in section 2.1, RAN4 assumes that the power transient is triggered by an RB allocation change, a similar concept than the LTE EVM with exclusion period conformance. Based on proposal 1, we propose to adopt an LCRB change of 1:24 at the long subslot boundary since:
· 24RB is the maximum LCRB that can be configured at 10MHz CBW for SCS 30kHz. Hence a 1:24 RB allocation change maximizes the power step for SCS30kHz. The power step size is 13.8dB, i.e. 3dB higher than for LTE.
· 24RB is compatible with 10MHZ CBW at SCS 15kHz,
· 24RB is also compatible for EVM measurements in the exception bands of proposal 1:
· For bands n51, n91, n93 and n100, 24RB can be configured at 5MHz SCS 15kHz,
· For bands n46, n96, n102, n104, 24RB can be configured at 20MHz SCS15 and SCS 30kHz.
Observation 4: Adopting a 1:24 RB allocation change at the long subslot boundary triggers a 13.8dB power step, i.e. 3dB higher than for LTE. For 10MHz CBW operation, the 1:24 RB ratio is a configuration that can be supported for all frequency bands and all SCS.
Proposal 2: For FR1, verify the EVM of a UE with shorter transient period capability using a 1:24 RB allocation change at the long subslot boundary and with 0dB TPC commands. This RB allocation change is frequency band, duplex-mode and SCS agnostic for 10MHz CBW (cf. proposal 1). This configuration is therefore common to all transient period capabilities (tp=2,4,7 μs).

1.3.4 Output Power Levels Selection
For LTE, the transient “high” power level, say “Ph_tp”, is set to 0dBm for LCRB=12RB. For NR, the key difference is that EVM is verified using high-order modulation schemes, namely 64QAM and 256QAM. The selection of “Ph_tp” needs to be discussed as we see two options:
Option 1: “Ph_tp” is set to 0dBm for LCRB=24RB, i.e. the output transient should range from 0dBm (+- test tolerances) to the transient low power level “Pl_tp” of -13.8dBm. Option 1 has several advantages:
· It aligns the NR test procedure with that of the LTE EVM with exclusion period, where the initial step consists in sending up TPC commands until the UE has reached 0dBm. Then, an alternating RB allocation change test pattern may be applied to trigger power transients on a periodic fashion. 
· This range is compliant with the EVM with transient minimum output power requirements specified in Table 6.3.1-1.
Option 2: “Ph_tp” is set to “PUMAX” for LCRB=24RB, i.e. the output transient should range from PUMAX to PUMAX - LCRB where LCRB is the RB allocation ratio expressed in dB, i.e. LCRB = 13.8dB. Option 2 advantages are:
· Adopting PUMAX and a 13.8dB power step may provide optimal SNR test conditions under limited 5G call box dynamic range, especially for 256QAM where a high SNR is required,
· From chipset perspective, the high image rejection performance that is needed for 256QAM may not be guaranteed at low output power levels, so adoption of option 2 may be beneficial.
· This range is compliant with the EVM with transient minimum output power requirements specified in Table 6.3.1-1.
One drawback of option 2 is that since PUMAX is MPR dependent, the initial test condition needs to measure first what is the UE PUMAX for 64QAM and 256QAM for LCRB=24RB for each of the frequency bands in which the UE declares supporting the shorter transient period capability. Once PUMAX is found, the alternating RB allocation test pattern may be applied and EVM in transients may be verified.
Observation 5: While LTE EVM with exclusion period is measured using low modulation orders, the NR EVM with transient is specified for 64QAM and 256QAM which require higher SNR. We see two options:
Option 1: Set the transient high power-level, say Ph_tp” to 0dBm for LCRB=24RB, i.e. the output transient should range from 0dBm (+- test tolerances) to a the transient low power level “Pl_tp” of -13.8dBm.
Option 2: Set the transient high power level, say Ph_tp”  to PUMAX for LCRB=24RB, i.e. the output transient should range from PUMAX to PUMAX - LCRB where LCRB is the RB allocation ratio expressed in dB, i.e. LCRB = 13.8dB.
Each option has pro & cons. Option 1 is simpler to implement due to its commonality with the LTE test procedure for EVM with exclusion period and may provide acceptable SNR test conditions. The main disadvantage of Option 2 is that it requires to find what it the UE PUMAX for each band in which the UE declares supporting the transient capability. 
Provided it allows proper test conditions to demodulate 256QAM, we have no objection to adopting the “option 1” LTE test conditions for conformance testing of the NR FR1 EVM with transients.
1.3.5 Duplex-mode Agnostic ON-to-ON Test Pattern Selection 
We propose to re-use the LTE test pattern since this pattern is duplex-mode agnostic, i.e. it can be used for testing FDD and TDD bands. Figure 6, Figure 7, Figure 8 illustrate the proposed test patterns where “Ph_tp” and “Pl_tp” denote respectively the transient high power-level and transient low power-level. 
Proposal 3: For FR1 frequency bands that support 10MHz UL CBW, verify the EVM of a UE with shorter transient period capability with the alternating 1:24 RB test pattern of Figure 6 – left for SCS 15KHz and Figure 6 – right for SCS 30kHz. For SCS15kHz, Figure 6 – left requires a new UL RMC that is proposed in Proposal 6.
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[bookmark: _Ref126585909]Figure 6: 1:24RB alternating test patterns for bands that support 10MHz UL CBW. Left: test pattern for SCS15kHz. Right: test pattern for SCS30kHz.
Proposal 4: For FR1 frequency bands that support only 5 MHz UL CBW (currently bands n51, n91, n93 and n100), verify the EVM of a UE with shorter transient period capability with the alternating 1:24 RB test pattern of Figure 7 for SCS 15KHz. Figure 7 requires a new UL RMC that is proposed in Proposal 6.
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[bookmark: _Ref126586057]Figure 7: Left: 1:24RB alternating test pattern for bands that support 5MHz UL CBW at SCS15kHz.

Proposal 5: For FR1 frequency bands where 20MHz is the minimum supported UL CBW, verify the EVM of a UE with shorter transient period capability with the alternating 1:24 RB test pattern of Figure 8 – left for SCS 15KHz and Figure 8– right for SCS 30kHz. For SCS15kHz, Figure 8– left requires a new UL RMC that is proposed in Proposal 6.
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[bookmark: _Ref126586488]Figure 8: 1:24RB alternating test patterns for bands where 20MHz is the minimum supported UL CBW. Left: test pattern for SCS15kHz. Right: test pattern for SCS30kHz.

1.3.6 New UL TDD RMC for SCS 15kHz
The power transient in proposals 4 & 6 for SCS 30kHz is triggered at the boundaries of uplink slot #8/#9 and slot #18/19#. We observe this test pattern is compatible with TS 38.101-1 TDD UL RMC of Table A.2.1-1. However, for EVM measurement at SCS 15kHz, the Table A.2.1-1 TDD UL RMC does not create an ON-to-ON transition, i.e. the EVM with transient cannot be verified with the current TDD UL RMC. We therefore make the following proposal:
Proposal 6: For FR1 TDD bands, verify the EVM of a UE with shorter transient period capability at SCS 30kHz with the Annex A TDD UL RMC of Table A.2.1-1. For SCS 15kHz, adopt the new TDD UL RMC of Table 1.
[bookmark: _Ref126587401]Table 1: Additional TDD UL RMC for EVM with transient verification at SCS15kHz.
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3. Conclusion
This contribution collects our views on FR1 conformance test procedures for EVM with transient period. We make proposals inspired by the legacy LTE test procedure for EVM with exclusion period, i.e., the intention is to propose a test procedure that is as much as possible, frequency band agnostic, SCS agnostic, and duplex-mode agnostic. The intention is to provide a common test procedure and a common set of RF test configurations to verify any transient period capability that the UE may signal per frequency band of operation (tp = 2, 4 or 7μs).
Proposal 1: For FR1, verify the EVM of a UE with shorter transient period capability with 10MHz CBW for all frequency bands except for bands n51, n91, n93 and n100 that are verified at 5MHz CBW SCS 15kHz, and for bands n46, n96, n102, n104 which are verified at 20MHz UL CBW for both SCS 15kHz and SCS 30kHz.
Proposal 2: For FR1, verify the EVM of a UE with shorter transient period capability using a 1:24 RB allocation change at the long subslot boundary and with 0dB TPC commands. This RB allocation change is frequency band, duplex-mode and SCS agnostic for 10MHz CBW (cf. proposal 1). This configuration is therefore common to all transient period capabilities (tp=2, 4, 7μs).
The selection of the high and low power levels at which the transient occurs needs further discussion, as captured in observation 5.
Observation 5: While LTE EVM with exclusion period is measured using low modulation orders, the NR EVM with transient is specified for 64QAM and 256QAM which require higher SNR. We see two options:
Option 1: Set the transient high power-level, say Ph_tp” to 0dBm for LCRB=24RB, i.e. the output transient should range from 0dBm (+- test tolerances) to a the transient low power level “Pl_tp” of -13.8dBm.
Option 2: Set the transient high power level, say Ph_tp”  to PUMAX for LCRB=24RB, i.e. the output transient should range from PUMAX to PUMAX - LCRB where LCRB is the RB allocation ratio expressed in dB, i.e. LCRB = 13.8dB.
Each option has pro & cons. Option 1 is simpler to implement due to its commonality with the LTE test procedure for EVM with exclusion period and may provide acceptable SNR test conditions. The main disadvantage of Option 2 is that it requires to find what it the UE PUMAX for each band in which the UE declares supporting the transient capability. 
Provided it allows proper test conditions to demodulate 256QAM, we have no objection to adopting the “option 1” LTE test conditions for conformance testing of the NR FR1 EVM with transients.

Proposal 3: For FR1 frequency bands that support 10MHz UL CBW, verify the EVM of a UE with shorter transient period capability with the alternating 1:24 RB test pattern of Figure 6 – left for SCS 15KHz and Figure 6 – right for SCS 30kHz. For SCS15kHz, Figure 6 – left requires a new UL RMC that is proposed in Proposal 6.
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Figure 6: 1:24RB alternating test patterns for bands that support 10MHz UL CBW. Left: test pattern for SCS15kHz. Right: test pattern for SCS30kHz.
Proposal 4: For FR1 frequency bands that support only 5 MHz UL CBW (currently bands n51, n91, n93 and n100), verify the EVM of a UE with shorter transient period capability with the alternating 1:24 RB test pattern of Figure 7 for SCS 15KHz. Figure 7 requires a new UL RMC that is proposed in Proposal 6.
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Figure 7: Left: 1:24RB alternating test pattern for bands that support 5MHz UL CBW at SCS15kHz.

Proposal 5: For FR1 frequency bands where 20MHz is the minimum supported UL CBW, verify the EVM of a UE with shorter transient period capability with the alternating 1:24 RB test pattern of Figure 8 – left for SCS 15KHz and Figure 8– right for SCS 30kHz. For SCS15kHz, Figure 8– left requires a new UL RMC that is proposed in Proposal 6.
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Figure 8: 1:24RB alternating test patterns for bands where 20MHz is the minimum supported UL CBW. Left: test pattern for SCS15kHz. Right: test pattern for SCS30kHz.
Proposal 6: For FR1 TDD bands, verify the EVM of a UE with shorter transient period capability at SCS 30kHz with the Annex A TDD UL RMC of Table A.2.1-1. For SCS 15kHz, adopt the new TDD UL RMC of Table 1.
Table 1: Additional TDD UL RMC for EVM with transient verification at SCS15kHz.
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2. Send continuously uplink power control "up" commands in the uplink scheduling information to the UE until the
UE transmits at Posssxiae, allow at least 200ms starting from the first TPC command in this step for the UE to
reach Puyix level.

3. Measure the EVM and EVM pyrs using Global In-Channel Tx-Test (Annex E) applying tpuun of Table
6.4.2.1a.3-1 according to the declared enhanced transient capability. For TDD, only slots consisting of only UL
symbols are under test as indicated in Figure 6.4.2.1a.4.

4. For CP-OFDM 64 QAM modulations, send uplink power control commands to the UE using 1dB power step
size to ensure that the UE output power measured by the test system is within the Uplink power control window,
defined as +MU to +(MU + Uplink power control window size) dB of the target power level Pmin, where:

- Pmin s the minimum output power according to Table 6.3.1.3-1.

- MU is the test system uplink power measurement uncertainty and is specified in Table F.1.2-1 for the carrier
frequency fand the channel bandwidth BW.

- Uplink power control window size = 1dB (UE power step size) + 0.7dB (UE power step tolerance) + (Test
system relative power measurement uncertainty), where the U power step tolerance is specified in TS
38.101-1 [2], Table 6.3.4.3-1 and is 0.7dB for 1dB power step size, and the Test system relative power
measurement uncertainty is specified in Table F.1.2-1.

For CP-OFDM 256 QAM modulations, send uplink power control commands to the UE using 1dB power step
size to ensure that the UE output power measured by the test system is within the Uplink power control
window, defined as +MU to +(MU + Uplink power control window size) dB of the target power level Pmin +
10 dB, where Pmin, MU and Uplink power control window size are defined above.

5. Measure the EVM and EVM pus using Global In-Channel Tx-Test (Annex E) applying tpyur of Table
6.4.2.1a.3-1 according to the declared enhanced transient capability. For TDD, only slots consisting of only UL
symbols are under test.
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Figure 6.3.3.7-3: Consecutive long subslot transmission and long subslot transmission time mask
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TDD Slot Configuration pattern (Note 1)

Special Slot Configuration (Note 2)

referenceSubcarrierSpacing

NOTE 1: D denotes a slot with all DL symbols; S denotes a slot with a mix 

of DL, UL and guard symbols; U denotes a slot with all UL symbols. The 

field is for information.

NOTE 2: D, G, U denote DL, guard and UL symbols, respectively. The field 

is for information.


