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1	Introduction
In RAN4 #92, a WF on Transient Period Capability has been agreed [1]. This document discusses each of the WF topics.
2	Discussion
2.1 Issue 1: Location of the Improved Transient Period
Two types of transient periods are defined in [2]:
· Type 1: Transient periods which is shared symmetrically across slot or subslot boundaries, i.e. the transient period is centred at slot/subslot boundaries. This is the case for example of PUCCH/PUSCH On to ON transitions. In this case, the RF transient is allowed to start anywhere within the period, i.e. transient is allowed to start prior to symbol boundaries.
· Type 2: Transient periods which fall entirely into one symbol. This is the case when the PUSCH or PUCCH transmission slot or subslot is shortened due to multiplexing with SRS, or due to a long subslot – short subslot – long subslot transition.
 Both transient types are best illustrated in Figure 1 below which is a reproduction of Figure 6.3.3.7-1 [2].
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Figure 1: PUCCH/PUSCH/SRS time mask when there is a transmission before or after or both before and after SRS, when sounded on the same antenna (Ant ‘x’). Type 1 transients (left) are shared symmetrically at slot/sub-slot boundaries. Type 2 transients fall entirely into one symbol (right side).
2.1.1.1 Type 1 transient periods
For a UE with better transient capability of say “X s”, with X < 10 s, the transient period “X” is shared symmetrically across slot boundaries with “X/2” s overlapping the last symbol of preceding slot “N0”, and “X/2” s overlapping the first symbol of next the slot “N+1”. An additional transient diagram is not needed as this definition could be captured in text.
Proposal 1: For a UE with transient capability of “X” s, with “X” < 10 s,  when the transient period is centred on slot or subslot boundaries, the transient period “X” is split symmetrically across the slot or subslot boundaries.
2.1.1.1 Type 2 transient periods
For a UE with better transient capability of say “X s”, with X < 10 s, a type 2 transient period overlaps the last symbol of preceding slot “N0” by “X s”, and overlaps by “X s” the first symbol of next slot “N+2”. An additional transient diagram is not needed as this definition could be captured in text. 
Proposal 2: For a UE with transient capability of “X” s, with “X” < 10 s, in the case when the PUSCH or PUCCH transmission slot or subslot is shortened due to multiplexing with SRS, or due to a long subslot – short subslot – long subslot transition, “X s” transient period applies to all corresponding transient diagrams.
2.2 Issue 2: Power and Modulation Change
Power change for NR should adopt the test methodology defined for LTE EVM with exclusion period, i.e. a large power change is triggered by a change in the UL RB allocation at a given constant modulation scheme. To maximize re-use of legacy test equipment, testing could be performed using SCS 15 kHz.  
Table 1 shows the maximum power step for an RB allocation change that is computed as the ratio of maximum transmission bandwidth configuration compatible with both waveform types (DFT-S-OFDM and CP-OFDM) to a 1,2,4,16 UL RB allocation. The worst case power change is 24 dB, however note that in example use-case 1 of [3], the maximum power change due to RB change is 12.3 dB. We believe the test pattern power change should be large enough to either trigger a Power Amplifier (PA) supply voltage change or/and a switching of PA mode of operation, for example a transition from average power tracking to envelope tracking mode. In this respect, our preference is for the largest possible power step, i.e. in a cell bandwidth that is compatible with the greatest number of frequency bands. We propose to adopt 20MHz CBW, SCS 15kHz and a UL RB ratio of [100:1]. This choice is justified by the fact that considering the allowed relative power step tolerances, the exact value of 24 dB might not be exactly met.
Table 1: Power change step size (dB) vs UE channel bandwidth for a minimum UL RB allocation of 1,2,4 and 16 RBs.
	Minimum UL RB allocation / UE Channel Bandwidth / Maximum transmission bandwidth configuration compatible with DFT-S-OFDM and CP-OFDM / Power Step size [dB]

	
	Minimum
UL RB
Allocation
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	80 MHz
	90 MHz
	100 MHz

	
	
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB
	NRB

	
	
	25
	50
	75
	100
	128
	160
	216
	270
	N/A
	N/A
	N/A
	N/A

	Power Step [dB]
	1
	14.0
	17.0
	18.8
	20.0
	21.1
	22.0
	23.3
	24.3
	N/A
	N/A
	N/A
	N/A

	
	2
	11.0
	14.0
	15.7
	17.0
	18.1
	19.0
	20.3
	21.3
	N/A
	N/A
	N/A
	N/A

	
	4
	8.0
	11.0
	12.7
	14.0
	15.1
	16.0
	17.3
	18.3
	N/A
	N/A
	N/A
	N/A

	
	16
	1.9
	4.9
	6.7
	8.0
	9.0
	10.0
	11.3
	12.3
	N/A
	N/A
	N/A
	N/A



Proposal 3: For NR EVM due to transient period conformance test, 
a) The power change is triggered by changing the Uplink RB Allocation.
b) The modulation scheme is maintained constant throughout the duration of the test. 
c) The power step is triggered by an UL RB allocation ratio should of [100:1] at SCS 15kHz in 20MHz CBW,
d) Testing at other SCS is not precluded.
The core requirements remain applicable to all modulation schemes.
2.3 Issue 3: Test Feasibility for All Waveform Types
2.3.1 Case of UE when end of transient exceeds CP duration
This is the case when the UE transient capability X is X<=10s is such that transient due to power change ends before the end of the 1st symbol CP.
In the current revision of the TS, the transient period X is equal to 10s and the entre transient period of 10 s is either excluded from all Output Power Dynamics core requirements (section 6.3 [2]) or the RF requirements do not apply during this transient period (eg. PUCCH/PUSCH/SRS time mask of Figure 6.3.3.7-2). If RAN 4 is to adopt a core EVM requirement due to an RF power change transient, the transient period should therefore also be entirely excluded from the average EVM measurement. We note however that this has been recently removed by [4]. 
We propose in 4-b below that “type 1” transients is the only type of transients for which the EVM due to an RF power change should be evaluated, with a measurement interval reduced by a time interval equal to the applicable exclusion period of ‘X’s. EVM measurement with exclusion period for NR should be straightforward using DFT-S-OFDM waveforms if we adopt the same requirements than those agreed for LTE, i.e., for DFT-S-OFDM waveforms, the PUSCH exclusion period is applied to the signal obtained after the front-end IDFT. This method enables testing all types of UEs, i.e. both legacy Release 15 with transient that can be as long as 10s and Release 16 UEs where“X” could be less than 10 s. 
For type 2 transients, we propose NR requirements to inherit from legacy LTE EVM core requirements as proposed in 4-c below.
Proposal 4: In the case of a UE which transient period capability is 10s:
a) The PUSCH or PUCCH EVM measurement interval is reduced when the mean power, modulation, or RB allocation between slots or subslots is expected to change.
b) In the case of PUSCH to PUSCH transmissions with power change, the PUSCH EVM measurement interval is reduced by a time interval equal to the applicable exclusion period defined in subclause 6.3.3 adjacent to the boundary where the power change is expected to occur.  For DFT-S-OFDM waveforms, the PUSCH exclusion period is applied to the signal obtained after the front-end IDFT. For CP-OFDM waveforms, PUSCH exclusion period is not applicable, core requirement is [TBD].
c) In the case when the PUSCH or PUCCH transmission slot or subslot is shortened due to multiplexing with SRS, or due to a long subslot – short subslot – long subslot transition, the EVM measurement interval is reduced by one symbol. 
However, in the case of a type 1 transients, excluding the transient period from the EVM measurements can only be achieved with CP-OFDM waveforms when UE transient period ends before the end of the first symbol cyclic prefix (CP), otherwise it is not possible to exclude transient period from CP-OFDM FFT EVM measurements. We make the following initial proposal to handle the case of EVM measurements with power change using CP-OFDM waveforms when the transient due to power change exceeds the 1st symbol CP duration:
Proposal 5: 
For the case when the UE transient period exceeds the CP duration of the 1st symbol adjacent to the boundary where the power change is expected to occur, change EVM calculation method for CP-OFDM waveforms to use only 1 measurement FFT with start position [TBD] and define an EVM relaxation [TBD] to account for FFT samples that cannot be excluded from the EVM results.
2.3.2 Case of UE when end of transient does not exceed CP duration
This is the case when the UE transient capability X is X<=10s is such that transient due to power change ends before the end of the 1st symbol CP. Since X/2 is less than CP duration, a single test method can be adopted that is compatible for both CP-OFDM and DFT-S-OFDM. We propose:
Proposal 6: In the case of a UE which transient period capability is “X”s, where X<10s
a) The PUSCH or PUCCH EVM measurement interval is reduced when the mean power, modulation, or allocation between slots or subslots is expected to change.
b) In the case of PUSCH to PUCCH transmissions with power change, the PUSCH EVM measurement interval is reduced by a time interval equal to an exclusion period of “X”s, where X<10s adjacent to the boundary where the power change is expected to occur.  
c) 
In the case X/2 is less than the duration of the 1st OFDM symbol cyclic prefix, EVM is calculated using , where EVMl and EVMh are defined in Annex F.
d) In the case when the PUSCH or PUCCH transmission slot or subslot is shortened due to multiplexing with SRS, or due to a long subslot – short subslot – long subslot transition, the EVM measurement interval is reduced by one symbol. 
2.3 Issue 4: Other Test Parameters 
We agree with the following proposals from [5] and propose;
Proposal 7:	
a) An average duration of 10 subframes should be used for testing transient period capability as well just like current EVM spec for NR and LTE (proposal 3 [5]),
b) A periodic power step test pattern be chosen and implemented, with a reasonable power step, to make this test capture a reasonable number of power changes in one set of 10 subframe average (proposal 4 [5]). 
c) For FDD, the test pattern duty cycle should be set to 50 %, i.e. 1 transmit time interval (TTI) at low transmit power followed by 1 TTI at high transmit power, with TTI is a 14 symbol long PUSCH slot.
d) For TDD, the test pattern should also be designed so that during the UL slots, a 50% test pattern duty cycle is met, i.e. the frame structure should be selected so that at least 1 cycle of 1 TTI at low power followed by 1 TTI at high power is tested.
For FDD test pattern we agree with figure provided in [5].
For TDD test pattern, Figure 2 below shows one possible frame structure based on proposals 3 and 7.
[image: ] 
Figure 2: Possible TDD frame structure to test EVM due to an RF power change transient at SCS 15 kHz, 14 symbols / slot, and a 270:1 RB allocation change at slot 3/4 and slot 8/9 boundaries.
3	Conclusion
This contribution reviews each of the issues identified in WF [1] and makes several proposal on how to make sure EVM due to RF power change transients can be specified and measured for UEs with 10s transient capabilities, and for Release 16 UEs with “X” transient capability, where X<10s.
· Proposals 1 and 2 formulate how can transient periods be defined for UEs with “X” <10s transient capability. 
· Proposal 3 defines that UE power change is triggered by an RB allocation change, and suggest 15 kHz SCS with a 270:1 RB allocation change,
· In Proposal 4, the EVM measurement for power change for a baseline UE with 10s transient period is to be tested only for PUSCH to PUSCH “On to ON” transitions where the measurement interval is reduced by a time interval equal to the applicable exclusion period. DFT-S-OFDM waveforms are to be used to perform EVM with exclusion period. Test methodology for CP-OFDM is discussed in proposal 5.
· In proposal 5, options are presented to account for testability challenges associated with CP-OFDM waveforms for UE with 10s transient capability,
· In proposal 6, requirements and waveform agnostic test methodologies are presented for the case of a UE with X<10s transient capability,
· In proposal 7, all other remaining test parameters are presented such as 14 symbol / slot PUSCH TTI, 50% test pattern duty cycle, EVM averaging period, and frame structure for TDD.
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