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Introduction
This document summarizes the corrections to transient period capability that were proposed at RAN4 meeting 99-e in [1] and captured in WF [2].
Discussion
This paper discusses the two issues captured in WF [2] and also covers rmsEVM concerns for 256QAM as we consider that EVM equations and rmsEVM requirements come as a bundle package, ie, one definition cannot be treated without considering the impact on the other.
Definition of  for 7s Transient Period Capability
Proposals from WF [2] are:
· Option 1: For 7s reported transient period capability, adopt  for verification at SCS 15kHz.
· Option 2: Keep current wording as it is: 

Table 1 below shows that Option 1 should be adopted to ensure that the EVM exclusion period “width” matches a 7s transient period capability UE reporting.
[bookmark: _Ref78976643]Table 1: EVM exclusion period analysis for 7s Transient Period Capability verification at SCS 15kHz
	FFT window upper edge position relative to slot/symbol boundary for  
	EVM exclusion period lower edge relative to slot/symbol boundary according to  
	FFT windows
FFT window lower edge position relative to slot/symbol boundary for  
	Option 1 EVM exclusion period 
	Option 2 EVM exclusion period

	
	
	
	
	
	
	

	 -3.52s
	-2.0s
	-2.0s
	+5.0s
	 + 4.03s
	7.0s
	 6.03s



Observation 1: For the verification at SCS 15kHz of a UE reporting a 7s Transient Period Capability, it is necessary to adopt the EVM equation defined as  (option 1 WF [2]).
Tpstart Corrections for 2s and 7s Transient Period Capability
We reproduce in Figure 1 the measurements for 256QAM only [1] to justify the need for correcting tpstart values when verifying a UE reporting 2s transient period capability (Figure 1-left) and a UE reporting a 7s transient period capability (Figure 1-right) using SCS 15kHz. Graphs of Figure 1 A & B (top row) are representative of the measured rmsEVM rise due to WOLA according to the current specifications of tpstart. Graphs of Figure 1 C& D (bottom row) are representative of the measured rmsEVM performance when adopting the proposed tpstart corrections.
We observe that:
Observation 2:
· Adopting tpstart= -2.7s entirely eliminates the EVM rise due to WOLA induced by “too-late” tpstart value of -2s in the case of 7s transient period capability verification at SCS 15kHz. Refer to symbol “after” transient; Figure 1-D vs Figure 1-B.
· Adopting tpstart= -0.7s cannot entirely eliminate the EVM rise due to WOLA induced by “too-late” tpstart value of -0.5s in the case of 2s transient period capability verification at SCS 15kHz. Refer to symbol “before” transient; Figure 1-C vs Figure 1-A. Adoption of SCS 15kHz is problematic for 2s transient period capability as it is not possible to eliminate entirely the WOLA effect. This was demonstrated in our previous paper [1]. This is the reason why we would have preferred that this capability be solely verified at SCS 30kHz: at this SCS the WOLA effect can be entirely eliminated [1].
[image: ]
[bookmark: _Ref78977547]Figure 1: Impact of tpstart on EVM rise due to WOLA effect for 2s (left) and 7s (right) transient period capability verification at SCS 15kHz.
It may be worth reiterating here that the measured EVM rise is not due to Power Amplifier non-linearities: EVM is degraded solely due to the WOLA effect. WOLA is the result of ‘too-late tpstart’ values. A UE calibrated to deliver 2% rms 256QAM EVM at Pcmax under static output power level test conditions (i.e. in the case no power step is triggered) exhibits the observed EVM performance degradation solely due to ‘too-late tpstart values’ when verified against its transient period capability.
Based on these observations we make the following proposal:
Proposal: For verification of the reported UE transient period capability, adopt Table 2 EVM definition for reported transient period, where:
· 2s UE transient period capability is verified using tpstart = [-0.7]s at SCS 15kHz and SCS30kHz.
· 7s UE transient period capability is verified using tpstart = [-2.7]s at SCS 15kHz.
[bookmark: _Ref71205858][bookmark: _Ref71205831]Table 2 EVM definition for reported transient period
	Reported transient capability (us)
	EVM definition
	tpstart (µs)
	SCS4

	2
	

	[-0.7]
	15kHz or 30kHz5


	4
	

	[-1]
	15kHz


	7
	

	[-2.7]
	15kHz


	NOTE 1:    ,,and  are defined in Annex F
NOTE 2:    is the EVM for a symbol right after a transition;  is the EVM for a symbol right before a transition
NOTE 3: tpstart denotes the start position of the EVM exclusion window as shown in Annex F.4
NOTE 4: SCS denotes the SCS that can be used in the conformance test
NOTE 5: 30kHz shall be used in the conformance test unless the UE signals in supportedSubCarrierSpacingUL in FeatureSetPerCC that it only supports 15kHz in the corresponding band


rmsEVM Requirements for 256QAM
We would like to repeat that the measurement campaign [1] revealed that rms EVM measurements data may become unstable when attempting to demodulate a 256QAM waveform at a level of distortion leading to rms EVM >6%. In particular, it was difficult to interpret EVM results for the agreed [8]% rms EVM level for 256 QAM. We have not encountered any issue for 64QAM at the agreed rms EVM level of [10]%.
Observation 3:
On some test equipment, it may not be possible to measure the agreed [8]% rms EVM for 256QAM. For 256QAM, our measurements have shown that rms EVM levels of up to 6% can be measured. This is in line with our previous EVM budget analysis where it was recommended to adopt [5.5]% rms EVM for 256 QAM [3].
Conclusions
In this contribution, we discuss the changes proposed to ensure the UE intrinsic EVM floor is not degraded solely by WOLA /FFT window start position effect due to what we believe are “too-late” tpstart values. We also justify the need to change the EVM equation to verify at SCS 15kHz a UE that declares a 7s Transient Period Capability. Finally, we observe that the agreed rms EVM of [8%] for 256QAM may not be measurable on certain test equipment.

We make the following proposal.

Proposal: For verification of the reported UE transient period capability, adopt Table 2 EVM definition for reported transient period, where:
· 2s UE transient period capability is verified using tpstart = [-0.7]s at SCS 15kHz and SCS30kHz.
· 7s UE transient period capability is verified using tpstart = [-2.7]s at SCS 15kHz
Table 2 EVM definition for reported transient period
	Reported transient capability (us)
	EVM definition
	tpstart (µs)
	SCS4

	2
	

	[-0.7]
	15kHz or 30kHz5


	4
	

	[-1]
	15kHz


	7
	

	[-2.7]
	15kHz


	NOTE 1:    ,,and  are defined in Annex F
NOTE 2:    is the EVM for a symbol right after a transition;  is the EVM for a symbol right before a transition
NOTE 3: tpstart denotes the start position of the EVM exclusion window as shown in Annex F.4
NOTE 4: SCS denotes the SCS that can be used in the conformance test
NOTE 5: 30kHz shall be used in the conformance test unless the UE signals in supportedSubCarrierSpacingUL in FeatureSetPerCC that it only supports 15kHz in the corresponding band



Observation 3:
On some test equipment, it may not be feasible to measure the agreed [8]% rms EVM for 256QAM. For 256QAM, our measurements have shown that rms EVM levels of up to 6% can be measured. This is in line with our previous EVM budget analysis where it was recommended to adopt 5.5% rms EVM for 256 QAM [3].
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