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1. Introduction
The discussion on the introduction of a shorter transient period has been ongoing for many meetings. In the last meeting it was agreed to introduce the capability and the requirements, and to keep discussing the testing details. In this paper we discuss some testing details that are still outstanding.
2. Discussion
The open issues on the short transient period testing were summarized in the WF agreed in RAN4#95-e [1]. Some of the issues listed in the WF are already clarified, below we discuss the ones that are outstanding.

Issue 1-1-3: For RMS EVM over 1 symbol, how to define EVM measurement procedure in the spec

There were different views on this topic. We would like to point out that seems mostly editorial. It is clear that the description should be clear enough that TE vendors can implement it. Where it is captured in the spec is not that important.
Issue 1-1-4: Whether 20dB power change can represent the maximum power change in the network, if not, whether TE can provide the test condition for the maximum power change

In [2] it is claimed that the power change between slots can be up to ~55dB based on the network parameters given. The UE Tx power is largely given by the measured path loss and Po. Based only on this, it seems it can be concluded that such a large power offset is possible. However, such a large power difference also implies that transmissions from different UEs with similar path loss would reach the gNB with similar power difference between them, for example two UEs FDM-ed in the same slot, one of them transmitting PUSCH with close to full RB allocation and another UE transmitting just PUCCH. In this case, the PSD difference cannot be too high because PUCCH SIR would be too small just considering the in-band emissions from the UE transmitting PUSCH. To give an example, it should be possible to have UE transmitting 270RB PUSCH frequency multiplexed with another UE transmitting 1RB PUCCH. Based on the parameters above, the PSD difference between the 2 UEs would be 55-24=31dB PSD difference between PUSCH and PUCCH. If we consider just the in-band emissions ~25dB, the PUCCH SIR would be -6dB without considering any other source of noise(thermal noise, inter-cell interference, etc). This would lead to PUCCH SIR being too low and PUCCH becoming undecodable. 
The power control equation in 38.213 also contains an “alpha” parameter used for fractional power control. In order for the system to function based on the parameters given, fractional power control with α<1 can be configured. Hence, the parameters given in [2] can exist in real networks but they do not lead to such large power difference between transmissions.

Considering all the above, we still believe ~20dB power difference should be used for such a test. This should give enough confidence that UE can cope with large enough power changes as this value would also trigger a gain stage change.

Observation: ~55dB power change between transmission cannot be a typical scenario for real deployments. 20dB should be used for this test.

Issue 1-1-5: How to ensure the transient period is symmetrically positioned
This does not seem to be a real issue, the position of the exclusion window and the measurement window can be precisely positioned. If there are some impediments to this, they should be further clarified.
Issue 1-1-7: Whether RMS EVM with DFT-OFDM measurement similar with LTE can be tested for transient period
As captured in [1], one of the TE vendors confirmed that this is not an issue and a similar procedure can be re-used. If there is a different issue, it should be further clarified what the actual problem is.

Issue 1-1-9: How to calculate EVM for symbols in which the transient occurs
This is a detail that has to be discussed in RAN5. If there is a need to have further discussion in RAN4, it should be clarified what is the problem that needs to be solved. The ramp up and ramp down parts will be excluded and the symbols in which the transient period occurs(at the beginning or at the end) can be tested separately.
Other testing considerations
From an overall testing procedure, this transient period can be tested at the slot boundary by measuring the EVMs on the last symbol of a slot and the first symbol of the subsequent slot. A PUSCH allocation (e.g. type A) with DMRS not allocated on the 1st symbol can be used. Since the channel is static, the DMRS on a different symbol can be used for the channel estimation/equalization process by the TE. This would also ensure that the DMRS is “clean” and is not influenced by the transient period.

So far, the discussion has centered around using DFTs-OFDM for the test, however, our understanding is that CP-OFDM can also be used for transient periods shorter than 10us. If there is a need to test with hopping at the half-slot boundary, then CP-OFDM should be used. Data symbols can be inter-leaved with DMRS on the first symbol after the hop and the DMRS on a subsequent slot can be used for channel estimation/equalization.
It was pointed out that the first symbol in a slot has a longer CP, and this would implicitly add some more margin. This additional margin is not significant and would not be an issue in practice anyway.
3. Conclusion
In this paper we further discussed the testing issues that were raised in previous meetings. One of the issues that was brought up multiple times was the power change of ~20dB that would not be enough. WE made the following observation regarding this issue:
Observation: ~55dB power change between transmission cannot be a typical scenario for real deployments. 20dB should be used for this test.
We also analyzed other aspect and have not found any issues that would make the requirements not testable. If some other issues are still identified, further clarifications regarding the actual problems are needed.
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5. Annex- Proposed testing metric for the new capabilities
6.4.2.1a
Error Vector Magnitude including symbols with transient period 

In 6.4.2.1, EVM has been defined by excluding the symbols which have a transient period. In this section, measurement interval is defined for the symbols with a transient period to include these symbols in the RMS average EVM computation when the UE reports a transient period capability other than the default. 

The test specifications are applicable to 15kHz and 30 kHz SCS, long subslot transmisisons with 14 symbols per slot and transient period specified in Figure 6.3.3.7-3. 

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 the EVM result over the symbols where the transient occurs is calculated according to Table 6.4.2.1a-1

Table 6.4.2.1a-1: EVM definition for reported transient period

	Reported transient capability (us)
	EVM definition
	SCS

	2
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	30 kHz

	4
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	30 kHz

	7
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	15 kHz
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 are defined in Annex F


The RMS average of the basic EVM measurements over [70] subframes for the symbols where the transient occurs for the different modulation schemes shall not exceed the values  specified in Table 6.4.2.1a-2 for the parameters defined in Table 6.4.2.1a-3.  This requirement can be verified with 64 QAM and 256 QAM modulation.  

Table 6.4.2.1a-2: Requirements for Error Vector Magnitude
	Parameter
	Unit
	Average EVM Level

	64 QAM 
	%
	[15]

	256 QAM
	%
	[5]


Table 6.4.2.1a-3: Parameters for Error Vector Magnitude

	Parameter
	Unit
	Level

	UE Output Power
	dBm
	( Table 6.3.1-1 

	UE Output Power for 256 QAM
	dBm
	( Table 6.3.1-1 + 10 dB

	Operating conditions
	
	Normal conditions


F.4
Modified signal under test

Implicit in the definition of EVM is an assumption that the receiver is able to compensate a number of transmitter impairments.

The DFT-s-OFDM modulated signals or PRACH signal under test is modified and, in the case of DFT-s-OFDM modulated signals, decoded according to:


[image: image10.wmf]{

}

ï

þ

ï

ý

ü

ï

î

ï

í

ì

×

×

D

-

=

D

D

-

)

,

(

~

~

2

~

2

)

,

(

~

.

)

~

(

)

,

(

'

f

t

j

t

f

j

v

f

j

e

f

t

a

e

e

t

v

z

FFT

IDFT

f

t

Z

j

p

p


where
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 is the time domain samples of the signal under test.

The CP-OFDM modulated signals or PUSCH demodulation reference signal or PUCCH data signal under test is equalised and, in the case of CP-OFDM modulated signals decoded according to:
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where
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 is the time domain samples of the signal under test.

To minimize the error, the signal under test should be modified with respect to a set of parameters following the procedure explained below.

Notation:
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 is the sample timing difference between the FFT processing window in relation to nominal timing of the ideal signal.
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 is the RF frequency offset.
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 is the phase response of the TX chain.
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 is the amplitude response of the TX chain.

In the following 
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 represents the middle sample of the EVM window of length 
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 (defined in the next clauses) or the last sample of the first window half if 
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is even.

The EVM analyser shall

-
detect the start of each slot and estimate 
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-
determine 
[image: image23.wmf]c

~

D

 so that the EVM window of length 
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 is centred

-
on the time interval determined by the measured cyclic prefix minus 16κ samples of the considered OFDM symbol for symbol l for subcarrier spacing configuration µ in a subframe, with l = 0 or l = 7*2^µ for normal CP, i.e. the first 16κ samples of the CP should not be taken into account for this step. In the determination of the number of excluded samples, a sampling rate of 1/Tc is assumed. If a different sampling rate is used, the number of excluded samples is scaled linearly.

-
on the measured cyclic prefix of the considered OFDM symbol symbol for all other symbols for normal CP and for symbol 0 to 11 for extended CP.

-
on the measured preamble cyclic prefix for the PRACH

To determine the other parameters a sample timing offset equal to 
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 is corrected from the signal under test. The EVM analyser shall then

-
correct the RF frequency offset 
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for each time slot, and

-
apply an FFT of appropriate size. The chosen FFT size shall ensure that in the case of an ideal signal under test, there is no measured inter-subcarrier interference.
The carrier leakage shall be removed from the evaluated signal before calculating the EVM and the in-band emissions; however, the removed relative carrier leakage power also has to satisfy the applicable requirement.

At this stage the allocated RBs shall be separated from the non-allocated RBs. In the case of PUCCH and PUSCH EVM, the signal on the non-allocated RB(s), 
[image: image27.wmf](

)

f

t

Y

,

, is used to evaluate the in-band emissions.

Moreover, the following procedure applies only to the signal on the allocated RB(s).

-
In the case of PUCCH and PUSCH, the UL EVM analyzer shall estimate the TX chain equalizer coefficients 
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 used by the ZF equalizer for all subcarriers by time averaging at each signal subcarrier of the amplitude and phase of the reference and data symbols. The time-averaging length is 1 slot. This process creates an average amplitude and phase for each signal subcarrier used by the ZF equalizer. The knowledge of data modulation symbols may be required in this step because the determination of symbols by demodulation is not reliable before signal equalization.

-
In the case of PRACH, the UL EVM analyzer shall estimate the TX chain coefficients 
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 used for phase and amplitude correction and are seleted so as to minimize the resulting EVM. The TX chain coefficients are not dependent on frequency, i.e. 
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. The TX chain coefficient are chosen independently for each preamble transmission and for each 
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At this stage estimates of 
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 are available. 
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 is one of the extremities of the window 
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 is odd and 
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is even. The EVM analyser shall then

-
calculate EVMl with 
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calculate EVMh with 
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calculate EVMm with 
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