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Introduction
In this paper, we continue to discuss our view on the RF requirement measurement aspect of phase /power discontinuity tolerance based on WF [1].
Discussion
Reference point


Figure 1: measurement point definition for the UE coherence transmission
In WF[1], it is agreed to define the reference point of measurement:
Issue 1-4-1: Reference point for phase/amplitude tolerance test
WF recommendation:
· The reference point for phase/amplitude tolerant requirement needs to be defined in annex F.1 in TS 38.101-1.
· FFS on the remaining details.
To measure the phase/amplitude variation in a frequency response of UE RF chain between time slots, a measurement reference point is firstly necessary to be defined. A reference point is used to indicate where the measured data is captured in a signal processing chain. A reference point in Figure 1 after equalization is proposed. This is the same measurement point for EVM measurement for the CP-OFDM and DFT-S-OFDM, additional RF impairment compensation in Figure 1 should compensate the frequency offset in UE and also any time error when estimate the frame timing start. 
In RAN4#101e, the EVM measurement (option 2 in WF in issue 1-3-7) and deriving the phase/amplitude error measurement (option 1 in WF in issue 1-3-7) are discussed. These two measurements could be both use the Figure 1 defined reference point and thus we propose to use Figure 1 for further RF requirement and measurement discussion. For DFT-S-OFDM signal, the reference point needs to be defined after the IDFT block.
Proposal-1: Define the reference point for phase/amplitude tolerance requirement in Figure 1.
RF measurement in general
In WF[1], two different measurement methods are discussed:
Issue 1-3-7: Definition of RF requirements
WF recommendation: 
· For definition of RF requirements, the following options will be further discussed in the future meetings.
· Option 1: for slot #n, define the relative phase tolerance, relative power tolerance explicitly.
· Option 1a: relative to slot #n-1.
· Option 1b: relative to slot #0 and define maximum duration explicitly.
· Option 2: Define UE requirement as EVM value using JCE process.
· FFS EVM simulation assumptions.
· Option 3. Other options not excluded
· Encourage the test equipment vendor to provide the feedback on the testability of option 1 and option2.
As the option 1 is to derive the phase/amplitude change of the channel impulse response relative to channel impulse response in first time slot using the equalized data assuming channel estimation is done in first time slot or adjacent time slot; option 2 is using EVM measurement using the equalized data assuming the channel estimation is done across the bundled time slots. Both option 1 and option 2 assume the radio channel under test (RF transmitter chain + cable per antenna connector + Receiver chain) does not vary beyond a certain magnitude over the bundled time slots. Option 1 assumes the channel estimation is derived from the first time slot/adjacent time slots and the equalization coefficient derived in first time slot could be applied to other time slots. Option 2 estimates the channel over multiple bundled time slots. Another potential discussion point is whether the peak or average value from measurement data should be used to fulfill the requirements. The EVM measurement characterizes the signal impairment systematically including the thermal noise, phase noise by LO, sampling clock and non-linear circuit, and inter-modulation product falling in within the signal bandwidth from the nonlinear circuits, where averaging over measured samples is used.  The phase offset distortion is modeled with a random distribution in link level simulations. Companies have focussed on removing the deterministic factor causing the phase offset in the last few meetings. The deterministic factors considered are CFO, gain adjustment, etc. If these factors are kept out from the design, such random distribution modeling of the phase offset perhaps holds and can make a good motivation of the using the averaging rather than peak for requirement and measurements.  
In the system link level simulation, the phase/amplitude error is added in transmitter with agreed modelling in WF[1], such errors could be detected using the measurement point discussed in section 1 and this makes it practically possible to use EVM metric to measure it. In our companion paper, we also discuss how to map the phase/amplitude tolerance to the EVM limit. In link level simulation, the BLER is simulated with different phase/amplitude error. There is close relation between BLER and EVM. As the received symbols (after equalization) fall near the targeted constellation point, the probability of falling within the correct decision boundary is increased. Otherwise, the probability of wrong decision is increased and BLER increases. This is reflected in the link level simulation results. However, EVM measurement may not work well when the phase offset is too big, and the Error vector may be calculated wrongly according to TS 38.521-1 Annex E for data symbol in E3.3:
The nominal data symbols are created by a demodulation process. The location to gain the demodulated data symbols is “EVM” in Figure E.2.5-1. For CP-OFDM, the process described in Annex E.5 can be applied. A demodulation process as follows is recommended for DFT-s-OFDM:
1.	Equalize the measured data symbols using the reference symbols for equalisation. Result: Equalized data symbols
2.	Only for DFT-s-OFDM, iDFT transform the equalized data symbols: Result: Equalized data symbols
3.	Decide for the nearest constellation point: Result: Nominal data symbols
4.	Only for DFT-s-OFDM, DFT transform the nominal data symbols: Result: Nominal data symbols
[bookmark: _Ref92726407]EVM metric can be used as an alternative to measure the JCE phase/amplitude tolerance, but EVM only works when the correct decision is made for targeted constellation point.

In Figure 2, the EVM per slot is plotted using the first time slot equalization coefficient to equalize other time slots with the accumulated phase model of option 2 using the DMRS symbol. It shows that the phase offset is accumulating unboundedly till very large numbers. CFO estimation in Figure 2 is based on first time slot and because the phase could accumulate beyond 120 degree, only DMRS can be used for EVM measurements otherwise incorrect constellation points will be selected based on nearest constellation point rule. In this case, option 1b method could lead to the large phase offset and the same for EVM value.
[bookmark: _Ref92726431]Only DMRS is used to guarantee the correct constellation point for EVM calculation for accumulated phase model when CFO is estimated based on 1st time slot.
[bookmark: _Ref92726455]Using the RF method 1b on accumulated phase model may lead to large phase offsets and big EVM values.
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[bookmark: _Ref92353755]Figure 2: EVM Scatter plot for detected phase offset in individual time slots with the accumulated phase model (option 2) 
 
Figure 3 to Figure 8 are EVM CDF curves with the EVM averaging over the bundled time slots.  The different options in simulation are described below. The CFO estimation is based on either 1st slot or cross time slots.  
· For option 2, the equalization coefficient is calculated based on the channel estimation of DMRS in all time slots and EVM is calculated based on DMRS symbols in all time slots. 
· Option 3a is based on the option 1a but with EVM measurement per slot. 
· Option 3b is based on option 1b with EVM measurement per slot.
· Option 4a is based on the option 1a but with EVM measurement averaged in bundled time slots. 
· Option 4b is based on option 1b with EVM measurement averaged in bundled time slots
It can be observed that with the phase offset modelling of option 1, the option 4b and option 2 does not have significant difference in Figure 3. The EVM is generally lower when channel estimation is done across different time slots compared with when the channel estimation is done over a single time slot. With the CFO estimation also across all time slots, the EVM is further reduced compared with individual time slot estimation. This shows that CFO estimation across different time slots could compensate the phase offset to some extent and the same for the cross-time slot channel estimation. The trend is more apparent when phase offset model of option 2 is used in Figure 4. With both CFO cross time slot estimation and cross slot channel estimation and with EVM averaged over bundled time slots, the EVM curve of the phase model of option 2 could be similar with the EVM curve of the phase model of option 1. Figure 5 and Figure 6 gives the EVM simulation for the rang of the [-40, 40]. Except the EVM limit is different with the case of [-20, 20] in Figure 3 and Figure 4 , The trend and observation is similar.
[bookmark: _Ref92726480]For the phase model of option 1 (random uniform distribution), the EVM curve is similar between option 4b and option 2
[bookmark: _Ref92726516]CFO across the time slots could compensate the phase offset to some extent; this is more apparent for the phase model of the option 2 (accumulated uniform distribution)
[bookmark: _Ref92726528]Channel estimation over the joint time slots can compensate the phase offset to some extent and it is more apparent for the phase model of the option 2 (accumulated uniform distribution)
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[bookmark: _Ref92137188]Figure 3:  The EVM CDF comparison between different RF requirement options with phase offset model (option 1) for uniform distribution of range [-20, 20]
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[bookmark: _Ref92137543]Figure 4:  The EVM CDF comparison between different RF requirement options with phase offset model (option 2) for uniform distribution of range [-20, 20]
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[bookmark: _Ref92138656]Figure 5 The EVM CDF comparison between different RF requirement options with phase offset model (option 1) for uniform distribution of range [-40, 40]
 
[image: ]
[bookmark: _Ref92136612]Figure 6 The EVM CDF comparison between different RF requirement options with phase offset model (option 2) for uniform distribution of range [-40, 40]
For the phase model of option 2, we found that the compensation technique is useful to test such model. With cross time slot CFO estimation and cross channel estimation, the phase offset could be compensated to some extent, and remaining phase offset exhibit similar EVM performance with phase model of a random uniform distribution. It is not pre-known that whether the UE has phase offset of accumulated or uniform distribution, and therefore the test should be agnostic to it and all the three techniques could be considered for measurements:
1. Cross time slots CFO estimation over the bundled time slots
2. Channel estimation over the bundled time slots
3. EVM averaging over the bundled time slots

[bookmark: _Ref92726553]Discuss above technique to be used in the measurement.
EVM is RMS (root mean square) value of error vector. To specify a EVM limit in RF requirement corresponding to the phase offset model of option 1 or option 2 which is not a normal distribution, the EVM simulation are likely needed.
[bookmark: _Ref92726561]To discuss EVM simulation to set the EVM limit taking account of both phase model option 1 and option 2.
 

Frequency error (CFO) 
CFO estimation and correction:
In annex E3.1 of TS 38.521-1, the CFO is estimated with best fit method on one time slot:
[bookmark: _Toc27478732][bookmark: _Toc36227446]E.3.1	Pre FFT minimization process
Before applying the pre-FFT minimization process, z(ν) and i(ν) are portioned into n pieces, comprising one slot each, where n is as defined in Annex E.2.2.
Each slot is processed separately. Sample timing, Carrier frequency and carrier leakage in z(ν) are jointly varied in order to minimise the difference between z(ν) and i(ν). Best fit (minimum difference) is achieved when the RMS difference value between z(ν) and i(ν) is an absolute minimum.
For the phase/amplitude tolerance test, currently the constant CFO assumption is still under confirmation in WF[1];
Issue 1-3-6: Impact from frequency offset
Summary of 1st round discussion:
· Proposal 1: Frequency error is assumed constant for the duration provided that the maximum bundle length is not too long.
· Proposal 2: Assuming full compensation of CFO at the BS receiver.
· Proposal 3: 
· Test equipment shall estimate the CFO based on individual time slot and not estimated the CFO from best fit on all bundled time slot.
· From our simulation for the CFO impact analysis, it is found out that the CFO estimation based on combined repetition time slot actually can give JCE gain compared with the gene CFO.
· This means that if CFO is estimated using the best fit of the concatenated time slots (for FDD band) where the repetition transmission occurs, the estimated CFO may compensate partly the phase variation and thus mask the real phase variation caused by UE transmitter.
· For TDD band, additional phase offset caused by CFO between the repetition time slots should be compensated to have correct test result.
· For TDD band, the measurement will be done in a non-back-to-back pattern as there are DL time slots between the repetition time slots and thus additional phase offset caused by CFO between the repetition time slots should be compensated.
One thing to clarify is that the proposal 1 is the assumption used in the test equipment or BS JCE algorithm in general. for UE, it would mean that UE will not make the frequency adjustment and thus the frequency would not change dramatically within the bundled time slot.
[bookmark: _Ref92726613]Proposal 1 in issue 1-3-6 is the assumption for the BS JCE receiver or test equipment when estimating the CFO and correcting the CFO error. For the UE, it would mean there is no frequency adjustment within the bundled time slots.
If the UE not doing frequency adjustment is agreed, how to estimate the CFO in the test equipment and compensate the phase offset caused by CFO would be another issue. From our simulation for the CFO impact analysis, it is found that the CFO estimation based on combined repetition time slots actually can benefit JCE gain compared with the genie CFO as can be seen in Figure 10 below. This means that if CFO is estimated across time slots using the best fit of the concatenated time slots (for an FDD band) where the repetition transmission occurs, the estimated CFO may compensate partly the phase variation caused by UE transmitter. As discussed in previous section, the cross-time CFO estimation may need to compensate the phase offset model of option 2 so the remaining phase offset exhibit a similar property of phase model of option 1,  whether to use this may depend on the companies’ consensus. 


[bookmark: _Ref92438998]Figure 10: BLER performance comparison with and without gene CFO estimation for uniform distribution, range [-50,+50] degrees
[bookmark: _Ref92726574]Whether estimating the CFO based on individual time slot or cross time slot in test equipment may depend on the EVM requirement discussion. 
For TDD bands, RAN4 has not exclude it yet for non-back-to-back pattern with DL time slot in between. Our understanding is that RAN4 will revisit this after the tolerance requirement is set. The measurement will be done in a non-back-to-back pattern as there are DL time slots between the repetition time slots and thus additional phase offset caused by CFO between the repetition time slots should be compensated. If not, the phase offset caused by CFO between the repetition time slots will add phase error in the test results and may fail the UE test.
[bookmark: _Ref92726584]For TDD band, additional phase offset caused by CFO between the repetition time slots should be compensated to have correct test result. 
Equalization:
As discussed in the previous section, option 1 and option 2 for RF requirement are still under discussion. The equalization method should be specified in the core requirement. Otherwise, there is ambiguity on the test method. For example, if the legacy equalization is done per slot, the phase/amplitude variation is only tested within one time slot and not cross time slot.
As the equalization coefficients are specified in annex E.3.3 in TS 38.521-1, RAN5 needs to be notified that they may be calculated differently in the post-equalization process for the phase/amplitude discontinuity tolerance requirements.
[bookmark: _Ref92726596]LS to RAN5 on CFO estimation and post equalization test for phase/amplitude discontinuity tolerance requirements pending on the RAN4 consensus.
	

Conclusions
In this contribution, we present our view on the RF requirement aspect of phase continuity with below proposal:
Observation 1 EVM metric can be used as an alternative to measure the JCE phase/amplitude tolerance, but EVM only works when the correct decision is made for targeted constellation point.
Observation 2 Only DMRS is used to guarantee the correct constellation point for EVM calculation for accumulated phase model when CFO is estimated based on 1st time slot. 
Observation 3 Using the RF method 1b on accumulated phase model may lead to large phase offsets and big EVM values.
Observation 4 For the phase model of option 1 (random uniform distribution), the EVM curve is similar between option 4b and option 2 
Observation 5 CFO across the time slots could compensate the phase offset to some extent; this is more apparent for the phase model of the option 2 (accumulated uniform distribution)
Observation 6 Channel estimation over the joint time slots can compensate the phase offset to some extent and it is more apparent for the phase model of the option 2 (accumulated uniform distribution)
Observation 7 Proposal 1 in issue 1-3-6 is the assumption for the BS JCE receiver or test equipment when estimating the CFO and correcting the CFO error. For the UE, it would mean there is no frequency adjustment within the bundled time slots.
Proposal-1: Discuss above technique to be used in the measurement.
Proposal-2: To discuss EVM simulation to set the EVM limit taking account of both phase model option 1 and option 2.
Proposal-3: Whether estimating the CFO based on individual time slot or cross time slot in test equipment may depend on the EVM requirement discussion.
Proposal-4: For TDD band, additional phase offset caused by CFO between the repetition time slots should be compensated to have correct test result.
Proposal-5: LS to RAN5 on CFO estimation and post equalization test for phase/amplitude discontinuity tolerance requirements pending on the RAN4 consensus.
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