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Introduction
In this paper, we continue to discuss our view on the remaining measurement aspect of phase /power discontinuity tolerance based on WF [1].
Discussion
CFO correction
In WF[1], it is agreed also below:
Issue 3-1: Frequency correction for phase tolerance test
· RAN4 #101e-bis agreement (in WF R4-2202418)
· The common frequency error of UE should be corrected at test equipment per slot basis in the way similar to that done in EVM testing.
GTW Agreement: The level of correction required shall be estimated in every slot by the TE.
· FFS on proposal 2 in this meeting.
· Proposal 2: Frequency correction in the JCE test is applied to the whole bundle.

RAN4#102e has discussed the issue 3-1 but there is no conclusion on the frequency error correction over the bundled time slots. In legacy EVM measurement, the measurement interval is per slot and thus there is no need to correct the phase accumulation incurred by frequency error beyond the single time slot. The situation for DMRS bundling is different because the phase offset between the measurement time slot and reference time slot would be concern. The phase accumulation in measurement time slot by frequency error in the reference time slot should be corrected otherwise this will introduce additional “phase step” as illustrated in Figure 1.

[bookmark: _Ref101790545]Without the cross-time slot phase compensation, additional phase step could be introduced in the measurement results.


Figure 1: phase trajectory before/after applying the frequency error correction with/without cross time slots phase compensation.

To quantify such “phase step”,  the transmission model with frequency and time error is modeled with below equation in [2]. 

   					(1)
The signal processing flow is illustrated in Figure 2. The estimated time error is modeled as a timing delay ƐT and incorporated in the effective channel tap coefficient:

And frequency error is modeled with sampling clock frequency offset  and oscillator/carrier frequency offset  as below

   								(2)
   									(3)



Figure 2: The measurement signal processing for phase offset measurement

The discrete form of the received data r(n’T) in nth sample of lth OFDM symbol is:
			(4)
With ,  is the guard interval sample number and  is the number of OFDM symbol sample ( = N+  where the N is the FFT size.
Assuming the lth OFDM is the 2nd DMRS symbol in the reference time slot, the 2nd DRMS symbol in measurement time slot (assuming adjacent time slot for a simple case) will be:
    														(5)
With 
It can be observed from (5) that the carrier frequency error and sampling clock frequency error in reference time slot will add a phase offset in measurement time slot which is proportional to the carrier frequency error and sampling clock frequency error with amount of  in the case of the measurement time slot is adjacent time slot with reference time slot.
  						(6)
If there are M time slots between the measurement and reference time slots, the added phase offset will be 
 					 (7)

In case the frequency error is estimated per slot as , the added phase offset  will be

 					(8)

To get a feeling of the magnitude of the added phase offset, take an example of FFS size of N= 4096 in E.3.2 in TS 38.521-1. Assume =288 corresponding to CP length of 4.69us. for = 100Hz (0.1ppm and 1GHz carrier) and , T=16.3 ns, M=2, N=4384,  the =0.62 = 35 degree. The DMRS bundling tolerance requirement is 25 degree and if the phase offset caused by frequency error in the reference time slot is not corrected in the measurement time slot, the added phase offset by frequency error in reference time slot accumulated in the measurement time slot would fail a good UE.
[bookmark: _Ref101790562]The carrier frequency error in reference time slot will add phase offset into the measurement time slot and may fail the UE if not compensated in cross timeslot.
[bookmark: _Ref101790572]The phase offset by frequency error in measurement time slot contributed from reference time slot should be compensated.

During the RAN4#102e, one company has the concern that the measurement uncertainty from frequency error estimation could contribute to the measurement accuracy of the phase offset measurement. The measurement uncertainty for frequency error measurement in TS 38.521-1 and 38.521-2 is as below:

[bookmark: _Toc27478037][bookmark: _Toc36226730][bookmark: _Toc44324015][bookmark: _Toc52990208][bookmark: _Toc60823407][bookmark: _Toc60825329]6.4.1.5                       Test requirement
The 10 frequency error Δf results must fulfil the test requirement:
|Δf| ≤ (0.1 PPM + 15 Hz)
6.4.1.5                       Test requirement
The 10 frequency error Δf results for the θ-polarization or the n frequency error Δf results for the φ-polarization must fulfil the test requirement:
|Δf| ≤ (0.1 PPM + 0.005 PPM), 
The measurement uncertainty for FR1 is 15Hz but 5ppb in FR2. If frequency error is estimated per time slot, the measurement uncertainty itself could contribute to the phase offset measurement, for example, for the case of adjacent time slot between measurement and reference time slot, the added phase error is 360*15Hz*1ms= 5 degree in FR1 and added phase error is 360*30GHz*5ppb*1ms/4=13.5 degree. The requirement is 25 degree and such frequency error measurement uncertainty will take a big proportion of the phase offset measurement, for FR1, it is 20% and for FR2 it is 54%. For the case of the maximum duration of more than 8ms case, the added phase error in worst case may fail a good UE directly. For example, if the measurement uncertainty of frequency error per slot is 15Hz for 16 time slots, the added phase error is 360*15Hz*16ms= 80 degree!
[bookmark: _Ref101790582]The measurement uncertainty from frequency error estimated per slot would contribute to measurement uncertainty of the DMRS bundling phase offset measurement with 20% for FR1 and 50% FR2 relative to the respective phase tolerance requirements.
As the measurement uncertainty of frequency error estimation will contribute a big portion of the measurement uncertainty in phase offset measurement, it would be a question of how to reduce such contributor. One method would be to estimate the frequency error in a bundled time slots so the frequency error measurement uncertainty in reference time slot and measurement time slot would cancel out. This is basically the proposal 2 in issue 3-1. Another option is to estimate the reference time slot and use if for other time slots. We believe estimating frequency error in bundled time slot could be better approach as it may improve the frequency error estimation accuracy with more measurement data. As this relates to the measurement uncertainty discussion, a LS to RAN5 could also be appropriated if RAN4 cannot decide with below sentence:
“For DRMS bundling phase continuity requirement, RAN4 has below options on the frequency error estimation and compensation and identify different frequency error estimation may impact the measurement uncertainty differently for the phase offset measurement within one measurement time window:
1. Frequency error estimation per time slot
2. Frequency error estimation per bundled time slots
RAN4 would like to ask RAN5 the phase offset measurement uncertainty based on above two options”

[bookmark: _Ref101790591]The measurement uncertainty of the frequency error will contribute to the measurement uncertainty of the DMRS bundling phase offset if the frequency error would be estimated per time slot.
[bookmark: _Ref101790600]Estimate the frequency error in bundled time slots to improve the frequency error estimation accuracy.
[bookmark: _Ref101790610]LS to RAN5 on whether to estimate frequency error in bundled time slots or per slots to reduce the measurement uncertainty. 

For the new issue 4 in WF[1], as analyzed above, it is much dependent on the measurement uncertainty analysis for the phase offset measurements. The previous observations and proposal are our finding and suggestion to tackle the issue 4.
New Issue 4: 
· Test equipment tolerance for accumulated frequency error correction with Phase model Option 1 testing approach, and impact on phase tolerance for 16 slot configurations.

Time offset
During the RAN4#102e, one company proposes to set the  in middle of CP . As the slot/frame synchronization is estimated together with frequency error in the pre-FFT, the time offset  then determine the FFT window start position.  The time offset relative to the ideal FFT window is relating to the delay spread of channel CIR. There is no certainty that the delay spread will be confined within the CP/2 and the CP itself is configurable, as such testing the two extreme position as the same as EVM would be appropriated. This is the option 2 in new issue 3-6-3.

[bookmark: _Ref101790619]Two extreme positions should be used to set the FFT window.

New issue 3-6-3: Time offset  
Option 1: TX chain equalizer coefficients are calculated once per slot with [image: ] set to [image: ], as described in Annex F.4:
Option 2
-   calculate PhaseOffsetl with  set to ,
-     calculate PhaseOffseth with  set to .
Option 3: TBA
WF
TBA

Phase offset measurement
 There are several remaining issues relating the phase offset measurements:
New issue 3-6-1: phase offset measurement
the phase offset between a reference timeslot tref and a measurement timeslot tm is then calculated 
· Option 1
The average phase for each slot i is then calculated independently, as shown below: 

with the individual average phases for each slot calculated as per the formula above.

· Option 2:
The phase difference for each subcarrier between a reference timeslot tref and the measurement timeslot tm is then calculated as defined below:

The average phase offset between the reference and measurement timeslots are then calculated as the RMS average over the results for all subcarriers as shown below:

· Option 3: TBA

New issue 3-6-2: RMS average for phase tolerance (This is related to the new issue 3-6-1)
Option 1: Use RMS value over measurement set (each subcarrier between a reference timeslot tref and the measurement timeslot tm ) for one measurement interval
Option 2: use average over measurement set for one measurement interval
Option 3: use maximum over measurement set for one measurement interval
Option 4: TBA
Issue 3-5: Measurement interval
WF:
 X bundles are to be measured for phase continuity tolerance 
FFS: number of X
Issue 3-5-1: how to calculate phaseOffset over several bundles
Option 1: averaging phaseOffset over X bundles
Option 2: maximum from phaseOffset over X bundles
Option 3: RMS value from phaseOffset over X bundles.
Option 4: TBA


For option 1 of issue 3-6-1, the phase response per subcarrier may be frequency selective across a big RB number. Averaging over N subcarrier assumes that the phase response is the same (flat frequency response over configured channel) which may be fine for some of UE design but does not apply to all UE design. Option 2 implies that there is no assumption over the phase response but to measure the phase offset per subcarrier and derive the RMS over a large data set ( #of time slots*N subcarrier*3 DMRS symbol ). The only issue is that whether to use RMS as test requirement as the DRMS bunding phase requirement itself implies a peak detector not an RMS detector. Mathematically the requirement for peak detector can be exchangeable with requirement for an RMS detector requirement as RAN4 agrees random phase offset between the time slot and such random offset follows the uniform distribution. And as RMS measurement is a reliable measurement metric for EVM, it should work for phase offset measurement also. It is assumed that the UE Tx chain phase response is stable during one time slot, if there would be measurement disturbance on one subcarrier due to any reason in one measurement slot, such anomaly should be removed, and RMS detector could “forgive” this while peak detector will “record” this anomaly if it was the maximum in a measurement data set.  We believe the RMS detector fits better for statistical phase model and propose to use it in test. This is option 1 for new issue 3-6-2.

RMS detector could reflect the true UE behaviour better than peak detector
[bookmark: _Ref101790633]Use RMS value over measurement set for one measurement interval.

The decision of using maximum or RMS detector will impact on the phase offset over X bundles, If the RMS detector is used, the squared sum average will be needed as the same as the EVM average. For the sample size, in TS 38.101-1, the EVM is measured over 60 subframes for reference signal and EVM over 60 subframes are independent measurements. For DMRS bundling, one independent measurement would mean one set of bundled time slots depending on UE report capability. This is specified as “measurement time window” in current DMRS bundling requirement. If RMS would be used, similar sample size would be fine to get the similar performance.  If the maximum/peak detector would be used, it is better to refer to RAN5 to define a test approach and thus we suggest below LS sentence:

“ For DMRS bundling phase continuity requirement, RAN4 has assumed the phase offset with below statistical characteristic:
· Phase offset with uniform distribution, consider offset [-25, 25].
· It means that for each individual slot k (k = 1…n) within the bundle, an independent offset is generated and applied with respect to the slot k-1. (i.e., the offset is allowed to accumulate) 
RAN4 would like to ask RAN5 to consider this when designing the test procedure with 95% confidence level.”

[bookmark: _Ref101790644]Send LS to RAN5 to consider the statistical model of phase offset when designing the test case if the peak detector is used.

If the RMS detector would be used, the measurement interval is one bundled time slot reported by UE and independent measurement could be performed over K bundles.  In this sense, the option 2 could be modified as below:

The phase difference for each subcarrier between a reference timeslot tref and the measurement timeslot tm is then calculated as defined below:


The average phase offset within kth measurement time window and with M bundled time slots is then calculated as shown below:

  The average phase offset over K measurement time windows is then calculated as shown below:




[bookmark: _Ref101790651]Use the averaging over K = [60] bundles if the RMS detector would be used.


Text proposal for the Annex F.9
The annex for the channel coefficient and measurement point definition:

Annex F.9 Phase offset measurement for DMRS bundling 

Annex F.9.2 Modified test signal
The post-FFT modulated signal before the equalization is modified according to:

where
 is the time domain samples of the signal under test within the bundled time slots.
To minimize the error, the signal under test should be modified with respect to a set of parameters following the procedure explained below.
Notation:
 is the sample timing difference between the FFT processing window in relation to nominal timing of the ideal signal.
 is the RF frequency offset.
To minimize the error, the EVM window estimation is reused for the phase difference measurement for DMRS bundling.
[bookmark: _Hlk96514183]
TX chain equalizer coefficients are calculated once per slot as described in Annex F.4.



In the case of PUCCH and PUSCH, the UL EVM analyzer shall estimate the TX chain equalizer coefficients and  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.

Annex F.9.3 phase offset measurement

The phase difference for each subcarrier between a reference timeslot tref and the measurement timeslot tm is then calculated as defined below:


The RMS phase offset with M bundled time slots and within one measurement time window is then calculated as below:


then, the PhaseOffset measurement shall be tested at the two FFT window W extremities of the measurements as described in Annex F.4:
·  is calculated with  set to  and 
· is calculated with  set to .

Thus we get:


The RMS average phase offset over K measurement time windows is then calculated as below:




Conclusions
In this contribution, we present our view on the remaining measurement aspects of phase continuity with below proposal and observations:

Observation 1 Without the cross-time slot phase compensation, additional phase step could be introduced in the measurement results.
Observation 2 The carrier frequency error in reference time slot will add phase offset into the measurement time slot and may fail the UE if not compensated in cross timeslot.
Proposal-1: The phase offset by frequency error in measurement time slot contributed from reference time slot should be compensated.
Observation 3 The measurement uncertainty from frequency error estimated per slot would contribute to measurement uncertainty of the DMRS bundling phase offset measurement with 20% for FR1 and 50% FR2 relative to the respective phase tolerance requirements.
Observation 4 The measurement uncertainty of the frequency error will contribute to the measurement uncertainty of the DMRS bundling phase offset if the frequency error would be estimated per time slot.
Observation 5 Estimate the frequency error in bundled time slots to improve the frequency error estimation accuracy.
Proposal-2: LS to RAN5 on whether to estimate frequency error in bundled time slots or per slots to reduce the measurement uncertainty.
Proposal-3: Two extreme positions should be used to set the FFT window.
Proposal-4:Use RMS value over measurement set for one measurement interval.
Proposal-5: Send LS to RAN5 to consider the statistical model of phase offset when designing the test case if the peak detector is used.
Proposal-6: Use the averaging over K = [60] bundles if the RMS detector would be used.
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