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Introduction
In this paper, we present our view on the RF requirement measurement aspect of phase /power discontinuity tolerance.
Discussion


Figure 3: measurement point definition for the UE coherence transmission
As the phase discontinuity tolerance would in the end be specifies as UE RF requirement, the method to test it should be discussed. This will involve signal processing and discuss whether the annex in TS 38.101-1 would be needed to update. 
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 3 after equalization is proposed. RF impairment compensation in Figure 3 should compensate the frequency offset in UE and also any time error when estimate the frame timing start. 
Proposal-1: The reference point for phase/amplitude tolerant requirement needs to be defined in annex F.1 in TS 38.101-1 and TS 38.101-2.
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 1-4-5: Impact from frequency offset
· CFO/frequency offset compensation at the receiver is considered assuming
· 1: constant CFO between transmission is assumed at UE 
· 2: full compensation of CFO assumed or leftover phase offset after compensation is assumed
Needs further discussion on whether the above points 1 and 2 can actually be assumed.
If the constant CFO could be 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 out that the CFO estimation based on combined repetition time slot actually can give JCE gain compared with the gene CFO as Figure 4 shows below. 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. From this perspective, the test equipment shall estimate the CFO based on individual time slot and if to improve the accuracy, the average of the estimated CFO in different individual time slot could be used.


Figure 4: BLER performance comparison with and without gene CFO estimation for uniform distribution, range [-50,+50] degrees
Proposal-2: Test equipment shall estimate the CFO based on individual time slot and not estimated the CFO from best fit on all bundled time slot.
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. If not, the phase offset caused by CFO between the repetition time slots will add phase error in the test results and fail the UE test.
Proposal-3: 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 previous section, the equalization for the received reference signal in time slots other than the first time slot should use the equalization coefficients derived from the first time slot transmission. Such statement 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 wise, the phase/amplitude variation is only tested within one time slot and not cross time slot.
As the equalization coefficients is specified in annex E.3.3 in TS 38.521-1 and thus RAN5 needs to be notified that there should be treated differently on the post-equalization process for the phase/amplitude discontinuity tolerance requirements.
Proposal-4: LS to RAN5 on CFO estimation and post equalization test for phase/amplitude discontinuity tolerance requirements with below wording:
	RAN4 will introduce the UE RF requirement on the phase/amplitude continuity and has below suggestions regarding the test of this requirement:
1. The CFO estimation should be done in individual time slots, whether the averaged CFO could be done depending the constant CFO assumption for this UE requirements.
2. The phase offset caused by CFO between the UE repetition transmission should be compensated additionally in TDD band.
3. The equalization coefficients derived in first time slot shall be used to equalize the received signal in all time slots.
EVM testing result:
Some measurements on EVM to test UL transmission coherence are made to compare the CFO estimation using either gene, individual time slot or averaged individual time slots:
Some key simulation parameters:
SNR = 20 dB
2 DMRS per slot
CFO = 0.10 ppm (200 Hz)
Random phase offset distribution: Gaussian
[image: ]
Figure 4: EVM verse the different CFO estimation method.
: CFO estimation based on only first slot works very well
 


Conclusions
In this contribution, we present our view on the RF requirement aspect of phase continuity with below proposal:
Proposal-1: The reference point for phase/amplitude tolerant requirement needs to be defined in annex F.1 in TS 38.101-1 and TS 38.101-2.
Proposal-2: Test equipment shall estimate the CFO based on individual time slot and not estimated the CFO from best fit on all bundled time slot.
Proposal-3: For TDD band, additional phase offset caused by CFO between the repetition time slots should be compensated to have correct test result. 
Proposal-4: LS to RAN5 on CFO estimation and post equalization test for phase/amplitude discontinuity tolerance requirements with below wording:
	RAN4 will introduce the UE RF requirement on the phase/amplitude continuity and has below suggestions regarding the test of this requirement:
1. The CFO estimation should be done in individual time slots, whether the averaged CFO could be done depending the constant CFO assumption for this UE requirements.
2. The phase offset caused by CFO between the UE repetition transmission should be compensated additionally in TDD band.
3. The equalization coefficients derived in first time slot shall be used to equalize the received signal in all time slots.
Observation 1: CFO estimation based on only first slot works very well
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1. Overall Description: 
RAN4 will introduce the UE RF requirement on the phase and power continuity and has below suggestions regarding the test of this requirement:
1. The CFO estimation should be done in individual time slots, whether the averaged CFO could be done depending the constant CFO assumption for this UE requirements.
2. The phase offset caused by CFO between the UE repetition transmission should be compensated additionally in TDD band.
3. The equalization coefficients derived in first time slot shall be used to equalize the received signal in all time slots.
RAN4 kindly ask RAN5 consider the above suggestions in the requirement testing design.
2. Actions:
To RAN WG5 group.
ACTION: 	None.

3. References:

4. Date of Next TSG-RAN WG4 Meetings:
TSG-RAN WG4 Meeting #101bis-e                                 17-25 January 2022,             Electronic Meeting
TSG-RAN WG4 Meeting #102-e                                     21 February-03 March 2022,  Electronic Meeting
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PUSCH, 2 GHz, 2 DMRS, AWGN, MCS 4, 4 PRBs, 8 reps., abs Gauss, SNR=20 dB, 2 Rx

Genie CFO

Average CFO estimates from all individual slots

CFO estimate from first slot only


