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Introduction
In the RAN4 #102 e-meeting, the phase continuity for Rel-17 NR coverage enhancement has been extensively discussed. RF requirements for phase continuity can be found in the approved CR [1][2]. But there are still remaining issues for how to measure the phase continuity as listed in WF [3]. In this contribution, we would like to share our views regarding some of those issues. 
	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. (E///)
· E///: For example, the frequency error is f1, the reference time slot is first time slot and the measured time slot is the second time slots. The first sample in the first symbol of the 2nd time slot need to be correct with f1* one time slot* 2pi. (E/// CR in R4-2205533)
WF:
How to specify the accumulated phase error correction relative to the reference time slot caused by common frequency error :
 Option 1: in the equation in F9.1 
Option 2: generic description in F9.1 
Option 3: TBA

Issue 3-4: OFDM symbols for deriving the phase value
Tentative agreement in GTW: To derive the requirement for phase value, assume that the DMRS REs within the window will be used.
Summary of round 1 email discussion:
Rohde & Schwarz does not agree with the tentative agreement in GTW, since it is not aligned with the existing TE implementation. In addition, Rohde & Schwarz provide a CR revision on how to derive the phase value based on data and DMRS symbols.
Recommendation for 2nd round discussion
WF:
Option 1: Not specifying how to frequency response is done, in line with current Annex in EVM test in TS 38.101-1 and TS 38.101-2
Option 2: specifying how the frequency response on Tx chain is derived. 
Option 3: TBA

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

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

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
New Issue: combing DMRS bundling feature with TxD and UL MIMO feature
 To further confirm the phase continuity tolerance requirement applicability on the feature of 
1. TxD 
2. UL MIMO



Discussion
Issue #1: OFDM symbols for deriving the phase value
For this issue, we would like to share the following analysis:
· If our understanding to the so called “existing TE implementation” is correct, Data RE could only be used after the estimated channel is derived by DMRS RE, which means the channel estimation and equalization could only be done in a serial pattern. Thus from complexity perspective, equalization procedure could be omitted.
· Although the equalized results based on data RE can be used iteratively to get more precise channel estimation results, but the goal of this test is to find out whether the phase continuity could be maintained among all UL signals generated from UE, which is different from the original purpose, i.e. EVM performance after demodulation.
· Since the phase continuity capability is mainly determined by UE hardware implementation, it seems no essential difference between DMRS and Data transmission. So test performance on DMRS RE is enough to represent the capability.    
In conclusion, we think only using DMRS REs within the test window could be enough for deriving the phase value.
Proposal 1: For the phase continuity test, suggest only using DMRS REs on the OFDM symbols within the test window to derive the phase value.

Issue #2: Measurement interval and how to calculate phase offset over several bundles
From our understanding, the requirement itself is set for a single bundle, and UE is required to fulfil such requirement for each slot within the bundle. So if multiple bundle is introduced, regardless it will be averaged or RMSed among all bundles, from UE implementation perspective the requirements will be relaxed. But from JCE gain perspective, it will be degraded for sure. 
Observation 1: Since the requirement itself is for single DMRS bundle, the motivation of introducing multiple bundles for the test is not clear.

Issue #3: Phase offset measurement
First we think there is no fundamental different between two options, since they are both using RMS method to derive the phase offset of each measurement time slot. But, Option 2 could be more accurate, since for Option 1 the average operation in frequency domain is introduced in the first place and normally the RB allocation number could be large. Hence from test perspective, the test result could be more persuasive if we go with Option 2. 
Proposal 2: Choose Option 2 for the 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 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:





Issue #4: Time offset 
To our understanding, the main reason for introducing symmetrical FFT window (EVMh and EVMl) is to exclude the impacts from the jitter caused by PA output power roll-up/roll-off. In other words, EVM or other RF requirements cannot be satisfied during such period. Consequently, we feel phase continuity cannot be guaranteed either. In general, we think it is better to reuse the original high/low test window set for phase continuity.   

Proposal 3: Choose Option 2 for the time offsetfor phase offset measurement:
	· Calculate PhaseOffsetl with set to ,
· Calculate PhaseOffseth with set to ,



Issue #5: Combining DMRS bundling with TxD and UL MIMO
First, we think it should be clarified that such “combining” doesn’t mean any new RF requirements. Bearing this in mind, we can find in CR [1], a UE which indicates the support on DMRS bundle shall satisfy the related RF requirements per antenna connector:
	[image: ]


Thus, we feel no additional specification clarification is required, since a UE which is capable of TxD or UL MIMO can freely indicate the support of DMRS bundling as long as it can satisfy the requirements per antenna connector. 
Observation 2: Seems no additional specification clarification is needed for combining DMRS bundling with TxD and UL MIMO, so long as such combining doesn’t introduce any new RF requirements.
[bookmark: _GoBack]Conclusion
In this contribution we discussed on the open issues on phase continuity for coverage enhancement, according to the analysis, we have the following observation and proposals: 
Observation 1: Since the requirement itself is for single DMRS bundle, the motivation of introducing multiple bundles for the test is not clear.
Observation 2: Seems no additional specification clarification is needed for combining DMRS bundling with TxD and UL MIMO, so long as such combining doesn’t introduce any new RF requirements.
Proposal 1: For the phase continuity test, suggest only using DMRS REs on the OFDM symbols within the test window to derive the phase value.
Proposal 2: Choose Option 2 for the 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 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:




Proposal 3: Choose Option 2 for the time offsetfor phase offset measurement:
	· Calculate PhaseOffsetl with set to ,
· Calculate PhaseOffseth with set to ,
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6.4.2.5 Phase continuity requirements for DMRS bundling

For bands that UE indicates the support of DMRS bundling, the maximum allowable difference between the measured
phase value in any slot p-7 and slot p, or slot 0 and any slot p for each antenna connector shall satisfy the requirements
as listed in Table 6.4.2.5-1 for the measurement conditions defined in Table 6. within a measurement time
window limited by the UE capability of maximum duration for DMRS bundling [maxDMRS-BundlingDuration], and
defined for each frequency band separately. The phase value for each slot is measured as shown in Annex F.9. These
requirements apply to PUCCH and PUSCH transmissions with DFT-s-OFDM and CP-OFDM waveforms.
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