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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]At the previous meeting, RAN5 has received an LS from RAN4 on the measurement of phase continuity requirements for DMRS bundling [1]. In this contribution, we discuss these type of measurements and propose a response to the questions raised by RAN4. 
Discussion
[bookmark: _Hlk112058150]In the last meeting RAN4 liaised with RAN5 asking for information on the measurement accuracy associated with phase continuity requirements. RAN5 created the action point AP#96e.22 to gather feedback on the LS:
	[bookmark: _Hlk112050347]Action ID
	sWG
	Action
	Responsible
	Relevant Tdoc
	Deadline
	Status

	AP#96e.22
	RF
	Perform Phase continuity measurement analysis for DMRS bundling with Global In-channel Tx test to respond to RAN4 on the requested action for Freq error measurement feasibility
	KEYS, Anritsu, R&S
	R5-223917 
(LS from RAN4)
	RAN5#97
	Open



Phase continuity requirements
RAN4 has added new requirements for phase continuity in TS 38.101-1 [2] and TS 38.101-2 [2].
Due to the higher frequencies applied, we focus the discussion on FR2: 

[bookmark: _Toc98864259][bookmark: _Toc99733508][bookmark: _Toc106577408][bookmark: _Toc114537159][bookmark: _Toc115257427][bookmark: _Toc21344332][bookmark: _Toc29801818][bookmark: _Toc29802242][bookmark: _Toc29802867][bookmark: _Toc36107609][bookmark: _Toc37251375][bookmark: _Toc45888239][bookmark: _Toc45888838][bookmark: _Toc61367516][bookmark: _Toc61372899][bookmark: _Toc68230847][bookmark: _Toc69084260][bookmark: _Toc75467270][bookmark: _Toc76509292][bookmark: _Toc76718282][bookmark: _Toc83580613][bookmark: _Toc84405122][bookmark: _Toc84413731]6.4.2.6	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-1 and slot p shall satisfy the requirements as listed in Table 6.4.2.6-1 for the measurement conditions defined in Table 6.4.2.6-2, within a measurement time window limited by the UE capability of maximum duration for DMRS bundling [maxDurationDMRS-Bundling-r17], and defined for each frequency band separately. The phase value for each slot is measured as shown in Annex F.8. These requirements apply to PUCCH and PUSCH transmissions with DFT-s-OFDM and CP-OFDM waveforms.
Table 6.4.2.6-1: Maximum allowable phase difference for DMRS bundling
	UL channel
	Modulation order
	Phase difference between any slot p-1 and slot p 
(NOTE 2)

	PUSCH
	Pi/2 BPSK, QPSK
	[25] degrees

	PUCCH
	Pi/2 BPSK, BPSK, QPSK
	

	NOTE 1: 	The UE capability of the length of maximum duration refers to the maximum time duration during which UE is able to meet the phase continuity requirements, assuming no phase consistency violating events defined in TS 38.214 in between.
NOTE 2: 	This requirement applies for TDD bands, for supported DMRS bundling configurations ≤ 8 slots.



The above requirements are applicable when all the following conditions are met within the measurement time window.
-	RB allocation in terms of length and frequency position does not change, and intra-slot and inter-slot frequency hopping is not activated.
-	Modulation order does not change.
-	No network commanded TA takes effect.
-	The TPMI precoder does not change.
-	There is no change in UE EIRP level, and no change in the level of P-MPR applied by the UE.
-	UE is not scheduled with uplink transmission of other physical channel/signal in-between the PUSCH or PUCCH transmissions.
-	For TDD, no downlink slot(s) or downlink symbol(s) or flexible symbol(s) with/without DL monitoring occasion configured in-between the PUSCH or PUCCH transmissions.
-	No uplink beam switching occurs.
Table 6.4.2.6-2: Measurement conditions for the maximum allowable phase difference
	
Parameter
	Unit
	Level

	UE EIRP
	dBm
	PUMAX,f,c in clause 6.2.4, P-MPR = 0

	UE downlink received power
	
	Not change

	Operating conditions
	
	Normal conditions

	Transmission bandwidth
	
	Confined within FUL_low + [4] MHz and FUL_high – [4] MHz

	DL signal frequency
	
	Not change before and during the measurement window

	DL signal timing
	
	Maintained constant before and during the measurement window

	UL slots for testing
	
	Tested on consecutive UL slots

	PUSCH waveform for testing
	
	DFT-s-OFDM



NOTE: Phase continuity requirements for DMRS bundling is defined only within FR2-1 in this release of the specification.

[bookmark: _Hlk117685934]On Common Frequency Offset
First part of the LS considers the common frequency offset correction and its handling (within one bundling time). The UE requirement for frequency error of 0.1 ppm will also apply for the DMRS bundling feature. The questions from RAN4 associated to the accuracy of frequency correction by TE are:
Q1-1: What would be the impact of the residual frequency error after CFO correction by TE on the testability of the phase offset measurement for UE complying with +/- 0.1 ppm frequency error requirement, particularly for the upper range of FR2-1 and lowest allowed SCS?
The upper frequency limit of FR2-1 is specified as 52.6 GHz. The test requirement for phase continuity in FR2 is measured in two adjacent slots. The longest slot time is associated to an SCS of 60 kHz and its duration is 0.25 ms. A UE fulfilling the frequency error requirement of ±0.1 ppm can change its phase up to 474 deg. However, this is an order of magnitude larger than the RAN4 requirement for phase continuity.

Observation 1: Due to the ±0.1 ppm requirement, the UE can change its phase by several 100 deg.

Observation 2: The phase continuity requirement is a stricter requirement than the UE frequency error requirement.

Considering the MTSU for frequency error of ±0.01 ppm, the phase difference can be ±39 deg for band n259, which is the highest band introduced in TS 38.521-2. This value is larger than the targeted minimum conformance requirement of [25] deg and blocks the measurement. For the upper frequency edge of FR2-1 the MTSU for frequency error has not been specified yet and it is expected that its value is not smaller than ±0.01 ppm.

Observation 3: The MTSU for frequency error of ±0.01 ppm results in a larger phase offset than the targeted RAN4 requirement for UE phase continuity which makes direct measurement not reasonable.

Since the accumulated phase error can be quite large, we propose to correct the mean phase for each slot where the mean is with respect to the different sub carriers (SCs). 

Base stations are correcting the signal in the best way. Therefore, it is reasonable for the phase continuity measurement to correct the mean phase per slot. 

Proposal 1: For FR2, correct the mean phase for each slot and apply the phase continuity requirement on the worst case phase difference between the adjacent slots with respect to the sub carriers.

The mean phase error correction can be defined as
,
where  is the phase response of the TX chain and fi are the sub carriers.
After the mean phase error correction, the processing as described in Annex F.8.4 of TS 38.101-2 can be performed, where we suggest to apply absolute value as highlighted in yellow below:

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

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


The phase continuity requirement is applied on the residual phase difference for each SC between the two slots after mean phase error correction. Among all these differences the maximum absolute value is taken as the result and compared to the phase continuity requirement.

A further question raised by RAN4 is:
Q1-2: Can Frequency error be corrected in such way that it has minimal or no impact on measurement uncertainty for phase discontinuity requirements? If answer is yes, in which options below could achieve this:
1. CFO correction in each slot should be applied taking into account a slot starting from a reference time slot (e.g slot 0 or any slot p-1) to measured time slot (slot p) to enable a continuous correction to avoid any potential phase step introduced by CFO correction.
2. CFO in each slot is corrected with its individual frequency error

In order to minimize the impact of frequency error we propose to correct the mean phase in each slot. Thus, option 2 in combination with mean phase correction results in no impact of frequency error on the phase continuity measurement.

Observation 4: Mean phase error correction per slot results in no impact of frequency error on the phase continuity measurement.

Q1-3: Does RAN5 see any other testing issue apart from issues raised by RAN4 above?
It is also required to correct the timing of the signal. Thus, Annex F of RAN4 TS 38.101-2, needs to be updated to consider mean phase correction and timing alignment.

Observation 5: It is not enough to correct the frequency offset, also the timing of the signal needs to be corrected.

Proposal 2: For FR2, correct also the timing of the signal.

	On improving test accuracy by repeated testing
Q2-1: The requirement of phase continuity requirement is applied within one DMRS bundling configuration, would the measurement uncertainty be improved as the result of repeating the test over several bundles and if so, what would be the recommended number of bundles and should it be dependent on the subcarrier spacing?
Whether repeated testing can improve the accuracy depends on the details of definition of the phase measurement. If a mean phase error correction per slot is not applied, repeated testing will reduce the impact of random fluctuations on the MU. However, we note that repeated testing is not required when a mean phase error is corrected per slot.

Observation 6: If mean phase error correction per slot is not applied, the accuracy can be improved by repeated testing. If mean phase error is corrected per slot, repeated testing is not needed.

Q2-2: In case multiple bundles will be tested, what is Ran5 view on how the test results in terms of phase offset from individual bundles be used to improve the test reliability and reduce measurement uncertainty (e.g., maximum over all bundles or RMS average over all bundles or others method)?
In the case of no mean phase error correction per slot, direct averaging of the results for individual subcarriers of the repetitions can be applied. No improvement of accuracy is possible when the results of individual subcarriers are processed by maximum or RMS average due to the non-linearity of these functions: 

However, due to the issues of common frequency offset correction, we prefer to apply a mean phase error correction per slot.

Observation 7: Improvement by repeated testing requires averaging with no maximum or RMS average allowed to be placed before the averaging. Due to the issues of common frequency offset correction, a mean phase error correction per slot is preferred and repeated testing not needed.

Since the discussion in this contribution focuses on FR2, we propose to keep the action point AP#96e.22 open, since the analysis for FR1 is FFS.

Proposal 3: Keep action point AP#96e.22 open, since the analysis for FR1 is FFS.

Assumptions
	ID
	Description
	Assumption

	#1
	Frequency ranges under consideration
	FR2-1


	Conclusion
In summary, we have analyzed the measurement of phase continuity requirements.
[bookmark: _Ref473660868][bookmark: _Ref473660708][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Observation 1: Due to the ±0.1 ppm requirement, the UE can change its phase by several 100 deg.

Observation 2: The phase continuity requirement is a stricter requirement than the UE frequency error requirement.

Observation 3: The MTSU for frequency error of ±0.1 ppm results in a larger phase offset than the targeted RAN4 requirement for UE phase continuity which makes direct measurement not reasonable.

[bookmark: _GoBack]Proposal 1: For FR2, correct the mean phase for each slot and apply the phase continuity requirement on the worst case phase difference between the adjacent slots with respect to the sub carriers.

Observation 4: Mean phase error correction per slot results in no impact of frequency error on the phase continuity measurement.

Observation 5: It is not enough to correct the frequency offset, also the timing of the signal needs to be corrected.

Proposal 2: For FR2, correct also the timing of the signal.

Observation 6: If mean phase error correction per slot is not applied, the accuracy can be improved by repeated testing. If mean phase error is corrected per slot, repeated testing is not needed.

Observation 7: Improvement by repeated testing requires averaging with no maximum or RMS average allowed to be placed before the averaging. Due to the issues of common frequency offset correction, a mean phase error correction per slot is preferred and repeated testing not needed.

Proposal 3: Keep action point AP#96e.22 open, since the analysis for FR1 is FFS.
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