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1. Introduction
At RAN4 #102-e, the phase continuity requirements for DMRS bundling [1][2] were agreed and several steps towards defining the measurement of the feature were made including the first versions of Annex “F.9 Phase offset measurement for DMRS bundling” for FR1 [3] and Annex “F.8 Phase offset measurement for DMRS bundling” for FR2 [4].
However, as can be seen in the Way Forward [5], there are still several points unclear or having different options on the table. The intent of this contribution is to give our views on some of those points as well as provide some proposals of addition of information to Annex F.9/8 relevant to RAN5 and TE vendors so to continue the work on the DMRS bundling testing aspects.
Please note that this contribution is for both FR1 and FR2 and so targets both [6] and [7].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-1 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 6.4.2.5-2, 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.
Table 6.4.2.5-1: Maximum allowable phase difference for DMRS bundling
UL channel
Modulation order
Phase difference between any slot p-1 and slot p 
(NOTE 2)
Phase difference between slot 0 and any slot p
(NOTE 3)
PUSCH
Pi/2 BPSK, QPSK
[25] degrees
[30] 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 FDD and TDD bands, for supported DMRS bundling configurations ≤ 8 slots.
NOTE 3: 	This requirement applies only for FDD bands, for supported DMRS bundling configurations of 16 slots.
[…]



2. Discussion
[bookmark: _Hlk101629847]The points treated in the discussion section are the following:
· CFO correction (related to Issue 3-1 [5]).
· Symbols used for calculation (related to Issue 3-4 [5]).
· Measurement interval (related to Issue 3-5 [5]).
· Phase difference over several bundles (related to Issue 3-5-1 [5]).
· Phase difference averaging (related to Issue 3-6-1 [5]).
· Steps of the measurement method.
2.1. CFO correction (related to Issue 3-1 [5])
To determine for each slot a unique phase number from the channel estimation made on the 3 DMRS symbols, the usage of such techniques as linear averaging or LSE is necessary. However, such techniques require reasonable small linear phase rotation between the DMRS symbols of a slot.
Indeed, the DMRS symbol at position symbol #2 of each slot is employed as reference, but the linear phase distortion makes it and the other symbols including DMRS symbol #7 and #11 rotates.

[image: ]
Figure 1 - Effect of 1% normalized CFO on symbols of a slot (DMRS symbols: #2, #7, #11).

[bookmark: _Hlk101527091]The symbol-to-symbol linear phase rotation is given by  where  is the normalized CFO calculated as  with the carrier frequency offset , the subcarrier spacing and the frequency error of . Figure 1 shows the case of a 1% normalized CFO (with DMRS symbol #2 as reference) corresponding to a symbol-to-symbol linear phase rotation of 3.6° on data symbols and DMRS symbols of a slot.
The TE by applying a common frequency correction during the reference time slot and the measured time slot at the antenna (connector) output, can:
· reduce significantly the frequency error at slot and so have the effect of linear phase rotation significantly reduced.
· keep the relative phase rotates at the same rate than the relative frequency error between the reference time slot and the measured time slot, and so not having an impact on their slot relative phase errors.
The common frequency correction could be simply calculated as the average of the signed frequency errors of each slot of a slot pair ((slot 0 or any slot p-1), slot p) at the output uplink antenna (connector) i.e.:

In Table F.1.2-1 of [8] as shown below, the maximum test system uncertainty is starting not being negligible for frequency error reported to the carrier spacing, ±0.01ppm frequency error corresponds to a normalized CFO  of 1.18% (60kHz SCS at 71GHz) i.e. about 4.3° of symbol-to-symbol linear phase rotation. It is questionable whether the CFO correction on slot-by-slot basis with both its uncertainty and its non-corrected frequency correction portion (due to trade-off to have common frequency correction) may allow the 6.4.2.6. requirements to be testable for the upper range of FR2-1 and FR2-2, as the remaining linear phase rotation will still be significant for using such technique as LSE for channel estimation. That should be further studied.
	[bookmark: _Hlk101426326][bookmark: _Hlk101439291]Table F.1.2-1: Maximum Test System Uncertainty (MTSU) for transmitter tests
	Subclause
	Maximum Test System Uncertainty
	Derivation of Test System Uncertainty

	6.4.1 Frequency Error
	± 0.01 ppm (NTC & ETC testing)
	MTSU = 1.00 x MU (from B.10.1 and B.10.2 in TR 38.903)







Observation 1: Applying a frequency correction at the UE antenna (connector) output can reduce significantly the frequency error at both reference and measured time slots and so have the effect of linear phase rotation significantly reduced.
Observation 2: Applying a common frequency correction during both reference and measured time slots at the UE antenna (connector) output can keep the relative phase rotates at the same rate than the relative frequency error between both slots, and so not having an impact on their slot relative phase errors.
Observation 3: The common frequency correction could be simply calculated as the average of the signed frequency errors of each slot of a slot pair ((slot 0 or any slot p-1), slot p) at the output uplink antenna (connector).
Observation 4: It is questionable whether the CFO correction on slot-by-slot basis with both its uncertainty and its non-corrected frequency correction portion (due to trade-off to have common frequency correction) may allow the 6.4.2.6 requirements to be testable for the upper range of FR2-1 and FR2-2, as the remaining linear phase rotation will still be significant for using such technique as LSE for channel estimation. That should be further studied.
Proposal 1: The TE should perform a CFO correction on a slot-by-slot basis using a common frequency correction during both reference and measured time slots at the UE antenna (connector) output.
Proposal 2: The common frequency correction should be calculated as the average of the signed frequency errors during both reference and measured time slots at the UE antenna (connector) output.
2.2. Symbols used for channel estimation (related to Issue 3-4 [5])
DMRS REs are enough to estimate the channel, which includes phase shift on UE side.
However, when properly processed, Data symbols helps DMRS to reduce the noise effect. The help by data symbols is limited because:
· sample increase is small (14 symbols instead of 3 symbols).
· data symbols are unknown (if hard decision failed, it affects channel estimation).
Observation 5: DMRS REs are enough to perform good channel estimation.
Proposal 3: The channel estimation should be determined based on DRMS REs with the option to use data symbols.
[bookmark: _Hlk101630123]2.3. Measurement interval (related to Issue 3-5 [5])
[bookmark: _Hlk101721522]Considering that the “phase difference between slot 0 and any slot p” applies only for FDD bands, for supported DMRS bundling configurations of 16 slots [6][7] and the 15kHz subcarrier spacing having a slot duration of 1ms, it should be noted such figure as 10 bundles would mean 160ms.
The number of bundles should dependent of the subcarrier spacing and fit in a time window of about 40ms maximum.
Observation 6: For the smallest subcarrier spacing and DMRS bundling configurations containing 16 slots, the measurement interval can lead to long measurement time if the number of bundles is excessive.
Proposal 4: The number of bundles should be dependent of the subcarrier spacing and fit in a time window of about 40ms maximum.
[bookmark: _Hlk101630220]2.4. Phase difference over several bundles (related to Issue 3-5-1 [5])
Among the several options presented in [5], we consider Option 2 i.e. the maximum phase difference over the different bundles.
Proposal 5: The maximum phase difference could be determined as the maximum value of the different bundles of a measurement interval.
2.5. Phase difference averaging (related to Issue 3-6-1 [5])
Among the two options presented in [5], we consider Option 2 i.e. quadratic mean of the set of phase difference (each phase difference corresponds to a subcarriers).
Proposal 6: The quadratic mean of the set of phase difference (each phase difference corresponds to a subcarriers) could be used.
2.6. Steps of the measurement method
[bookmark: _Hlk101523751]Below are detailed the steps necessary to obtain the maximum difference of relative phase error during the 20ms time window. As shown it is not possible to strictly categorize the measurement method used as a frequency domain one or time domain one: both domains being involved:


Figure 2 – Example of time line for DMRS bundling.

2.3.1. “Phase difference between slot 0 and any slot p” case
Let suppose X being the numbers of bundles and Y the number of slots per bundles, Z the number of subcarriers within the BWP. The following steps could be followed to determine the phase difference for DMRS bundling for the “Phase difference between slot 0 and any slot p” case [1]:

1. For the  bundle, determine CFO estimations of the reference slot giving  and all the other slots of the  bundle  with  the slot number.
· Output format: one vector of dimension  for the  bundle.
2. Determine for each combination  of the common frequency correction  to apply.
· Output format: one vector of dimension [1×] for the  bundle.
3. Apply  and determine for each subcarrier, the reference slot phase based on the 3 DMRS symbols of the reference slot using channel estimation based on the LSE technique.
· Output format: one vector of dimension  for the reference slot of the  bundle.
4. Apply  and determine for each subcarrier, the  slot phase based on the 3 DMRS symbols of the  slot using channel estimation based on the LSE technique.
· Output format: one vector of dimension  for the  slot of the  bundle.
5. [bookmark: _Hlk101703674]For the  bundle, calculation for the  slot for each subcarrier of the relative phase error (relative to the reference slot of the  bundle). 
· Output format: one vector of dimension, subcarrier relative phase errors of a slot.
6. For the  bundle, calculation for the  slot of the relative phase error based on the quadratic mean (RMS – Option 2 of New issue 3-6-1 [5]) of the subcarrier relative phase errors determined in step 5 (previous step). 
· Output format: one vector of dimension , “relative phase error” for a slot.
7. For the  bundle, repeat steps 3 to 6 for each slot of the  bundle
· Output format: , “relative phase error” for all slots of the  bundle.
8. For the  bundle, calculate the maximum value among the “phase difference” (relative phase error) values of the slots of the  bundle.
· Output format: , “maximum phase difference” among all slots of the  bundle.
9. For each other bundle of the measurement interval (composed of X bundles), repeat steps 1 to 8.
· Output format: , “maximum phase difference” among all slots for each bundle.
10. Calculate the maximum (Option 2 of Issue 3-5-1 [5]) value among the “phase difference” (relative phase error) values of the bundles of the measurement interval.
· Output format: , “maximum phase difference” among all slots and all bundles.
Proposal 7: The steps of the measurement method as described in section 2.3.1. should be documented in Annex F.9 of the 38.101-1 and in Annex F.8 of the 38.101-2.
2.3.2. “Phase difference between any slot p-1 and slot p” case
Let suppose X being the numbers of bundles and Y the number of slots per bundles, Z the number of subcarriers within the BWP. The following steps could be followed to determine the phase difference for DMRS bundling for the “Phase difference between any slot p-1 and slot p” case [2][7]:

1. For the  bundle, determine CFO estimations of the slots of the  bundle  with  the slot number.
· Output format: one vector of dimension  for the  bundle.
2. Determine for each combination  of the common frequency correction  to apply, between 1 and .
· Output format: one vector of dimension [1×] for the  bundle.
3. Apply  and determine for each subcarrier, the reference slot phase based on the 3 DMRS symbols of the slot preceding the  slot using channel estimation based on the LSE technique.
· Output format: one vector of dimension  for the reference slot of the  bundle.
4. Apply  and determine for each subcarrier, the  slot phase based on the 3 DMRS symbols of the  slot using channel estimation based on the LSE technique.
· Output format: one vector of dimension  for the  slot of the  bundle.
5. For the  bundle, calculation for the  slot for each subcarrier of the relative phase error (relative to the reference slot of the  bundle). 
· Output format: one vector of dimension, subcarrier relative phase errors of a slot.
6. For the  bundle, calculation for the  slot of the relative phase error based on the quadratic mean (RMS – Option 2 of New issue 3-6-1 [5]) of the subcarrier relative phase errors determined in step 5 (previous step). 
· Output format: one vector of dimension , “relative phase error” for a slot.
7. For the  bundle, repeat steps 3 to 6 for each slot of the  bundle
· Output format: , “relative phase error” for all slots of the  bundle.
8. For the  bundle, calculate the maximum value among the “phase difference” (relative phase error) values of the slots of the  bundle.
· Output format: , “maximum phase difference” among all slots of the  bundle.
9. For each other bundle of the measurement interval (composed of X bundles), repeat steps 1 to 8.
· Output format: , “maximum phase difference” among all slots for each bundle.
10. Calculate the maximum (Option 2 of Issue 3-5-1 [5]) value among the “phase difference” (relative phase error) values of the bundles of the measurement interval.
· Output format: , “maximum phase difference” among all slots and all bundles.
Proposal 8: The steps of the measurement method as described in section 2.3.2. should be documented in Annex F.9 of the 38.101-1 and in Annex F.8 of the 38.101-2.

3. Conclusion
Based on the discussion above, we propose the following:
[bookmark: _Hlk101171719]Observation 1: Applying a frequency correction at the UE antenna (connector) output can reduce significantly the frequency error at both reference and measured time slots and so have the effect of linear phase rotation significantly reduced.
Observation 2: Applying a common frequency correction during both reference and measured time slots at the UE antenna (connector) output can keep the relative phase rotates at the same rate than the relative frequency error between both slots, and so not having an impact on their slot relative phase errors.
Observation 3: The common frequency correction could be simply calculated as the average of the signed frequency errors of each slot of a slot pair ((slot 0 or any slot p-1), slot p) at the output uplink antenna (connector).
Observation 4: It is questionable whether the CFO correction on slot-by-slot basis with both its uncertainty and its non-corrected frequency correction portion (due to trade-off to have common frequency correction) may allow the 6.4.2.6 requirements to be testable for the upper range of FR2-1 and FR2-2, as the remaining linear phase rotation will still be significant for using such technique as LSE for channel estimation. That should be further studied.
Observation 5: DMRS REs are enough to perform good channel estimation.
Observation 6: For the smallest subcarrier spacing and DMRS bundling configurations containing 16 slots, the measurement interval can lead to long measurement time if the number of bundles is excessive.
Proposal 1: The TE should perform a CFO correction on a slot-by-slot basis using a common frequency correction during both reference and measured time slots at the UE antenna (connector) output.
Proposal 2: The common frequency correction should be calculated as the average of the signed frequency errors during both reference and measured time slots at the UE antenna (connector) output.
Proposal 3: The channel estimation could be determined based on DRMS REs with the option to use data symbols.
Proposal 4: The number of bundles should be dependent of the subcarrier spacing and fit in a time window of about 40ms maximum.
Proposal 5: The maximum phase difference could be determined as the maximum value of the different bundles of a measurement interval.
Proposal 6: The quadratic mean of the set of phase difference (each phase difference corresponds to a subcarriers) could be used.
Proposal 7: The steps of the measurement method as described in section 2.3.1. should be documented in Annex F.9 of the 38.101-1 and in Annex F.8 of the 38.101-2.
Proposal 8: The steps of the measurement method as described in section 2.3.2. should be documented in Annex F.9 of the 38.101-1 and in Annex F.8 of the 38.101-2.
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ANNEX A – To be added in annex F.9 of 38.101-1
<< Unchanged part is omitted>>
< start of changes >
F.9	Phase difference measurement for DMRS bundling
[bookmark: _Hlk101790717][bookmark: _Hlk101790685]< next changes >
[bookmark: _Hlk101790745]F.9.2. Symbols used
It should be determined based on DRMS REs (3 DMRS symbols per slot) with the option to use data symbols.
F.9.3. CFO correction
The TE should perform a CFO correction on a slot-by-slot basis using a common frequency correction, that common frequency correction should be calculated as the average of the signed frequency errors of two slots (“slot 0 and any slot p” or “any slot p-1 and slot p” as defined in clause 6.4.2.5).
F.9.4. Steps of the measurement method
Below are detailed the steps necessary to obtain the maximum phase difference for DMRS bundling for the specified measurement interval.
[bookmark: _Hlk101791146]F.9.4.1. “Phase difference between slot 0 and any slot p” case
Let suppose X being the numbers of bundles and Y the number of slots per bundles, Z the number of subcarriers within the BWP. The following steps could be followed to determine the phase difference for DMRS bundling for the “Phase difference between slot 0 and any slot p” case:

1. For the  bundle, determine CFO estimations of the reference slot giving  and all the other slots of the  bundle  with  the slot number.
· Output format: one vector of dimension  for the  bundle.
2. Determine for each combination  of the common frequency correction  to apply.
· Output format: one vector of dimension [1×] for the  bundle.
3. Apply  and determine for each subcarrier, the reference slot phase based on the 3 DMRS symbols of the reference slot using channel estimation based on the LSE technique.
· Output format: one vector of dimension  for the reference slot of the  bundle.
4. Apply  and determine for each subcarrier, the  slot phase based on the 3 DMRS symbols of the  slot using channel estimation based on the LSE technique.
· Output format: one vector of dimension  for the  slot of the  bundle.
5. For the  bundle, calculation for the  slot for each subcarrier of the relative phase error (relative to the reference slot of the  bundle). 
· Output format: one vector of dimension, subcarrier relative phase errors of a slot.
6. For the  bundle, calculation for the  slot of the relative phase error based on the quadratic mean (RMS) of the subcarrier relative phase errors determined in step 5 (previous step). 
· Output format: one vector of dimension , “relative phase error” for a slot.
7. For the  bundle, repeat steps 3 to 6 for each slot of the  bundle
· Output format: , “relative phase error” for all slots of the  bundle.
8. For the  bundle, calculate the maximum value among the “phase difference” (relative phase error) values of the slots of the  bundle.
· Output format: , “maximum phase difference” among all slots of the  bundle.
9. For each other bundle of the measurement interval (composed of X bundles), repeat steps 1 to 8.
· Output format: , “maximum phase difference” among all slots for each bundle.
10. Calculate the maximum value among the “phase difference” (relative phase error) values of the bundles of the measurement interval.
· Output format: , “maximum phase difference” among all slots and all bundles.
F.9.4.2. “Phase difference between any slot p-1 and slot p” case
Let suppose X being the numbers of bundles and Y the number of slots per bundles, Z the number of subcarriers within the BWP. The following steps could be followed to determine the phase difference for DMRS bundling for the “Phase difference between any slot p-1 and slot p” case:

1. For the  bundle, determine CFO estimations of the slots of the  bundle  with  the slot number.
· Output format: one vector of dimension  for the  bundle.
2. Determine for each combination  of the common frequency correction  to apply, between 1 and .
· Output format: one vector of dimension [1×] for the  bundle.
3. Apply  and determine for each subcarrier, the reference slot phase based on the 3 DMRS symbols of the slot preceding the  slot using channel estimation based on the LSE technique.
· Output format: one vector of dimension  for the reference slot of the  bundle.
4. Apply  and determine for each subcarrier, the  slot phase based on the 3 DMRS symbols of the  slot using channel estimation based on the LSE technique.
· Output format: one vector of dimension  for the  slot of the  bundle.
5. For the  bundle, calculation for the  slot for each subcarrier of the relative phase error (relative to the reference slot of the  bundle). 
· Output format: one vector of dimension, subcarrier relative phase errors of a slot.
6. For the  bundle, calculation for the  slot of the relative phase error based on the quadratic mean (RMS) of the subcarrier relative phase errors determined in step 5 (previous step). 
· Output format: one vector of dimension , “relative phase error” for a slot.
7. For the  bundle, repeat steps 3 to 6 for each slot of the  bundle
· Output format: , “relative phase error” for all slots of the  bundle.
8. For the  bundle, calculate the maximum value among the “phase difference” (relative phase error) values of the slots of the  bundle.
· Output format: , “maximum phase difference” among all slots of the  bundle.
9. For each other bundle of the measurement interval (composed of X bundles), repeat steps 1 to 8.
· Output format: , “maximum phase difference” among all slots for each bundle.
10. Calculate the maximum value among the “phase difference” (relative phase error) values of the bundles of the measurement interval.
· Output format: , “maximum phase difference” among all slots and all bundles.

< end of changes >


ANNEX B – To be added in annex F.8 of 38.101-2
<< Unchanged part is omitted>>
< start of changes >
F.8	Phase difference measurement for DMRS bundling
< next changes >
[bookmark: _Hlk101790873]F.8.2. Symbols used
It should be determined based on DRMS REs (3 DMRS symbols per slot) with the option to use data symbols.
F.8.3. CFO correction
The TE should perform a CFO correction on a slot-by-slot basis using a common frequency correction, that common frequency correction should be calculated as the average of the signed frequency errors of two slots (“slot 0 and any slot p” or “any slot p-1 and slot p” as defined in clause 6.4.2.6).
F.8.4. Steps of the measurement method
Below are detailed the steps necessary to obtain the maximum phase difference for DMRS bundling for the specified measurement interval.
[bookmark: _Hlk101791284][bookmark: _Hlk101791301]F.8.4.1. “Phase difference between slot 0 and any slot p” case
Let suppose X being the numbers of bundles and Y the number of slots per bundles, Z the number of subcarriers within the BWP. The following steps could be followed to determine the phase difference for DMRS bundling for the “Phase difference between slot 0 and any slot p” case:

1. For the  bundle, determine CFO estimations of the reference slot giving  and all the other slots of the  bundle  with  the slot number.
· Output format: one vector of dimension  for the  bundle.
2. Determine for each combination  of the common frequency correction  to apply.
· Output format: one vector of dimension [1×] for the  bundle.
3. Apply  and determine for each subcarrier, the reference slot phase based on the 3 DMRS symbols of the reference slot using channel estimation based on the LSE technique.
· Output format: one vector of dimension  for the reference slot of the  bundle.
4. Apply  and determine for each subcarrier, the  slot phase based on the 3 DMRS symbols of the  slot using channel estimation based on the LSE technique.
· Output format: one vector of dimension  for the  slot of the  bundle.
5. For the  bundle, calculation for the  slot for each subcarrier of the relative phase error (relative to the reference slot of the  bundle). 
· Output format: one vector of dimension, subcarrier relative phase errors of a slot.
6. For the  bundle, calculation for the  slot of the relative phase error based on the quadratic mean (RMS) of the subcarrier relative phase errors determined in step 5 (previous step). 
· Output format: one vector of dimension , “relative phase error” for a slot.
7. For the  bundle, repeat steps 3 to 6 for each slot of the  bundle
· Output format: , “relative phase error” for all slots of the  bundle.
8. For the  bundle, calculate the maximum value among the “phase difference” (relative phase error) values of the slots of the  bundle.
· Output format: , “maximum phase difference” among all slots of the  bundle.
9. For each other bundle of the measurement interval (composed of X bundles), repeat steps 1 to 8.
· Output format: , “maximum phase difference” among all slots for each bundle.
10. Calculate the maximum value among the “phase difference” (relative phase error) values of the bundles of the measurement interval.
· Output format: , “maximum phase difference” among all slots and all bundles.
F.8.4.2. “Phase difference between any slot p-1 and slot p” case
Let suppose X being the numbers of bundles and Y the number of slots per bundles, Z the number of subcarriers within the BWP. The following steps could be followed to determine the phase difference for DMRS bundling for the “Phase difference between any slot p-1 and slot p” case:

1. For the  bundle, determine CFO estimations of the slots of the  bundle  with  the slot number.
· Output format: one vector of dimension  for the  bundle.
2. Determine for each combination  of the common frequency correction  to apply, between 1 and .
· Output format: one vector of dimension [1×] for the  bundle.
3. Apply  and determine for each subcarrier, the reference slot phase based on the 3 DMRS symbols of the slot preceding the  slot using channel estimation based on the LSE technique.
· Output format: one vector of dimension  for the reference slot of the  bundle.
4. Apply  and determine for each subcarrier, the  slot phase based on the 3 DMRS symbols of the  slot using channel estimation based on the LSE technique.
· Output format: one vector of dimension  for the  slot of the  bundle.
5. For the  bundle, calculation for the  slot for each subcarrier of the relative phase error (relative to the reference slot of the  bundle). 
· Output format: one vector of dimension, subcarrier relative phase errors of a slot.
6. For the  bundle, calculation for the  slot of the relative phase error based on the quadratic mean (RMS) of the subcarrier relative phase errors determined in step 5 (previous step). 
· Output format: one vector of dimension , “relative phase error” for a slot.
7. For the  bundle, repeat steps 3 to 6 for each slot of the  bundle
· Output format: , “relative phase error” for all slots of the  bundle.
8. For the  bundle, calculate the maximum value among the “phase difference” (relative phase error) values of the slots of the  bundle.
· Output format: , “maximum phase difference” among all slots of the  bundle.
9. For each other bundle of the measurement interval (composed of X bundles), repeat steps 1 to 8.
· Output format: , “maximum phase difference” among all slots for each bundle.
10. Calculate the maximum value among the “phase difference” (relative phase error) values of the bundles of the measurement interval.
· Output format: , “maximum phase difference” among all slots and all bundles.
< end of changes >



ANNEX C – 6.4.2.5 Phase continuity requirements for DMRS bundling – FR1
For reference is given below the 6.4.2.5 requirements [1] including the list of conditions ([1] was approved in RP-220360 but was not implemented in [7]):
[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]6.4.2.5	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-1 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 6.4.2.5-2, 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.
Table 6.4.2.5-1: Maximum allowable phase difference for DMRS bundling
UL channel
Modulation order
Phase difference between any slot p-1 and slot p 
(NOTE 2)
Phase difference between slot 0 and any slot p
(NOTE 3)
PUSCH
Pi/2 BPSK, QPSK
[25] degrees
[30] 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 FDD and TDD bands, for supported DMRS bundling configurations ≤ 8 slots.
NOTE 3: 	This requirement applies only for FDD bands, for supported DMRS bundling configurations of 16 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 transmission power 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.
 Table 6.4.2.5-2: Measurement conditions for the maximum allowable phase difference

Parameter
Unit
Level
UE Output Power
dBm
PCMAX,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




ANNEX D – 6.4.2.6 Phase continuity requirements for DMRS bundling – FR2
For reference is given below the 6.4.2.6 requirements [7] including the list of conditions:
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 for each antenna connector 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 [maxDMRS-BundlingDuration], 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
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