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[bookmark: _Ref513464071]Introduction
RAN approved a WI on further coverage enhancements for NR [1]. The WI includes the following objective:
· Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)
The design phase of the WI is now completed in RAN1 [2]. This contribution discusses remaining aspects and potential corrections to RAN1 specifications related to the dynamic waveform switching objective of the WI.
PCMAX for assumed PUSCH
RAN2 sent LS [3] to inform RAN1 on latest RAN2 agreements related to reporting of PCMAX for assumed PUSCH and to ask if reporting PCMAX for actual and assumed PUSCH to support the DC/CA scenario has any impact to RAN1’s design in addition to that of the single carrier case.

Although PCMAX for assumed PUSCH is currently not captured in TS38.213, existing RAN1 agreements seem to already address the DC/CA scenario without any difficulty. Following bullets from RAN1#114 agreement are relevant:

· Power headroom information for assumed PUSCH is based on an actual PUSCH transmission.
· In case of no actual PUSCH transmission on a serving cell, power headroom information for assumed PUSCH is not supported.
· […]
· […]
· If UE reports power headroom information for assumed PUSCH in a PUSCH transmission, legacy PHR is also reported in the same PUSCH transmission.

Thus, UE provides the PCMAX for assumed PUSCH for a serving cell only there is actual PUSCH transmission on the serving cell, and in a transmission in which the corresponding legacy (Type 1) PH is also reported. TS38.213 already specifies in section 7.7.1 for which actual PUSCH transmission of a serving cell the UE provides a PH report. Such actual PUSCH transmission is therefore the reference for the assumed PUSCH for which the UE additionally provides PCMAX if other already agreed conditions are satisfied. RAN1 should thus inform RAN2 that there is no additional issue related to the reporting of PCMAX for assumed PUSCH in the CA/DC scenario.

Proposal 1: Send reply LS to RAN2 indicating that RAN1 does not identify any issue on RAN1 specification if the UE is configured to report PCMAX for actual and assumed PUSCH information for multiple serving cells to support DC/CA scenario. 

A draft reply LS is available in [4].

RAN2 agreed on introducing a new MAC CE for the reporting of single entry or multiple entry PHR with assumed PUSCH. In the draft running CR to 38.321 for Coverage Enhancement, there are references to “PCMAX,f,c for assumed PUSCH (as specified in TS 38.213 [6])”. It is suggested to include such description in section 7.7.1 of TS38.213, since PCMAX for assumed PUSCH is only included if (Type 1) PH of corresponding actual PUSCH is included in the report.

Proposal 2: Adopt following TP to TS38.213:

	[bookmark: _Toc12021458][bookmark: _Toc20311570][bookmark: _Toc26719395][bookmark: _Toc29894826][bookmark: _Toc29899125][bookmark: _Toc29899543][bookmark: _Toc29917280][bookmark: _Toc36498154][bookmark: _Toc45699180][bookmark: _Toc146789746]7.7.1	Type 1 PH report
<<< Start changes >>>

-	a first Type 1 power headroom report and a first configured maximum output power associated with the first TCI-State or TCI-UL-State, and a second Type 1 power headroom report and a second configured maximum output power associated with the second TCI-State or TCI-UL-State, for an actual PUSCH transmission using a spatial domain filter corresponding to the first TCI-State or TCI-UL-State and using a spatial domain filter corresponding to the second TCI-State or TCI-UL-State.

If a UE provides a Type 1 power headroom report for an activated serving cell based on an actual PUSCH transmission, is provided assumedPUSCHInfo, and dynamicTransformPrecoderIndicationDCI-0-1 or dynamicTransformPrecoderIndicationDCI-0-2 is set to enabled for the active bandwidth part of the serving cell:

· if transform precoding is enabled for the actual PUSCH transmission, and the UE supports transmission of an assumed PUSCH for which transform precoding is disabled and all other parameters are the same as the actual PUSCH transmission, the UE provides PCMAX,f,c for this assumed PUSCH for the serving cell accounting for MPR, A-MPR and P-MPR applicable to the assumed PUSCH;

· if transform precoding is disabled for the actual PUSCH transmission, and the UE supports transmission of an assumed PUSCH for which transform precoding is enabled and all other parameters are the same as the actual PUSCH transmission, the UE provides PCMAX,f,c for this assumed PUSCH for the serving cell accounting for MPR, A-MPR and P-MPR applicable to the assumed PUSCH;

· otherwise, UE does not provide a PCMAX,f,c for assumed PUSCH for the serving cell.

<<< End changes >>>




Remaining aspects
Power control aspects

In RAN1#114bis, two possible issues related to power control were raised [5] and are further discussed below.

One potential issue occurs in the scenario where the UE has reached maximum power at PUSCH transmission occasion i-i0. According to section 7.1.1 of TS 38.213, the PUSCH power control adjustment state is not allowed to increase at PUSCH transmission occasion i in that case. This is to prevent the power control adjustment state from increasing excessively because of the network attempting to increase power without knowing that maximum power has been reached. Thus, even if PCMAX at transmission occasion i increases (perhaps thanks to waveform change from CP-OFDM to DFT-S-OFDM) and DCI indicates TPC UP, the actual transmission power increase may be restricted for that PUSCH.

However, the following observations can be made:

· The restriction that the PUSCH power control adjustment state does not increase at PUSCH transmission occasion i does not imply that PUSCH transmission power at occasion i is the same as PUSCH transmission power at occasion i-i0. Assuming equal path loss and same transmission parameters between the two PUSCH transmissions, the transmission power can increase up to the difference between the bottom term of following formula and PCMAX. This difference can easily be larger than the increase of PCMAX between the two occasions.

[image: ]

· Even if the increase of transmission power at occasion i is not sufficient to reach the increased PCMAX, the PUSCH power control adjustment state can be increased at the subsequent transmission occasion.
· In legacy operation, PCMAX can already change (increase) significantly due to e.g. change of frequency allocation and even change of waveform (using different DCI formats), and this power control behaviour does not seem to create any problem.
In view of the above observations, the severity of the problem and justification for modifying power control behaviour are unclear.
Proposal 3: No change to PUSCH power control adjustment functionality.

Another potential issue occurs when power scaling occurs due to the sum of required transmission powers exceeding a maximum level. Current prioritization rules for power allocation do not consider whether transform precoding is enabled or disabled. Therefore, it is possible that a change of waveform does not result in a power increase for a PUSCH transmission if power scaling occurs and the transmission is not prioritized. However, such scenario can already occur in legacy since waveform can be configured independently on different carriers. No prioritization based on transform precoding is specified in legacy since there is no reason to assume that the contents of a transmission is more critical when transform precoding is enabled. Configuration of dynamic waveform switching does not change this situation.

Proposal 4: No change to prioritization for transmission power reductions.
Conclusion
This contribution discussed remaining aspects and potential corrections to RAN1 specifications related to dynamic waveform switching and proposed the following:
Proposal 1: Send reply LS to RAN2 indicating that RAN1 does not identify any issue on RAN1 specification if the UE is configured to report PCMAX for actual and assumed PUSCH information for multiple serving cells to support DC/CA scenario. 

Proposal 2: Adopt following TP to TS38.213:

	7.7.1	Type 1 PH report
<<< Start changes >>>

-	a first Type 1 power headroom report and a first configured maximum output power associated with the first TCI-State or TCI-UL-State, and a second Type 1 power headroom report and a second configured maximum output power associated with the second TCI-State or TCI-UL-State, for an actual PUSCH transmission using a spatial domain filter corresponding to the first TCI-State or TCI-UL-State and using a spatial domain filter corresponding to the second TCI-State or TCI-UL-State.

If a UE provides a Type 1 power headroom report for an activated serving cell based on an actual PUSCH transmission, is provided assumedPUSCHInfo, and dynamicTransformPrecoderIndicationDCI-0-1 or dynamicTransformPrecoderIndicationDCI-0-2 is set to enabled for the active bandwidth part of the serving cell:

· if transform precoding is enabled for the actual PUSCH transmission, and the UE supports transmission of an assumed PUSCH for which transform precoding is disabled and all other parameters are the same as the actual PUSCH transmission, the UE provides PCMAX,f,c for this assumed PUSCH for the serving cell accounting for MPR, A-MPR and P-MPR applicable to the assumed PUSCH;

· if transform precoding is disabled for the actual PUSCH transmission, and the UE supports transmission of an assumed PUSCH for which transform precoding is enabled and all other parameters are the same as the actual PUSCH transmission, the UE provides PCMAX,f,c for this assumed PUSCH for the serving cell accounting for MPR, A-MPR and P-MPR applicable to the assumed PUSCH;

· otherwise, UE does not provide a PCMAX,f,c for assumed PUSCH for the serving cell.

<<< End changes >>>




Proposal 3: No change to PUSCH power control adjustment functionality.

Proposal 4: No change to prioritization for transmission power reductions.
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Appendix: Previous agreements
RAN1#114bis
Agreement
Adopt following changes to Section 7.3.1.1.2, TS 38.212 v18.0.0
7.3.1.1.2			Format 0_1
<<< Start changes >>>
-	Transform precoder indicator - 0 or 1 bit
-	1 bit if the higher layer parameter dynamicTransformPrecoderIndicationDCI-0-1 is configured to 'enabled ' and if the UE is configured to monitor DCI format 0_1 with CRC scrambled by C-RNTI or CS-RNTI or MCS-C-RNTI, where the bit value of 0 indicates that transform precoder is enabled and the bit value of 1 indicates that transform precoder is disabled. For a DCI format 0_1 with CRC scrambled by CS-RNTI  and the value indicated by new data indicator field is 0, or for a DCI format 0_1 with CRC scrambled by SP-CSI-RNTI, the bit is reserved.
-	0 bit otherwise.
<<< End changes >>>

Agreement
Adopt following changes to Section 7.3.1.1.3, TS 38.212 v18.0.0

7.3.1.1.3	Format 0_2
<<< Start changes >>>
-	Transform precoder indicator - 0 or 1 bit
-	1 bit if the higher layer parameter dynamicTransformPrecoderIndicationDCI-0-2 is configured to 'enabled ' and if the UE is configured to monitor DCI format 0_2 with CRC scrambled by C-RNTI or CS-RNTI or MCS-C-RNTI, where the bit value of 0 indicates that transform precoder is enabled and the bit value of 1 indicates that transform precoder is disabled. For a DCI format 0_2 with CRC scrambled by CS-RNTI and the value indicated by new data indicator field is 0, or for a DCI format 0_2 with CRC scrambled by SP-CSI-RNTI, the bit is reserved.
-	0 bit otherwise.
<<< End changes >>>


Agreement
The following changes to Section 7.3.1.1.2, TS 38.212 v18.0.0 is endorsed in principle.
(TS38.212 v18.0.0, 7.3.1.1.2)
-	DMRS sequence initialization – 0 bit if transform precoder is enabled by higher layers and the Transform precoder indicator field is not present; 1 bit if transform precoder is disabled by higher layers or if the Transform precoder indicator field is present. If the Transform precoder indicator field is present and set to ‘0’, the bit is reserved.
Agreement
The following changes to Section 7.3.1.1.3, TS 38.212 v18.0.0 is endorsed in principle.
-     DMRS sequence initialization – 0 or 1 bit
-	0 bit if the higher layer parameter dmrs-SequenceInitializationDCI-0-2 is not configured, or if transform precoder is enabled by higher layers and the Transform precoder indicator field is not present;
-     1 bit if transform precoder is disabled by higher layers and the higher layer parameter dmrs-SequenceInitializationDCI-0-2 is configured, or if the Transform precoder indicator field is present and the higher layer parameter dmrs-SequenceInitializationDCI-0-2 is configured. If the Transform precoder indicator field is present and set to ‘0’, the bit is reserved.

For the editors:
The above endorsed text proposals to 38.212 are also collected in R1-2310499. Please consider them in the next specification revision.



Conclusion
In Rel-18, for msg3 PUSCH and msgA PUSCH, the UE considers the transform precoding 'enabled' or 'disabled' according to legacy.



Agreement
For PUSCH scheduled by DCI format 0_1 (0_2) in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1 and [dynamicTransformPrecoderIndicationDCI-0-1]  ([dynamicTransformPrecoderIndicationDCI-0-2]) set to ‘enabled’: 
· If higher layers and/or DCI set uplink resource allocation to type 0, UE does not expect that Transform precoder indicator field indicates that transform precoder is enabled.
· Note: further investigate any specification change.

Agreement
For PUSCH scheduled by DCI format 0_1 (0_2) in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1 and [dynamicTransformPrecoderIndicationDCI-0-1] ([dynamicTransformPrecoderIndicationDCI-0-2]) set to ‘enabled’:
· If dmrs-Type corresponding to the PUSCH is set to type2, UE does not expect that Transform precoder indicator field indicates that transform precoder is enabled.
· Note: further investigate any specification change.

RAN1#114
Agreement
Support following enhancement to assist the scheduler in determining waveform switching:
· Reporting of power headroom information for an assumed PUSCH using target waveform different from waveform of actual PUSCH. 
· Note: Any MAC CE related design is up to RAN2
· Subject to separate UE capability 
· Details FFS.
Conclusion (Made in RAN#100, RP-231498)
RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel-18 UL Coverage enh WI
Send LS to inform above agreement and conclusion.

Agreement
Draft LS R1-2308364 is endorsed in principle.
Agreement
Final LS R1-2308376 is endorsed.

Agreement
Introduce two new RRC parameters for configuration of DWS field in DCI formats 0_1/0_2:
· Value range is {enabled, disabled} for each of DCI format 0_1 and DCI format 0_2:
· “enabled” means that DWS field is present in the DCI format and UE follows DWS field.
· “disabled means that DWS field is not present and UE follows legacy parameter (transformPrecoder) when scheduled using the DCI format.


Agreement
For reporting of power headroom information for assumed PUSCH using target waveform different from waveform of actual PUSCH, support the following:
· Power headroom information for assumed PUSCH is based on an actual PUSCH transmission.
· In case of no actual PUSCH transmission on a serving cell, power headroom information for assumed PUSCH is not supported.
· DWS field needs to be configured for at least one DCI format for the BWP of the actual PUSCH, otherwise power headroom information for assumed PUSCH is not supported.
· If actual PUSCH transmission is with DFT-S-OFDM waveform, UE computes power headroom information of an assumed PUSCH with CP-OFDM waveform. If actual PUSCH transmission is with CP-OFDM waveform, UE computes power headroom information of an assumed PUSCH with DFT-S-OFDM waveform.
· All parameters that are used for the calculation of PCMAX,f,c(i), except waveform, are the same between assumed PUSCH and actual PUSCH.
· In case assumed PUSCH transmission is not supported for the parameters that are used for the calculation of PCMAX,f,c(i), power headroom information for assumed PUSCH is not computed or reported.
· Power headroom information for assumed PUSCH contains:
· PCMAX,f,c(i) of assumed PUSCH
· Accounting for applicable MPR, A-MPR and P-MPR for the assumed PUSCH.
· If UE reports power headroom information for assumed PUSCH in a PUSCH transmission, legacy PHR is also reported in the same PUSCH transmission.
· No consensus in RAN1 if the following applies or not: if UE reports legacy PHR in a PUSCH transmission, power headroom information for assumed PUSCH is also reported.
· Note: RAN endorsed the following at RAN#100: “RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel-18 UL Coverage enh WI” [RP-231498].
Send LS to RAN2 to inform above agreement.


Agreement
Draft LS R1-2308476 is endorsed in principle by adding above agreement.
Agreement
Final LS R1-2308477 is endorsed.

Agreement
Introduce a new RRC parameter under PHR-Config for configuration of reporting of power headroom information for an assumed PUSCH:
Value range is {enabled}

Agreement
Value “0” of dynamic waveform switching indicator field maps to transform precoding enabled.
Value “1” of dynamic waveform switching indicator field maps to transform precoding disabled.

RAN1#113
Agreement
Configuration of dynamic waveform switching indicator field, for a BWP, is separately configurable between DCI format 0_1 and DCI format 0_2.

Agreement
For potential enhancements to assist the scheduler in determining waveform switching, RAN1 to select 1 from the following options:
· Option 1: Reporting of power headroom information for a reference PUSCH using target waveform different from waveform of actual PUSCH. 
· Details FFS.
· Note: Any MAC CE related decision is up to RAN2
· Option 4: No enhancement. 

RAN1#112b-e
Agreement
For DCI format 0_1/0_2 containing dynamic waveform indication, bit width of each field is set to the maximum between the bit width of the field if transform precoding is disabled and the bit width of the field if transform precoding is enabled, if different.
· If, for the waveform indicated in the DCI, the bit width N of a field would be smaller than the bit width of the field set as per the above, UE decodes the field using N least significant bits. If N=0, the UE ignores the field for the indicated waveform.


Agreement
For potential enhancements to assist the scheduler in determining waveform switching, RAN1 to select 1 from the following options:
· Option 1: Reporting of power headroom information for a reference PUSCH using target waveform different from waveform of actual PUSCH.
· Details FFS.
· Note: reporting PH information for both waveforms is not precluded.
· Note: additional trigger for PH for reference PUSCH is not precluded.
· Option 2: New trigger of power headroom report based on waveform switching event.
· Details FFS.
· Option 3: Both Option 1 and Option 2.
· Details FFS.
· Option 4: No enhancement.

Conclusion
For PUSCH transmission scheduled by C-RNTI with DCI format 0_0, UE considers transform precoding enabled or disabled according to msg3-transformPrecoder as in legacy.


Agreement
Dynamic waveform switching is configured separately for each BWP, within PUSCH-Config.

Agreement
For UE configured with multi-PUSCH scheduling in time domain in a carrier (i.e. pusch-TimeDomainAllocationListForMultiPUSCH), DCI format 0_1 supports 1-bit field for dynamic waveform switching indication.
· When configured, 1-bit field indicates waveform for all scheduled PUSCH transmissions.


Agreement
For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, and useInterlacePUCCH-PUSCH is not configured, downselect between following options:
· Option 1 (configuration restriction with error case handling):
· UE does not expect resourceAllocation set to resourceAllocationType0.
· If DFT-S-OFDM is indicated and resourceAllocation set to dynamicSwitch, UE does not expect MSB of FDRA field set to 0. 

· Option 2 (UE only uses resourceAllocation if CP-OFDM is indicated):
· If DFT-S-OFDM is indicated, UE applies type 1 resource allocation.
· If CP-OFDM is indicated, UE applies resource allocation according to resourceAllocation IE.
· Size of FDRA field is aligned between size for type 1 resource allocation and size according to resourceAllocation IE.

Agreement
For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, downselect between following options:
· Option 1 (configuration restriction with error case handling):
· UE does not expect dmrs-Type to be set to type2.

· Option 2 (UE only uses dmrs-Type if CP-OFDM is indicated):
· If DFT-S-OFDM is indicated, UE applies DMRS type 1.
· If CP-OFDM is indicated, UE applies DMRS type according to dmrs-Type.

Agreement
For configuration of 1-bit dynamic waveform switching indication in DCI format 0_1/0_2 per a carrier, downselect between following options:
· Option 1: Separate configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.
· Option 2: Common configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.

RAN1#112
Agreement
For single TB scheduled by single DCI, support new 1-bit field for dynamic waveform indication from UL scheduling DCI.
Note: no change of the current size alignment procedure between UL DCI and DL DCI.


Conclusion
There is no consensus to support “Dynamic waveform switching to PUSCH transmissions with a Type 2 configured grant” in R18.

Agreement
Dynamic waveform switching in R18 is not applicable to PUSCH transmissions with a Type 1 configured grant.

Conclusion
The dynamic waveform indication in a DCI containing a dynamic uplink grant applies only to PUSCH transmission(s) corresponding to the dynamic uplink grant.

RAN1#111
Agreement
For DCI based solution, 
· For supported dynamically scheduled PUSCH, support dynamic waveform switching indication from UL scheduling DCI
Note: “Supported dynamically scheduled PUSCH” is to be confirmed in further discussion 
Note: It does not imply that the waveform switching indication applies to other transmission or not
· Indication from non-UL scheduling DCI is not supported.
Note: the working assumption made in RAN1#110b-e for “Support at least one of the following options for the dynamic waveform indication in R18” does not need to be confirmed

Working Assumption
[bookmark: _Hlk127399401]Support new 1-bit field for dynamic waveform indication from UL scheduling DCI
· Note: no change of the current size alignment procedure between UL DCI and DL DCI


Agreement
Study the necessity of the following potential enhancements to assist the scheduler in determining waveform switching:
· Reporting power headroom related information based on PCMAX,f,c applicable to a target waveform 
· Target waveform can be same or different from waveform of an actual PUSCH transmission
· FFS target RB allocation and/or target modulation order can be same or different from respective properties of an actual PUSCH transmission 
· FFS determination of target waveform, target RB allocation, target modulation order
· FFS details, e.g. report PCMAX,f,c or Type 1 power headroom for a waveform, or difference thereof between waveforms
· PHR triggering enhancements, e.g.
· Network-triggered PHR
· PH becomes lower (higher) than a threshold
· PHR triggered by waveform switching
· Reporting of recommended waveform or request to switch waveform
· Other solutions not precluded

RAN1#110bis-e
Agreement
Dynamic waveform switching enhancement in R18 is only applicable to PUSCH channel.

Working Assumption
Support at least one of the following options for the dynamic waveform indication in R18:
Alt 1: Indication from an UL scheduling DCI
· Alt 1-A: New field in scheduling DCI
· Alt 1-B: Reuse existing field in scheduling DCI
· Alt 1-B-1: Explicit indication by repurposing field, e.g.
· Add one column to TDRA table
· Add one column to MCS table(s)
· Other solutions not precluded
· Alt 1-B-2: Implicit determination from condition(s) on scheduling information, e.g.
· RA type, MSB of RA
· Number of RBs (below threshold or multiple of 2,3,5)
· Location of RB allocation within carrier and the associated MPR
· MCS below threshold
· Number of PUSCH repetitions (or whether PUSCH repetition is used) and/or TBoMS
· Number of DMRS CDM group(s) without data
· Precoding information and number of layers
· SRI
· Condition over multiple types of scheduling information
· Other types of scheduling information not precluded
· Indicated waveform applies at least to the scheduled PUSCH transmission
· FFS: Whether it also applies to subsequent transmissions, and of which type
· FFS: DCI formats can contain the indication 
· FFS: Indication applies only if condition(s) are satisfied (e.g. PDCCH occasion, /RNTI, /Search space of the scheduling DCI, latest PHR reported by the UE, etc.)
Alt 2: Indication from a non-UL scheduling DCI
· FFS: DCI formats that can provide the indication (e.g. Downlink DCI, UE-group common DCI)
· FFS: Types of subsequent transmissions to which indication is applicable

Agreement 
To study and if necessary, specify, enhancements to assist the scheduler in determining waveform switching, such as:
· Reporting power headroom related information 
· Other solutions are not precluded

Agreement
Dynamic waveform switching enhancement in R18 is applicable to PUSCH scheduled by DCI format 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1.
· Note: The above does not imply that dynamic switching enhancement in R18 is applicable or not applicable to other cases of PUSCH (e.g. PUSCH transmission with a Type 1 or Type 2 configured grant, PUSCH scheduled by DCI format 0_0).

R1-2210749	Summary #4 on dynamic switching between DFT-S-OFDM and CP-OFDM	Moderator (InterDigital, Inc.)
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