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1. Introduction
Two UL waveforms, DFT-S-OFDM and CP-OFDM, have been supported in NR since Rel-15. Thanks to its low PAPR property, DFT-S-OFDM has lower maximum UE output power reduction (MPR) and is considered as a method to improve UL coverage. As is agreed in further NR coverage enhancement work item[1], coverage enhancements include: 
· Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)
[bookmark: _Hlk146205458][bookmark: OLE_LINK8]Based on the Rel-18 CR [2], in this contribution, we discuss issues, including the impact of UL CA on dynamic waveform switching, and application of dynamic waveform switching to DCI for CS-RNTI and MCE, and provide text proposals.
2. Discussion
2.1 [bookmark: _Toc142569438][bookmark: _Toc142658236][bookmark: _Toc142569439][bookmark: _Toc142658237][bookmark: _Toc142569440][bookmark: _Toc142658238][bookmark: _Toc142569441][bookmark: _Toc142658239][bookmark: _Toc142569442][bookmark: _Toc142658240][bookmark: _Toc142569443][bookmark: _Toc142658241][bookmark: _Toc142569444][bookmark: _Toc142658242][bookmark: _Toc142569445][bookmark: _Toc142658243][bookmark: _Toc142569446][bookmark: _Toc142658244][bookmark: _Toc142569447][bookmark: _Toc142658245][bookmark: _Toc142569448][bookmark: _Toc142658246][bookmark: _Toc142569449][bookmark: _Toc142658247][bookmark: _Toc142569450][bookmark: _Toc142658248][bookmark: _Toc142569451][bookmark: _Toc142658249][bookmark: _Toc142569452][bookmark: _Toc142658250][bookmark: _Toc142569453][bookmark: _Toc142658251][bookmark: _Toc142569454][bookmark: _Toc142658252][bookmark: _Toc142569455][bookmark: _Toc142658253][bookmark: _Toc142569456][bookmark: _Toc142658254][bookmark: _Toc142569457][bookmark: _Toc142658255][bookmark: _Toc142569458][bookmark: _Toc142658256][bookmark: _Toc142569459][bookmark: _Toc142658257][bookmark: _Toc142569460][bookmark: _Toc142658258][bookmark: _Toc127532703][bookmark: _Toc127532747][bookmark: _Toc127533421][bookmark: _Toc127532705][bookmark: _Toc127532749][bookmark: _Toc127533423][bookmark: _Toc134697838][bookmark: _Toc135039636][bookmark: _Toc134697839][bookmark: _Toc135039637][bookmark: _Toc134697840][bookmark: _Toc135039638][bookmark: _Toc127532609][bookmark: _Toc127532714][bookmark: _Toc127532755][bookmark: _Toc127533429][bookmark: _Toc127532427][bookmark: _Toc127532611][bookmark: _Toc127532820][bookmark: _Toc127532846]Impact of UL CA on dynamic waveform switching
[bookmark: _Toc142569466][bookmark: _Toc142658272][bookmark: _Toc142658285][bookmark: _Toc142569470][bookmark: _Toc142658276][bookmark: _Toc142658289][bookmark: _Toc142569471][bookmark: _Toc142658277][bookmark: _Toc142658290][bookmark: _Toc142569472][bookmark: _Toc142658278][bookmark: _Toc142658291][bookmark: _Toc131766969]Reason for change in TS 38.213 v18.0.0
Although dynamic waveform switching from CP-OFDM to DFT-S-OFDM can lead to higher PUSCH transmission, this may be undermined by simultaneous transmissions, even those with the same priority order of transmission power allocation. According to 38.213, when configured with UL CA, a UE may reduce transmission power of a physical channel/signal in a carrier according to a priority order, so that total UE transmit power on serving cells in a frequency range would not exceed its PCMAX. If PUSCH transmission in an UL coverage limited carrier and an UL transmission in another UL carrier are simultaneous and of the same priority order in terms of transmission power allocation, the increased transmission power caused by waveform switching would be shared between these carriers, and the UE transmission power in the concerned carrier would be much smaller than what gNB expects from waveform switching.
Summary of change in TS 38.213 v18.0.0
Among the transmissions of the same priority order, prioritize PUSCH with dynamic waveform switching from CP-OFDM to DFT-S-OFDM in UE power allocation.
	7.5	Prioritizations for transmission power reductions







For single cell operation with two uplink carriers or for operation with carrier aggregation, if a total UE transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective transmission occasion  would exceed , where  is the linear value of  in transmission occasion  as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS38.101-2] for FR2, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to  for that frequency range in every symbol of transmission occasion . 
[omitted]
-	PRACH transmission on the PCell
-	PUCCH transmission with HARQ-ACK information and/or SR or PUSCH transmission with HARQ-ACK information
-	PUCCH transmission with CSI or PUSCH transmission with CSI
-	PUSCH transmission without HARQ-ACK information or CSI
-	SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the PCell 
In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell. In case of same priority order and for operation with two UL carriers, the UE prioritizes power allocation for transmissions on the carrier where the UE is configured to transmit PUCCH. If PUCCH is not configured for any of the two UL carriers, the UE prioritizes power allocation for transmissions on the non-supplementary UL carrier. In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for a PUSCH transmission in a carrier scheduled by a DCI, which indicates transform precoding enabled, where the DCI scheduling the previous PUSCH transmission in the carrier indicates transform precoding not enabled.


Consequences if not approved
UL coverage enhancement by dynamic waveform switching is undermined, because increased transmission power caused by waveform switching would be shared with simultaneous transmissions, even if they are of the same priority order.
Proposal 1 [bookmark: _Toc146811925][bookmark: _Toc146811896][bookmark: _Toc146811926][bookmark: _Toc146811913][bookmark: _Toc146811943][bookmark: _Toc146811944][bookmark: _Toc142569474][bookmark: _Toc142658280][bookmark: _Toc142658293]Among the transmissions of the same priority order, prioritize PUSCH with dynamic waveform switching from CP-OFDM to DFT-S-OFDM in UE power allocation.
2.2 Application of dynamic waveform switching to DCI for CS-RNTI
Reason for change in TS 38.212 v18.0.0
CR [2] removed the support of dynamic waveform switching in a DCI with CRC scrambled by CS-RNTI due to no consensus in limited time. This is against the agreement made in RAN1#110bis.
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).
Presence of the DCI field of Transform precoder indicator in DCI format 0_1 or 0_2 with CRC scrambled with CS-RNTI, is independent from the value of NDI. DCI payload size is used for a UE to detect the PDCCH, which happens before UE parses DCI fields. When the UE parses the DCI fields, the Transform precoder indicator field is valid when NDI=1 and reserved, namely ignored, when NDI=0.
Summary of change in TS 38.212 v18.0.0
Add CS-RNTI as one candidate RNTI for the DCI field of Transform precoder indicator. The bit is reserved, if NDI=0.
	7.3.1.1.2	Format 0_1
DCI format 0_1 is used for the scheduling of one or multiple PUSCH in one cell, or indicating CG downlink feedback information (CG-DFI) to a UE. 
The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by C-RNTI or CS-RNTI or SP-CSI-RNTI or MCS-C-RNTI:
[omitted]
-	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
[bookmark: _Toc129874528][bookmark: _Toc51852446][bookmark: _Toc45209272][bookmark: _Toc36046355][bookmark: _Toc36046209][bookmark: _Toc36045949][bookmark: _Toc29327759][bookmark: _Toc29326609]7.3.1.1.3	Format 0_2
DCI format 0_2 is used for the scheduling of PUSCH in one cell. 
The following information is transmitted by means of the DCI format 0_2 with CRC scrambled by C-RNTI or CS-RNTI or SP-CSI-RNTI or MCS-C-RNTI:
[omitted]
-	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_1 with CRC scrambled by SP-CSI-RNTI, the bit is reserved.  
-	0 bit otherwise


Consequences if not approved
Dynamic waveform switching is not supported for PUSCH scheduled by scheduled by DCI format 0_1 or 0_2 in PDCCH with CRC scrambled with CS-RNTI with NDI=1.
Proposal 2 [bookmark: _Toc146811945]Add CS-RNTI as one candidate RNTI for the DCI field of Transform precoder indicator. The bit is reserved, if NDI=0.

2.3 Application of dynamic waveform switching to MCE
2.3.1 [bookmark: OLE_LINK6]DMRS sequence initialization in DCI format 0_3
Reason for change in TS 38.212 v18.0.0
In CR for Rel-18 MCE WI [3], DCI field of DMRS sequence initialization is specified for DCI format 0_3 as “This field is applied to all the scheduled cells indicated by Scheduled cells indicator field”, which implies that CP-OFDM is configured for all these cells and therefore imposes an unnecessary scheduling restriction. Moreover, it can’t work with dynamic waveform switching, where DFT-S-OFDM may be dynamically indicated for one or more of the scheduled cells.  
Summary of change in TS 38.212 v18.0.0
DCI field of DMRS sequence initialization in DCI format 0_3 only applies to cells which are semi-statically or dynamically configured with CP-OFDM.
	[bookmark: _Hlk146746639]7.3.1.1.4	Format 0_3
DCI format 0_3 is used for the scheduling of one PUSCH in one cell, or multiple PUSCHs in multiple cells with one PUSCH per cell.
The following information is transmitted by means of the DCI format 0_3 with CRC scrambled by C-RNTI or MCS-C-RNTI:
[omitted]
· DMRS sequence initialization – 1 bit. This field is applied to all the scheduled cells for which transform precoding is not enabled indicated by Scheduled cells indicator field or Frequency domain resource assignment field independently.


[bookmark: _Toc142658260]Consequences if not approved
DMRS sequence initialization field in DCI 0_3 applying to all the scheduled cells mandates CP-OFDM is configured for all scheduled cells and prevents the use of dynamic waveform switching in one or more of the scheduled cells.
Proposal 3 [bookmark: _Toc146811946]DCI field of DMRS sequence initialization in DCI format 0_3 only applies to cells which are semi-statically or dynamically configured with CP-OFDM.
2.3.2 Transform Precoder Indicator in DCI format 0_3
Reason for change in TS 38.212 v18.0.0
The DCI field, Transform Precoder Indicator, is missing in DCI format 0_3.
An agreement in RAN1#112bis-e allows dynamic waveform switching to be configured separately for each BWP, within PUSCH-Config. Similarly, dynamic waveform switching can be separately configured for each of the scheduled cells. In other words, the feature may not be enabled for all scheduled cells.
Among the scheduled cell, where dynamic waveform switching is configured, it is open whether different waveforms can be dynamically indicated for these cells. If yes, the field of Transform precoder indicator in DCI format 0_3 would consist of separate waveform indications for the scheduled cells configured with dynamic waveform switching. Otherwise, a single common field would suffice.
[bookmark: _Toc142658262][bookmark: _Toc142658263][bookmark: _Toc142658264][bookmark: _Toc142658265][bookmark: _Toc142658266][bookmark: _Toc142658267][bookmark: _Toc142658268]Summary of change in TS 38.212 v18.0.0
Add the field Transform precoder indicator in DCI format 0_3.
	7.3.1.1.4	Format 0_3
DCI format 0_3 is used for the scheduling of one PUSCH in one cell, or multiple PUSCHs in multiple cells with one PUSCH per cell.
The following information is transmitted by means of the DCI format 0_3 with CRC scrambled by C-RNTI or MCS-C-RNTI:
[omitted]
-	Transform precoder indicator – 0 or 1 bit
[bookmark: _Hlk146796143]-	1 bit if the higher layer parameter dynamicTransformPrecoderIndicationDCI-0-3 is configured to 'enabled ' for at least one cell in the scheduled cell set, where the bit value of 0 indicates that transform precoder is enabled and the bit value of 1 indicates that transform precoder is disabled. This field is applied to all the scheduled cells indicated by Scheduled cells indicator field or Frequency domain resource assignment field and for which the dynamicTransformPrecoderIndicationDCI-0-3 is configured to ‘enabled’
-	0 bit otherwise.


Consequences if not approved
Dynamic waveform switching is not supported for DCI format 0_3.
Proposal 4 [bookmark: _Toc146811947]Add the field Transform precoder indicator in DCI format 0_3.
3. Summary
In this contribution, we have discussed issues, including the impact of UL CA on dynamic waveform switching, and application of dynamic waveform switching to DCI for CS-RNTI and MCE, and provide text proposals.
[bookmark: OLE_LINK3]Based on the discussion in the previous sections we propose the following:
Proposal 1	Among the transmissions of the same priority order, prioritize PUSCH with dynamic waveform switching from CP-OFDM to DFT-S-OFDM in UE power allocation.
Proposal 2	Add CS-RNTI as one candidate RNTI for the DCI field of Transform precoder indicator. The bit is reserved, if NDI=0.
Proposal 3	DCI field of DMRS sequence initialization in DCI format 0_3 only applies to cells which are semi-statically or dynamically configured with CP-OFDM.
Proposal 4	Add the field Transform precoder indicator in DCI format 0_3.
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