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This document discusses aspects related to dynamic waveform switching (DWS) between CP-OFDM and DFT-S-OFDM. In the previous RAN1 meetings, the following agreements were made on this topic: 
	Agreements made in R1-112bis-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.


Agreements made in R1-112
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.

Agreements made in R1-111
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	Agreements made in R1-110bis
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In the following sections we discuss our views on the use cases and applicability of dynamic waveform switching, the signalling mechanism to enable DWS, and potential PHR enhancements that may be useful to facilitate DWS. 
Applicability of Dynamic Waveform Switching
Dynamic waveform switching for Msg3:
In the current specification, Msg3 waveform is determined by msg3-transformPrecoder. Some companies propose to also enable DWS for Msg3. Setting aside questions on the necessity/motivation, we are concerned that enabling this feature would require some indication of UE capability to support this feature. Early indication of a UE’s capability when it is not yet in connected state entails significant amount of work and it is probably best to avoid this in the absence of a strong motivation. Further, since Msg3 repetitions are now specified and latency is not a major concern, there is less motivation to introduce dynamic waveform shaping for Msg3. Finally, even if such a mechanism is introduced for Msg3, gNB may not be in a position to make an informed decision on when to switch from CP-OFDM to DFT-S-OFDM as its not aware of the additional power that a UE is able to deliver for DFT-S-OFDM. 
Proposal 1: DWS is not applicable to Msg3 PUSCH transmission and retransmission.
DWS for multiple carriers in uplink:
DWS can be enabled for multiple carriers in uplink --- no significant challenges are anticipated. However, for any two carriers that belong to the same band, when DWS is enabled and simultaneous transmission from the two carriers is signalled, the indicated waveform must be the same across these carriers. Such a restriction is not necessary for inter-band operations. We make the following proposal:
Proposal 2: DWS can be simultaneously enabled for multiple carriers in uplink. For any two carriers that belong to the same band, when DWS is enabled and when uplink scheduling would result in simultaneous transmissions across the two carriers, the transmit waveforms are assumed to be the same between the two carriers. 
Switching Mechanism
For RRC configuration of DWS, following the precedent of other features that can be enabled or disabled per DCI format, it is suggested that a similara approach be adopted for DWS.
Proposal 3: Dynamic waveform switching is separately configured for DCI format 0_1 and DCI format 0_2.
BWP Switching:
When UE is asked to switch from one BWP with DWS disabled to another BWP where DWS is enabled, The current specification requires that the DCI formats for the two BWPs be aligned on a per-field basis. This procedure lines up with the procedure to reuse per-field alignment for DWS. Thus, no further changes are required to handle BWP switching.

	Snippet from 38.213:
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Proposal 4: No new procedures are introduced to handle BWP switching when DWS is enabled in at least one of the BWPs. 
PHR Enhancements for Aiding Dynamic Waveform Switching
In a previous meeting, it was agreed to study potential enhancements to power headroom reporting to aid dynamic waveform switching. The goal of this objective is to aid the gNB to decide when to trigger a waveform switch based on how much additional power a UE can deliver using DFT-S-OFDM compared to CP-OFDM. There are two potential directions for enhancements that one could consider. The first is focused on trigger conditions that initiate the UE to report power headroom and the second is on the reporting structure itself. 
Before we proceed, a fundamental question that needs to be addressed is whether the decision to switch waveforms is actually a decision to switch rank. In particular, its most likely that a gNB requests a UE to switch from rank-2 CP-OFDM waveform to rank-1 DFT-S-OFDM waveform and vice-versa. This would mean that the decision to switch waveforms is coupled to rank selection. Clarity on whether this is indeed the case in commercial networks will be crucial to determine whether any PHR enhancements are required. 
Setting aside the rank selection issue, any assistance information provided by the UE must be timely and help a gNB make the switch from CP-OFDM to DFT-s-OFDM at the right time. Currently a UE triggers a PHR based on periodic timer or prohibit timer expiring, pathloss changing by a certain value, etc. None of the existing triggers are tailored to provide timely information. Note that typical PHR periodicity in commercial deployments in 200 ms and its not clear if this periodicity suffices to provide timely information. It might be worthwhile to consider adding trigger conditions that get activated anytime a UE may be getting close to its maximum power, i.e., power headroom level falls below a threshold.
An alternate approach to providing timely information could be to trigger a PHR anytime waveform type is changed compared to previous transmission. For example, a gNB may provide the UE with two back-to-back grants, one with CP-OFDM and another with DFT-s-OFDM and infer what works better. gNB may be able to infer the quality of PUSCH (uplink SNR) from the DMRS it receives. Additionally, the UE can also be required to send a PHR anytime a waveform switch is detected (can be coupled with the prohibit timer to prevent frequent PHRs).
Depending on the trigger conditions that are agreed, one can then examine whether changes to the reporting structure is warranted. If no new triggers are added, its not clear whether changes to the reporting framework are meaningful.
Currently a UE reports power headroom and maximum power (Pcmax) associated with a waveform. A possible option is to modify the current reporting framework to let the UE report two sets of values for power headroom and Pcmax assuming the same underlying transmission parameters. A reference PUSCH will then need to be assumed for the other waveform. 
Based on these discussions, we make the following proposal:
Proposal 5: Potential PHR enhancements to facilitate DWS are based on the following principles:
· RAN1 to study:
· whether the decision to switch waveforms is coupled to rank selection. If rank selection implicitly determines the waveform for a cell-edge UE, then PHR enhancements for DWS may not be appropriate.
· whether gNBs can infer the PH difference between the two waveforms based on PUSCH DMRS.
· If PHR enhancements are required, it should be focused on providing timely information to a scheduler. For e.g., new trigger conditions to allow a UE to transmit PHR whenever power headroom falls below a certain threshold and another waveform with better headroom is available.
· If information related to both waveforms is conveyed via a single PHR, a reference PUSCH is assumed for the waveform not currently in use. The RB allocation, modulation order, and rank are assumed to be the same as the current waveform. MPR, A-MPR, and P-MPR are considered when computing the power headroom. FFS: conditions under which a dual-waveform PHR is triggered, for e.g., only for single rank, QPSK modulation, etc.
Conclusion 
We make the following observations and proposals for dynamic switching between CP-OFDM and DFT-S-OFDM.

Proposal 1: DWS is not applicable to Msg3 PUSCH transmission and retransmission.
Proposal 2: DWS can be simultaneously enabled for multiple carriers in uplink. For any two carriers that belong to the same band, when DWS is enabled and when uplink scheduling would result in simultaneous transmissions across the two carriers, the transmit waveforms are assumed to be the same between the two carriers. 
Proposal 3: Dynamic waveform switching is separately configured for DCI format 0_1 and DCI format 0_2.
Proposal 4: No new procedures are introduced to handle BWP switching when DWS is enabled in at least one of the BWPs. 
Proposal 5: Potential PHR enhancements to facilitate DWS are based on the following principles:
· RAN1 to study:
· whether the decision to switch waveforms is coupled to rank selection. If rank selection implicitly determines the waveform for a cell-edge UE, then PHR enhancements for DWS may not be appropriate.
· whether gNBs can infer the PH difference between the two waveforms based on PUSCH DMRS.
· If PHR enhancements are required, it should be focused on providing timely information to a scheduler. For e.g., new trigger conditions to allow a UE to transmit PHR whenever power headroom falls below a certain threshold and another waveform with better headroom is available.
· If information related to both waveforms is conveyed via a single PHR, a reference PUSCH is assumed for the waveform not currently in use. The RB allocation, modulation order, and rank are assumed to be the same as the current waveform. MPR, A-MPR, and P-MPR are considered when computing the power headroom. FFS: conditions under which a dual-waveform PHR is triggered, for e.g., only for single rank, QPSK modulation, etc.
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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

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-RNTL 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).
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If a bandwidth part indicator field is configured in a DCI format. the bandwidth part indicator field value indicates the
active DL BWP, from the configured DL BWP set. for DL receptions as described in [5. TS 38.212]. If a bandwidth
part indicator field is configured in a DCI format. the bandwidth part indicator field value indicates the active UL BWP.
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from the configured UL BWP set, for UL transmissions as described in [5. TS 38.212]. If a bandwidth part indicator
field is configured in a DCI format and indicates an UL BWP or a DL BWP different from the active UL BWP or DL
BWP. respectively. the UE shall

- for each information field in the DCT format

- if the size of the information field is smaller than the one required for the DCI format interpretation for the
‘UL BWP or DL BWP that is indicated by the bandwidth part indicator. the UE prepends zeros to the
information field until its size is the one required for the interpretation of the information field for the UL
BWP or DL BWP prior to interpreting the DCI format information fields. respectively

- if the size of the information field is larger than the one required for the DCI format interpretation for the UL
BWP or DL BWP that is indicated by the bandwidth part indicator. the UE uses a number of least significant
bits of the DCI format equal to the one required for the UL BWP or DL BWP indicated by bandwidth part
indicator prior to interpreting the DCI format information fields. respectively

- set the active UL BWP or DL BWP to the UL BWP or DL BWP indicated by the bandwidth part indicator in the
DCT format
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Agreement   For DCI based solution,    •   For  supp orted  dynamically scheduled PUSCH,  s upport  dynamic waveform   swi tching  indication from UL scheduling  DCI   Note:  “ S upp orted  dynamically scheduled PUSCH ”   is  to be  co n firmed in f urther  discus sion     N o te:  I t doe s not imply that  the wave form  swit ching  indication  applies   to  other t r ansmission  or not   •   Indicat ion from non - UL  scheduling DCI   is not supported.   N ote : the working assum ptio n  made in RAN1#110b - e  for  “ Support   at least one of the following op tions fo r the dynamic  waveform indication in R18 ”   d oes  not  need  to be  confirmed     Working Assump tion   Suppor t new 1 - bit field for d ynamic waveform indication from UL scheduling DCI   -   Note: no change of the  current size alignmen t procedure between UL DCI and DL   DCI  


image2.emf
A g reement   Study  the necessity  of the following  p otential  enhancements to assist the scheduler in de termining waveform swit ching:   -   Reporting power headroom related information based on P CMAX,f,c   applicable to a target  waveform    o   Target waveform   can be  same or  different from  waveform   of an actual PUSCH transmission   o   FFS  target RB allocation and/or target mod ulation order can be  sa me or  different from respective  properties of an actual PUSCH transmission    o   FFS determination  of target waveform, target RB al l ocation, target modulation order   o   FFS details, e.g. report P CMAX,f,c   or Type 1 power headroom for a wavefor m, or difference thereo f  between waveforms   -   PHR triggering enhancements, e.g.   o   Network - triggered PHR   o   PH becomes lower ( higher) than a threshold   o   PH R   trig gered by waveform switching   -   Reporting of recommended waveform or request to switch waveform   -   Other solution s not precluded  
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Dynamic waveform switching enhancement in R18 is only applicable to PUSCH channel.

Support at least one of the following options for the dynamic waveform indication in R18:
Alt 1: Indication from an UL scheduling DCI
- Alt1-A: New field in scheduling DCI

- Al

: Reuse existing field in scheduling DCI

o 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

o 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
o 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, /RNTL, /Search space of the
scheduling DCL, 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




