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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 R1-111
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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
In the previous meeting we agreed to specify DWS for DG-PUSCH scheduled by DCI Format 0_1 or 0_2. It was further discussed whether DWS should be enabled for DG-PUSCH scheduled by DCI Format 0_0 or not, but no agreements were made regarding this. DCI Format 0_0 serves as the fallback DCI and any dynamic behaviour associated with this format is certainly not desirable. Further, its best to avoid any change to this format’s size to accommodate DWS. The agreement to introduce an explicit bit to indicate the selected waveform in the scheduling DCI pretty much rules out its applicability to DCI Format 0_0. An alternative mechanism in parallel to the agreed mechanism is not desirable. Hence, we make the following proposal:

Proposal 1: DWS is not applicable to DG-PUSCH triggered by DCI Format 0_0. 
DWS for CG-PUSCH
On the applicability of DWS for CG-PUSCH, we first note the following points:
· A UE may be configured with up to 12 configured grants (limited by maxNrOfConfiguredGrantConfig-r16) per BWP. Both Type 1 and Type 2 configurations are included, and each configuration is given a unique index given by ConfiguredGrantConfigIndex-r16.Activation or deactivation of a Type 2 configured grant references this index.

· For each of the configuredGrantConfigs provided to a UE, the gNB is allowed to independently determine whether transform precoding is enabled or not. Thus, there can be a subset of configuredGrantConfigs where transformPrecoding is enabled, and another subset where it is not enabled. 

· For Type 1 CG-PUSCH, the UE is provided information on number of RBs, precoder, and number of layers via RRC. Some of these parameters may be fundamentally incompatible with a DFT-S-OFDM waveform.
Given that a UE can be provided with up to 12 different grants, with the flexibility to independently configure the waveform for each of the grants, we do not see a strong need to extend DWS to configured grants.  Further Type 1 CG-PUSCH poses additional challenges as switching waveforms also entails changing other transmission parameters provided via RRC. For these reasons, we make the following proposal:
Proposal 2: DWS is not applicable to Type 1 CG-PUSCH. 
The presence of up to 12 configured grants diminishes any strong motivation to extend DWS to Type 2 CG-PUSCH.  The gNB has full flexibility to activate/release configured grants based on the transmission requirements and this provides an opportunity to switch waveforms as well. Having said this, since the signaling mechanism introduces an explicit bit for DWS, we think it might be straightforward to extend this bit to CG-PUSCH as well and embed it as part of the activating DCI. then we are open to extending support for Type 2 CG-PUSCH as well. We make the following proposal in this regard:
Proposal 3: If dynamic waveform switching is to be supported for Type 2 CG-PUSCH, introduce an explicit bit in the activating DCI to indicate the waveform type to be used by the UE. 
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 4: DWS is not applicable to Msg3 PUSCH transmission and retransmission.
Switching Mechanism
In the last meeting it was agreed that an explicit bit would be included as part of UL scheduling DCI to indicate the waveform type to be used by the UE. One remaining aspect of this signalling mechanism is to determine whether this signalling is “sticky” and applies to subsequent PUSCH transmissions or whether such a signalling is to be applied to only the set of transmissions triggered by the scheduling DCI. This can also be phrased as a choice between persistent and non-persistent switching.
Persistent vs. Non-persistent switching
A DCI-based approach to realize persistent waveform switching could potentially be error-prone as the UE may miss the DCI. UE and gNB will no longer be in sync in such a scenario, and it may take a while to recover from this. Further, if a one-time “sticky” signalling mechanism was the preferred solution, a MAC-CE based solution would have been the natural choice. However, since the current agreement requires us to use the scheduling DCI, it is preferred to adopt a non-persistent switching behaviour. Although a practical use case to switch waveforms back and forth is not envisioned, the above guidance is driven by the overall robustness of the operation. 
Proposal 5: A dynamic waveform switching indication received via an uplink scheduling DCI is not applied to subsequent transmissions not triggered by the scheduling DCI. 
DCI Size determination
Assuming the scheduling DCI is used to indicate the waveform type to be used by a UE, the DCI contents are to be sized so that the UE can be indicated either the CP-OFDM or the DFT-S-OFDM waveform. To accommodate parameters tailored to either waveform, we make the following proposal to determine the DCI size:
Proposal 6: When dynamic waveform signalling is enabled, for bitfields whose bit width currently depends on the configured waveform type via the transformPrecoder parameter in RRC, the bit width is set to be the larger of the two values that results when transformPrecoder is enabled or disabled. The interpretation of the bitfield is dependent on the signalled waveform. 
PHR Enhancements for Aiding Dynamic Waveform Switching
In the last 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. 
Currently a UE triggers a PHR based on periodic timer or prohibit timer expiring, pathloss changing by a certain value, etc. To this list, 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. These trigger conditions can be viewed by the gNB as a subtle indication from the UE to consider switching the waveform. 
Proposal 7: Timely information regarding dynamic waveform switching is provided to a scheduler by introducing new trigger conditions to report power headroom. 
· Allow a UE to trigger a PHR whenever power headroom falls below a certain threshold and another waveform with better headroom is available. 
The second line of enhancements that might be worth considering is to make changes to the reporting structure and modify it appropriately so that the report carries the desired information for both waveforms. 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. 
Proposal 8: Enhance the existing PHR structure to allow a UE to report Pcmax and power headroom for each waveform. A reference PUSCH is assumed for the waveform not currently in use. The RB allocation and modulation order are assumed to be the same as the current waveform. Allow MPR, A-MPR, and P-MPR to be taken into account when computing the power headroom. 
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 DG-PUSCH triggered by DCI Format 0_0. 
Proposal 2: DWS is not applicable to Type 1 CG-PUSCH. 
Proposal 3: If dynamic waveform switching is to be supported for Type 2 CG-PUSCH, introduce an explicit bit in the activating DCI to indicate the waveform type to be used by the UE. 
Proposal 4: DWS is not applicable to Msg3 PUSCH transmission and retransmission.
Proposal 5: A dynamic waveform switching indication received via an uplink scheduling DCI is not applied to subsequent transmissions not triggered by the scheduling DCI. 
Proposal 6: When dynamic waveform signalling is enabled, for bitfields whose bit width currently depends on the configured waveform type via the transformPrecoder parameter in RRC, the bit width is set to be the larger of the two values that results when transformPrecoder is enabled or disabled. The interpretation of the bitfield is dependent on the signalled waveform. 
Proposal 7: Timely information regarding dynamic waveform switching is provided to a scheduler by introducing new trigger conditions to report power headroom. 
· Allow a UE to trigger a PHR whenever power headroom falls below a certain threshold and another waveform with better headroom is available. 
Proposal 8: Enhance the existing PHR structure to allow a UE to report Pcmax and power headroom for each waveform. A reference PUSCH is assumed for the waveform not currently in use. The RB allocation and modulation order are assumed to be the same as the current waveform. Allow MPR, A-MPR, and P-MPR to be taken into account when computing the power headroom. 
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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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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  
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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




