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1 [bookmark: _xl2dgc5pmumw]Introduction
According to Work Item Description RP-220937 on Further NR coverage enhancements the following is the scope of the agenda.

 (
Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)
)

Transform precoding of waveform is used in new radio (NR) to switch to a low peak to average power ratio (PAPR) waveform when the user equipment (UE) is at the cell-edge region having a weak channel supporting single layer transmission and requires more power to reach the connected gNodeB. In the current 3GPP specification, this is achieved by enabling transform precoding (TP) through Radio Resource Control (RRC) signaling to switch the PUSCH waveform from CP-OFDM to DFT-S-OFDM for cell-edge UEs and disabling TP for cell centre UEs. However, there are cell-edge UEs whose channel supports multi-layer transmissions occasionally. Since a UE with TP enabled is allowed to have only single rank PUSCH transmission, for multi-rank transmission, the UE is expected to switch to CP-OFDM by disabling TP using RRC. However, the switching speed of this control is inadequate for a UE to adapt effectively with the fading channel. Hence a faster than RRC switching method is imperative for efficient utilization of the air interface resources. 

The following agreement has been made on Dynamic Waveform Switching in the email discussion in RAN1 #110-bis-e. [110bis-e-R18-Coverage-03]


	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






2 Discussion

2.1 Implicit Indication

Considering the dependency of the PDCCH payload size on whether transform precoding is enabled or not in RRC, for the UE to infer the waveform switching by means of DCI has to happen in an implicit manner. But defining proper condition under which waveform switching can happen is up to the scheduler and trying to define the conditions in the specification will impose a lot of constraints on the scheduling decisions. 
     
Also down selecting from options listed under Alt-1-B-2 will be difficult considering the merits and demerits of each scheme.

Proposal 1: Define proper metric to down select the sub-bullets in Alt-1-B-2. 

2.2 Indication from a non-UL scheduling DCI
 
If the UE channel conditions are not dynamic to change the waveform every scheduling DCI, we can consider indication of waveform switching through a non-UL scheduling DCI and keep the waveform applicable over a window. This will have very less specification impact and doesn’t alter the current Rel17 procedures.


     
Proposal 2: Consider Alt-2 based waveform switching with a window for the validity of the waveform.
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