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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. 

2 Discussion

In current NR specification, waveform switching information is passed to the UE via RRC signaling. Since the fading channel conditions are highly volatile for the cell-edge user equipment (UE), it is desired to have fast waveform switching of such UE based on the rank of the channel. When the UE supports single rank transmission, DFT-S-OFDM waveform is selected, whereas for multi-rank transmission, CP-OFDM is selected. To have this selection mechanism faster than RRC, two possible proposal are made in this contribution as follows.

Considering the dependency of PDCCH payload size on whether transform precoding is enabled or not in RRC, a simpler solution is to perform dynamic switching of OFDM and DFT-S-OFDM is through MAC-CE. The MAC-CE based switching can be signaled to the UE in a semi-static fashion based on gNodeB’s decision to switch the waveform. The MAC-CE based switching can further be considered to be valid until a new MAC-CE switching signal is sent by the gNodeB. 

Application of the waveform to all the PUSCH grants following can be considered after an interval of K slots either from the slot with the PDSCH carrying the MAC-CE or following the PUCCH acknowledging successful reception of the PDSCH carrying the MAC-CE, where K is RRC configured.     
 
Proposal 1: Consider MAC-CE based waveform switching to support semi-static switching between OFDM and DFT-S-OFDM.

When the UE is moving from cell-edge to cell-center or vice versa, the fading channel conditions are dynamic every slot. In this scenario waveform switching between DFT-S-OFDM and CP-OFDM is optimal to be performed over ever PUSCH grant. For this dynamic mode of switching, DCI based waveform switching is suitable for enabling a UE with the appropriate waveform.

Considering the dependency of PDCCH payload size on whether transform precoding is enabled or not in RRC, for the UE to infer the waveform switching by mean of DCI has to happen in an implicit manner. This can be achieved by allowing the UE to perform blind decoding over both the hypothesis. This can be achieved by having a dedicated RNTI or DCI format for each waveform. One more solution is to allow UE to perform blind decoding of both the payload sizes corresponding to transform precoding enabled and disabled. By allowing one of these methods, on successful decoding of the DCI, UE can infer the waveform corresponding the PUSCH grant scheduled by the PDCCH.

Application of the waveform to the PUSCH grant scheduled by the PDSCH can be considered after an interval of K slots from the slot with the PDCCH carrying the PUSCH grant where K is RRC configured.     

Proposal 2: Consider DCI based waveform switching to support dynamic switching between OFDM and DFT-S-OFDM.
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