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[bookmark: _Ref513464071]Introduction
RAN approved a WI on further coverage enhancements for NR [1]. The WI includes the following objective:
· Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)
The WI also includes corresponding justification point:
· DFT-S-OFDM waveform is beneficial for UL coverage limited scenario because of its lower PAPR compared with CP-OFDM waveform. Currently, UL waveform is configured via RRC and this limitation imposes a large barrier to switch over to DFT-S-OFDM waveform for cell-edge UEs practically.
This contribution discusses what enhancements should be specified to support this functionality.
Transform precoding for PUSCH in R17
Enabling/disabling transform precoding
DFT-S-OFDM means that transform precoding is enabled for a transmission. In R17, RRC configures transform precoding for a PUSCH transmission using the following IEs (38.214, section 6.1.3):
· msg3-transformPrecoder, applicable to msg3 and its retransmissions, dynamic grant received in DCI format 0_0;
· msgA-TransformPrecoder, applicable to msgA;
· transformPrecoder in PUSCH-Config, applicable to dynamic grant or semi-persistent CSI on PUSCH received/activated in a DCI format other than 0_0;
· transformPrecoder in configuredGrantConfig, applicable to configured grants.
In case the network does not provide msgA-TransformPrecoder, transformPrecoder in PUSCH-Config or configuredGrantConfig for the applicable transmission, the UE follows configuration from msg3-transformPrecoder.
Configuration of MCS table
RRC configures the MCS table using the following IEs:
· mcs-TableTransformPrecoder and mcs-Table in configuredGrantConfig for MCS table applicable to a configured grant with transform decoding enabled or disabled, respectively;
· mcs-TableTransformPrecoder and mcs-Table in PUSCH-Config for MCS table applicable to a dynamic grant scheduled by DCI format 0_0 or 0_1 with transform decoding enabled or disabled, respectively;
· mcs-TableTransformPrecoderDCI-0-2 and mcs-TableDCI-0-2 in PUSCH-Config for MCS table applicable to a dynamic grant scheduled by DCI format 0_2 with transform decoding enabled or disabled, respectively;

Configuration of DM-RS and PT-RS
· RRC configures DM-RS applicable to transform precoding enabled or disabled using IEs transformPrecodingEnabled and transformPrecodingDisabled respectively within DMRS-UplinkConfig.
· RRC configures PT-RS applicable to transform precoding enabled or disabled using IEs transformPrecodingEnabled and transformPrecodingDisabled respectively within PTRS-UplinkConfig.

Applicability of dynamic waveform indication
The objective of the WI does not state for which cases dynamic switching is to be supported. The following cases can be discussed:
PUSCH scheduled by dynamic grant
At a minimum, dynamic waveform switching should be supported for dynamic grants indicated by non-fallback formats, i.e. DCI format 0_1 and 0_2. However, it may not be essential to support the feature for DCI format 0_0.
Proposal 1: Support dynamic waveform switching at least for dynamic grant scheduled by DCI formats 0_1/0_2. 
PUSCH with configured grant
Configured grant type 2 already supports dynamic adaptation of grant parameters since the grant can be re-initialized by a DCI containing activation command. It is therefore natural that dynamic waveform switching is also supported for this case. The justification for configured grant type 1 is less clear since by nature this type of grant is not designed for dynamic adaptation.
Proposal 2: Support dynamic waveform indication in activation of configured grant type 2.
Msg3/msgA PUSCH and retransmissions
In R17, the waveform applicable to msg3 PUSCH (msgA PUSCH) is configured by msg3-transformPrecoder (msgA-transformPrecoder) respectively. At least for msg3, dynamic waveform indication following similar principles as for msg3 repetitions could provide more flexibility to the network.
Proposal 3: Consider supporting dynamic waveform indication for (re-)transmission of msg3 PUSCH.
PUSCH repetitions
PUSCH repetitions is an important technique to support operation in extended coverage areas. In R17, PUSCH repetition type A is enhanced with higher maximum number of repetitions and available slot counting. These enhancements mean that the total duration of a repetition bundle can become significant. If radio conditions degrade significantly during a repetition bundle, it could become interesting to have the possibility to switch to the more power efficient waveform (DFTS-OFDM) before the end of the repetitions. On the other hand, supporting this type of operation would entail additional complexity and it could be questioned if scheduling PUSCH with a large number of repetitions and the less power-efficient waveform (OFDM) is a practical scenario.
Proposal 4: RAN1 to decide whether to support change of waveform within a set of PUSCH repetitions.
Indication of dynamic waveform switching
Several options for dynamic waveform switching were discussed already in R15 [2]. Two main possibilities are indication by MAC CE or indication by DCI. 
The benefits of MAC CE are that it does not increase DCI overhead or decrease scheduler flexibility and it would enable switching for additional cases such as configured grant type 1 or switching during repetitions. 
The benefits of DCI indication are that it minimizes latency of switching and eliminates risk of mis-alignment between UE and network.
At least for dynamic grant and configured grant type 2, indication by DCI seems a more straightforward solution compared to MAC CE and could be a good starting point for both dynamic grant and configured grant type 2.
[bookmark: _Hlk115442652]Proposal 5: Support waveform indication in scheduling DCI for dynamic grant.
Proposal 6: Support waveform indication in activation DCI for configured grant type 2.
For indication in DCI, multiple options could be considered:
1) Additional field
2) New RNTI
3) Overload existing field (e.g. MCS, TDRA, FDRA)
4) Based on DCI format/size (e.g. 0_1 for one CP-OFDM, 0_2 for DFTS-OFDM)
5) Coreset/search space
The above options are regularly identified whenever a new functionality requiring dynamic indication needs to be supported. Option 1 slightly increases DCI overhead which should preferably be avoided in coverage-limited conditions. Option 2 would require introducing multiple RNTI’s to support configured grant, multiple MCS tables, semi-persistent CSI on PUSCH. It does not appear as an attractive solution. Options 3, 4, 5 reduce scheduler flexibility to various degrees. Multiple DCI formats are configured to e.g. support different types of service and it is not obviously related to waveform. Indication by Coreset or search space also restricts scheduler flexibility and particularly so in coverage-limited scenarios when the aggregation level tends to be higher. In the case of Option 3, the reduction of scheduler flexibility could be more reasonable depending on which field is overloaded. For example, overloading the MCS field could be acceptable considering that the highest MCS’s may be less likely to be used in coverage-limited conditions when DFTS-OFDM becomes attractive. Overloading TDRA field can also be acceptable since this field also controls the number of repetitions. In addition, in case dynamic indication for msg3 is supported, there is no possibility to add a field and overloading existing field would therefore be required for that case.
Proposal 7: For waveform indication by DCI, select between (1) New field and (2) Overload existing field (e.g. MCS or TDRA).
Power headroom reporting enhancement
Dynamic waveform indication provides benefit by allowing the network to make the change of waveform at the right moment. For this functionality to be fully enabled, the network also needs to have information to determine when the change is warranted. Power headroom reporting, which informs the network on how close the UE is to applying power scaling with current transmission, can be an important tool to achieve this.
[bookmark: _Hlk115442544]However, R17 power headroom reporting is limited in that it only allows reporting for the current (RRC-configured) waveform. The network does not get information on the change of PHR (due to change of Pcmax) that would occur if the UE transmitted PUSCH using the other waveform. The network can of course attempt to estimate it, but the actual value would depend on implementation aspects that can only be accurately determined by the UE. Therefore, supporting power headroom reporting for PUSCH transmission using alternate (not currently used) waveform seems to be a useful enhancement for dynamic waveform switching.
Proposal 8: Support reporting of power headroom calculated using assumption of waveform different than the waveform of actual PUSCH transmission.
Conclusion
This contribution discussed what enhancements should be specified to support dynamic switching between DFT-S-OFDM and CP-OFDM, and proposed the following:
Proposal 1: Support dynamic waveform switching at least for dynamic grant scheduled by DCI formats 0_1/0_2. 
Proposal 2: Support dynamic waveform indication in activation of configured grant type 2.
Proposal 3: Consider supporting dynamic waveform indication for (re-)transmission of msg3 PUSCH.
Proposal 4: RAN1 to decide whether to support change of waveform within a set of PUSCH repetitions.
Proposal 5: Support waveform indication in scheduling DCI for dynamic grant.
Proposal 6: Support waveform indication in activation DCI for configured grant type 2.
Proposal 7: For waveform indication by DCI, select between (1) New field and (2) Overload existing field (e.g. MCS or TDRA).
Proposal 8: Support reporting of power headroom calculated using assumption of waveform different than the waveform of actual PUSCH transmission.
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