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[bookmark: _Ref54129494]Introduction
At RAN1#112[1], the following agreement was made on support of dynamic waveform switching for various PUSCH types:
	[bookmark: _Hlk134787348]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.



At RAN1#112bis-e[2], the following agreement was made on support aspects of dynamic waveform switching:
	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.




In this contribution, we analyse and discuss the support of dynamic waveform switching for PUSCH types that RAN1 has not yet reached consensus on: CG Type 2 PUSCH and Msg3 PUSCH.

[bookmark: _Hlk63428477]Dynamic Waveform Switching Enhancement for DG PUSCH
Since RAN#111, it was agreed to use an additional bit in the DCI that schedules a DG-PUSCH to indicate the waveform type that the UE should use for the DG-PUSCH.

Dynamic Waveform Switching Enhancement for CG PUSCH
Semi-static configuration of the UL waveform for configured grant in Rel17 is achieved via the transformPrecoding field of RRC ConfiguredGrantConfig IE. Semi-static configuration via RRC means that the UE is configured to use for example, DFT-S-OFDM for CG-PUSCH until further notice. The network could do this semi-static configuration when it decides that the UE is either in an UL coverage limited situation or out of UL coverage. Then based on this configuration, all Type 1 or Type 2 CG-PUSCH will be transmitted with a waveform commensurate with the setting for the transformPrecoding field of RRC ConfiguredGrantConfig IE. For even more dynamic waveform switching for CG-PUSCH, the solutions may be different for Type 1 and Type 2 CG. Consider a UE for which while in good coverage, CG is configured with CP-OFDM for a session of VoNR call for example. This semi-static configuration is done via the transformPrecoding field of RRC ConfiguredGrantConfig IE as described above. VoNR applications employ voice activity detection (VAD) in the voice coder leading to discontinuous transmission (DTX). By this, when the UE user is listening and not speaking, this is detected by the VAD and no voice data is transmitted in the UL over the duration of the silence interval. At such times, it would be useful to deactivate the UL CG to economise UL transmission resources. Then when the UE user starts to talk again, the VAD detects a new talk spurt, and the CG can be re-activated. Imagine that during a silence interval within the call session, the UE moves out of coverage. It would be useful if the waveform can be changed to DFT-s-OFDM when the CG is re-activated at the start of the next talk spurt so as to maximise good coverage probability.
As Type 1 CG does not involve an activation DCI, it is less suitable for such VoNR-type applications than Type 2 CG. Since Type 2 CG involves an activation DCI, this is preferable for use in such VoNR applications that employ VAD. Dynamic waveform switching can be achieved by explicit signaling in the activation DCI, i.e. using a new 1-bit field in the activation DCI.
Observation 1: For VoNR-type applications that employ VAD, CG Type 2 is more suitable than CG Type 1.
Proposal 1: RAN1 should adopt dynamic waveform switching for Type 2 CG-PUSCH and signal this via the activation.

Dynamic Waveform Switching Enhancement for Msg3
In discussions during previous meetings, RAN1 has not managed to reach a consensus on whether or not dynamic waveform switching should be supported for Msg3 PUSCH. At RAN1#112bis-e, many companies argued that dynamic waveform switching should be adopted for Msg3 PUSCH. Companies not supportive of this expressed the view that the benefits could be miniscule given that Msg3 can already have retransmission for coverage challenged UEs. Other non-supportive companies felt that the specification impact could be substantial especially in RRC-IDLE mode as it is required that the gNB should first know whether a UE is capable of dynamic waveform switching for Msg3 before this is signaled to the UE. To this argument, some supporting companies suggested that dynamic waveform switching for Msg3 should be applicable for RRC-IDLE mode only in those cases in which PRACH repetition (currently under discussion in RAN1) is adopted for Msg 1 transmission. 
Msg3 DWS for RRC-IDLE Mode UEs
For any UE in RRC-IDLE mode that needs to engage RACH coverage enhancement measures in order to reach the gNB, the network can surmise that enhanced coverage would also be needed for Msg3. 
Observation 2: Combining waveform switching with existing measures that enhance Msg3 coverage can have positive impact on Msg3 coverage. 
However, before the gNB can dynamically signal a UE to use a particular waveform (other than that indicated in the transformPrecoding field of SIB1 for Msg3, the gNB needs prior knowledge (such as from UE capability signaling) that the UE can support Msg3 dynamic waveform switching. In RRC-IDLE mode, UE capability is not yet transmitted to the network. At RAN1#112bis-e, a discussion took place in the case of UE multiple PRACH transmission capability signaling and two working assumptions were confirmed during the discussions on PRACH Coverage Extension. 
Agreement
Confirm the following working assumptions.
	Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, at least support that multiple PRACH are transmitted on separate ROs.
· Note: Separate RO means that the RO is separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.

Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, support that multiple PRACH are transmitted with separate preamble on shared ROs.
· Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.



From these confirmed working assumptions, the use of designated RACH resources (RO and/or preamble) for PRACH can indicate the UE multiple PRACH transmission capability to the gNB in RRC-IDLE mode. We surmise that Msg3 transmission will likely require coverage enhancement in any circumstances where Msg1 (PRACH) needs coverage enhancement. RAN1 can therefore limit dynamic waveform switching for Msg3 PUSCH to the RACH cases that utilize multiple PRACH transmission as the gNB would know after receiving the multiple PRACH transmission that the UE has the capability.
Observation 3: If Msg3 dynamic waveform switching is only applicable following multiple PRACH transmission of Msg1, then the two can use the same UE capability indicator mechanisms.
Proposal 2: RAN1 should allow RRC-IDLE mode dynamic waveform switching for Msg3 PUSCH only when multiple PRACH transmission is used for Msg1.
RAN1 can further allow a choice as to whether or not a UE that transmits Msg1 by multiple PRACH repetition may switch waveforms by signaling Msg3 waveform in the RAR. Based on the network’s determination that the UE requires enhanced coverage extension for Msg3, the network can signal for such a UE to use DFT-S-OFDM for Msg3 transmission in the RAR. Some ways in which this can be done are discussed here. Figure 1 shows the MAC RAR – section 6.2.3 of TS 38.321.
[image: ]
Figure 1: Structure of MAC Random Access Response
Dynamic waveform switching can be signaled using any of the reserved (R) bits of the RAR. As well as the first bit of the RAR which is currently reserved, there is also a ‘CSI request’ bit within the UL Grant field of the RAR see Figure (2):
[image: ]
Figure 2: UL grant field of RAR showing ‘CSI Request’ field

This bit is normally used to request an aperiodic CSI report in response to a CFRA PRACH. During RRC- IDLE mode only CBRA is used and so this bit is considered reserved and therefore can be available for use in signaling dynamic waveform switching for Msg3 in RRC-IDLE mode. The specification impact of either of these approaches is not so significant.
Proposal 3: RAN1 should consider using either of the reserved bits in RAR for signaling dynamic waveform switching for Msg3 in RRC-IDLE mode UEs.
Msg3 DWS for RRC-CONNECTED Mode UEs
For any UE in RRC-CONNECTED or RRC-INACTIVE mode that the network already knows is desiring enhanced UL coverage, the SIB1 transformPrecoding field can be overridden. Such an override could tell the UE to use DFT-S-OFDM for Msg3 when next it has to RACH. Various ways in which this can be done can be discussed.
Proposal 4: RAN1 should consider the following options for waveform configuration of Msg3 for RRC-CONNECTED and RRC-INACTIVE mode UEs:
· Option 1: MAC CE 
· Option 2: Signaling in the PDCCH order to RACH

Conclusions
We have discussed dynamic waveform switching for both dynamic and configured grant PUSCH and Msg3. We make the following proposals based on some relevant observations.
Observation 1: For VoNR-type applications that employ VAD, CG Type 2 is more suitable than CG Type 1.
Proposal 1: RAN1 should adopt dynamic waveform switching for Type 2 CG-PUSCH and signal this via the activation DCI.
Observation 2: Combining waveform switching with existing measures that enhance Msg3 coverage can have positive impact on Msg3 coverage. 
Observation 3: If Msg3 dynamic waveform switching is only applicable following multiple PRACH transmission of Msg1, then the two can use the same UE capability indicator mechanisms.
Proposal 2: RAN1 should allow RRC-IDLE mode dynamic waveform switching for Msg3 PUSCH only when multiple PRACH transmission is used for Msg1.
Proposal 3: RAN1 should consider using either of the reserved bits in RAR for signaling dynamic waveform switching for Msg3 PUSCH in RRC-IDLE mode UEs.
Proposal 4: RAN1 should consider the following options for waveform configuration of Msg3 PUSCH for RRC-CONNECTED and RRC-INACTIVE mode UEs:
· Option 1: MAC CE 
· Option 2: Signaling in the PDCCH order to RACH
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