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Introduction
[bookmark: _Hlk101443289][bookmark: OLE_LINK1]In RAN1#111, the following agreements and working assumptions were made [1].
	[bookmark: _Hlk83924038]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.


In this contribution, we share the view on Dynamic switching between DFT-S-OFDM and CP-OFDM for Rel-18 coverage enhancement.
Discussions
DCI size alignment between CP-OFDM and DFT-S-OFDM
In RAN1#112, the discussion for DCI size alignment was held and feature lead has summarized the candidate options as following:
	FL proposal 2-4r2: 
RAN1 to select one of the following Options for DCI size alignment when DWS indication is configured in DCI format 0_1 or 0_2:
Option 1: Per-format alignment
· Step 1: Determine field sizes of DCI addressed to C-RNTI based on the waveform indicated by DWS field. 
· Step 2: If DCI is addressed to CS-RNTI, align field sizes to that of DCI addressed to C-RNTI based on the waveform indicated by DWS field using the existing C-RNTI/CS-RNTI alignment clause.
· Select between:
· Alt. A:
· By specification, at least one field preceding NDI has size that depends on waveform (e.g. FDRA).
· Note: This implies DWS field must be decoded before finding position of NDI field.
· Note: This implies DWS field must be positioned before the first field that depends on waveform.
· Impact on procedure for PDCCH validation of CG type 2: if DWS field value does not match waveform RRC-configured in ConfiguredGrantConfig for the CG, and NDI=0, it is an error case.
· Alt. B: 
· By specification, no field preceding NDI has size that depends on waveform.
· Note: It seems that it is currently the case for DCI format 0_1/0_2 in R17 (may need further checking)
· Note: This means DWS field does not need to be decoded before finding position of NDI field.
· Note: This means DWS field can be positioned after NDI, but before the first field that depends on waveform.
· No impact on procedure for PDCCH validation of CG type 2. UE can ignore value of DWS field in the validation.
· Step 3: Apply padding at the end of the DCI, if necessary, to match the size of the largest DCI size between (DWS=CP-OFDM) and (DWS=DFT-S-OFDM).
Option 2: Per-field alignment
· Step 1: For C-RNTI, apply padding to each field, if necessary, to match the size of the largest field size between (DWS=CP-OFDM) and (DWS=DFT-S-OFDM).
· Step 2: If DCI is addressed to CS-RNTI, align field sizes to those of C-RNTI according to existing alignment clause between CS-RNTI and C-RNTI.
· Note: DWS field does not need to be decoded before finding position of NDI field or any other field.
· Note: No constraint on position of DWS field in DCI (but positioning before any field that has waveform-dependent interpretation may help implementation).
Option 3: Per-field alignment only for fields preceding NDI field
· Step 1: For fields preceding NDI, apply per-field alignment as per Steps 1 and 2 of Option 2.
· Note: This means DWS field does not need to be decoded before finding position of NDI field.
· Step 2: For fields following NDI, determine field sizes based on DWS as per Steps 1 and 2 of Option 1.
· Step 3: Apply padding at the end of the DCI, if necessary, to match the size of the largest DCI size between (DWS=CP-OFDM) and (DWS=DFT-S-OFDM).
· Note: Option 3 has same features as Option1/Alt-B with respect to impact on PDCCH validation and positioning of DWS field. In case all fields preceding NDI are guaranteed to have size independent of waveform by specification, Option 3 may not be relevant.
Option 4: Per-field alignment only for DCI addressed to CS-RNTI
· For DCI addressed to C-RNTI:
· Step 1: Determine size of fields based on DWS indication.
· Note: This implies DWS field must be positioned before the first field that depends on waveform.
· Step 2: Apply padding at the end of the DCI, if necessary, to match the size of the largest DCI size between (DWS=CP-OFDM) and (DWS=DFT-S-OFDM).
· For DCI addressed to CS-RNTI:
· Apply padding to each field, if necessary, to match the size of the corresponding field for the DCI addressed to C-RNTI and (DWS=CP-OFDM).
· Note: This means DWS field does not need to be decoded before finding position of NDI field in the case of CS-RNTI.
· [bookmark: _Hlk131172020]Note: Field introduced in future specs needs to have size for CP-OFDM at least equal to size for DFT-S-OFDM, or otherwise cannot be used for CS-RNTI and NDI=1. 



Size of FDRA field
Before considering between listed options, one issue regarding frequency domain resource allocation (FDRA) field should be clarified.
In current specification 38.212, the size of FDRA field is determined based on ‘resourceAllocation’ ({resourceAllocationType0, resourceAllocationType1, dynamicSwitch}) which is configured by ‘PUSCH-Config’ or ‘ConfiguredGrantConfig’. 
Observation 1: In current specification, the size of FDRA field is determined based on ‘resourceAllocation’.
On the other hand, in 38.214, uplink resource allocation scheme type 0 is not supported for DFT-S-OFDM. From these two specifications, it is clear that the size of FDRA field for DFT-S-OFDM case is always based on uplink resource allocation scheme type 1. However, there may be two interpretations as following:
	FDRA size determination in current specifications
- Interpretation 1: FDRA field size determination based on ‘resourceAllocation’ is applicable irrespective configured waveforms and ‘resourceAllocation’ is always set to ‘resourceAllocationType1’ for DFT-S-OFDM case
- Interpretation 2: FDRA field size determination based on ‘resourceAllocation’ is only applicable for CP-OFDM case, and FDRA field size for DFT-S-OFDM is based on uplink resource allocation scheme type 1



There is not much difference between two interpretations for the case that the waveform is semi-statically configured, since ‘resourceAllocation’ is also semi-statically configured as same as the waveform. However, for dynamic waveform switching, the difference between two interpretations will be critical.
If following interpretation 1, the semi-static parameter ‘resourceAllocation’ will be a common parameter for both CP-OFDM and DFT-S-OFDM. This means semi-static configuration of uplink resource allocation scheme type 0 for CP-OFDM is not allowed and ‘resourceAllocation’ can be configured to only either of ‘resourceAllocationType1’ and ‘dynamicSwitch’ to cover the case to dynamically switch to DFT-S-OFDM. It requires unnecessary overhead for FDRA field in some cases and the UE is required to determine the FDRA field size based on ‘resourceAllocation’ even for DFT-S-OFDM case. If following this principle, the size of FDRA field does not depend on the waveform. 
On the other hand, if following interpretation 2, there is no difference with legacy procedure. (i.e. FDRA field size is determined based on ‘resourceAllocation’ for CP-OFDM case, and based on uplink resource allocation scheme type 1 for DFT-S-OFDM case) In this case, the size of FDRA field (before field size alignment) depends on the waveform.
Comparing these two interpretations, we would like to clarify that, interpretation 2 should be applied at least for dynamic waveform switching case.
Proposal 1: For the determination of FDRA field size in dynamic waveform switching case, it should be clarified whether ‘resourceAllocation’ configured by ‘PUSCH-Config’ or ‘ConfiguredGrantConfig’ is applied for both waveforms or only for CP-OFDM.
Proposal 2: At least for the determination of FDRA field size, ‘resourceAllocation’ configured by ‘PUSCH-Config’ or ‘ConfiguredGrantConfig’ is applied only for CP-OFDM, and the field size of resource allocation scheme type 1 should be applied for DFT-S-OFDM
· The size of FDRA field (before field size alignment) depends on the indicated waveform
Position of NDI field
For the case of CG type 2, finding position of NDI field should be carefully considered. As same as legacy procedure, fixing the position of NDI field irrespective of the value of NDI field and irrespective of indicated waveform (i.e. DWS field) is preferrable. Therefore, at least for the field (including FDRA field) preceding NDI field, per-field size alignment should be supported.
Proposal 3: The start position of NDI field should be fixed irrespective of the value of DWS field
Proposal 4: At least, per-field size alignment for the fields preceding NDI field is supported.
Comparison of options for DCI size alignment
Based on our preference above, candidate options for DCI size alignment are option 2, option 3 and option 4. The different between these options are basically the number of zero padding bits. For current specification, there is no case that the field size for CP-OFDM can be smaller than the size for DFT-S-OFDM. For that case, there is no difference on total number of zero padding bits between all options. Even considering the field introduced in future specs (i.e. possibility that the field size for CP-OFDM can be smaller than the size for DFT-S-OFDM), additional number of bits for zero padding in the DCI format 0_1 does not lead to actual overhead increase in most cases. Link adaptation of PDCCH is based on the aggregation level selection. A typical payload size of DCI format 0_1 is more than 40 bits. With this range of payload size, even if 1 bit is added, the network may not need to select higher aggregation levels to satisfy a target error rate in most cases. In addition, even with additional zero padding is included, the typical payload size of DCI format 0_1 is still smaller than a typical payload size of DCI format 1_1. Therefore, the number of zero padding does not cause actual overhead increase.
Observation 2: If each field in DCI for CP-OFDM is always equal to or larger than that for DFT-S-OFDM, there is no difference on overhead (i.e. number of padding bits) between all options.
· even considering the field introduced in future specs, the impact on the number of zero padding is marginal.
Regarding option 4, limitation of the flexibility of field size introduced in future release is not preferrable. Between option 2 and option 3, we don’t feel much difference, but slight preference on option 2 for the simplicity. 
Proposal 5: Per-field alignment is applied between two waveforms for DCI formats with C-RNTI.
Applicability to DCI format 0_0
As agreed in RAN1#111, a new 1bit field for dynamic waveform indication is introduced. However, in order to ensure the existing fallback operation, the size of DCI format 0_0 has to remain unchanged from the legacy. Therefore, it cannot have the new 1-bit field. Considering the standardization efforts and timeline, it should be avoided to introduce different solutions for different DCI formats to support dynamic switching. Therefore, it is proposed that PUSCH scheduled/activated by DCI format 0_0 does not support dynamic waveform indication.
Observation 3: DCI format 0_0 cannot have the new 1-bit field for dynamic waveform indication.
Proposal 6: PUSCH scheduled/activated by DCI format 0_0 does not support dynamic waveform indication.
Conclusion
In this contribution, we have the following observation and proposal:
Proposal 1: For the determination of FDRA field size in dynamic waveform switching case, it should be clarified whether ‘resourceAllocation’ configured by ‘PUSCH-Config’ or ‘ConfiguredGrantConfig’ is applied for both waveforms or only for CP-OFDM.
Proposal 2: At least for the determination of FDRA field size, ‘resourceAllocation’ configured by ‘PUSCH-Config’ or ‘ConfiguredGrantConfig’ is applied only for CP-OFDM, and the field size of resource allocation scheme type 1 should be applied for DFT-S-OFDM
· The size of FDRA field (before field size alignment) depends on the indicated waveform
Proposal 3: The start position of NDI field should be fixed irrespective of the value of DWS field
Proposal 4: At least, per-field size alignment for the fields preceding NDI field is supported.
Observation 2: If each field in DCI for CP-OFDM is always equal to or larger than that for DFT-S-OFDM, there is no difference on overhead (i.e. number of padding bits) between all options.
· even considering the field introduced in future specs, the impact on the number of zero padding is marginal.
Proposal 5: Per-field alignment is applied between two waveforms for DCI formats with C-RNTI.
Observation 3: DCI format 0_0 cannot have the new 1-bit field for dynamic waveform indication.
Proposal 6: PUSCH scheduled/activated by DCI format 0_0 does not support dynamic waveform indication.
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