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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 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.
Agreement
For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, and useInterlacePUCCH-PUSCH is not configured, downselect between following options:
· Option 1 (configuration restriction with error case handling):
· UE does not expect resourceAllocation set to resourceAllocationType0.
· If DFT-S-OFDM is indicated and resourceAllocation set to dynamicSwitch, UE does not expect MSB of FDRA field set to 0. 
· Option 2 (UE only uses resourceAllocation if CP-OFDM is indicated):
· If DFT-S-OFDM is indicated, UE applies type 1 resource allocation.
· If CP-OFDM is indicated, UE applies resource allocation according to resourceAllocation IE.
· Size of FDRA field is aligned between size for type 1 resource allocation and size according to resourceAllocation IE.
Agreement
For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, downselect between following options:
· Option 1 (configuration restriction with error case handling):
· UE does not expect dmrs-Type to be set to type2.
· Option 2 (UE only uses dmrs-Type if CP-OFDM is indicated):
· If DFT-S-OFDM is indicated, UE applies DMRS type 1.
· If CP-OFDM is indicated, UE applies DMRS type according to dmrs-Type.
Agreement
For configuration of 1-bit dynamic waveform switching indication in DCI format 0_1/0_2 per a carrier, downselect between following options:
· Option 1: Separate configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.
· Option 2: Common configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.


In this contribution, we share the view on Dynamic switching between DFT-S-OFDM and CP-OFDM for Rel-18 coverage enhancement.
Discussions
DCI field size interpretation
In RAN1#112bis-e, there were some discussions on the interpretation of DCI field size and followings were agreed for down-selection [1]:
	[bookmark: _Hlk134214254]Agreement
For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, and useInterlacePUCCH-PUSCH is not configured, downselect between following options:
· Option 1 (configuration restriction with error case handling):
· UE does not expect resourceAllocation set to resourceAllocationType0.
· If DFT-S-OFDM is indicated and resourceAllocation set to dynamicSwitch, UE does not expect MSB of FDRA field set to 0. 
· Option 2 (UE only uses resourceAllocation if CP-OFDM is indicated):
· If DFT-S-OFDM is indicated, UE applies type 1 resource allocation.
· If CP-OFDM is indicated, UE applies resource allocation according to resourceAllocation IE.
· Size of FDRA field is aligned between size for type 1 resource allocation and size according to resourceAllocation IE.
Agreement
For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, downselect between following options:
· Option 1 (configuration restriction with error case handling):
· UE does not expect dmrs-Type to be set to type2.
· Option 2 (UE only uses dmrs-Type if CP-OFDM is indicated):
· If DFT-S-OFDM is indicated, UE applies DMRS type 1.
· If CP-OFDM is indicated, UE applies DMRS type according to dmrs-Type.


In current specification 38.212 [2], the size of FDRA field is determined based on ‘resourceAllocation’ ({resourceAllocationType0, resourceAllocationType1, dynamicSwitch}) which is configured by ‘PUSCH-Config’ or ‘ConfiguredGrantConfig’. 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


In our view, regarding the two options agreed in RAN1#112bis-e, the option 1 follows interpretation 1 and the option 2 follows interpretation 2 and main differences can be summarized as following table:
	
	Option 1
	Option 2

	Impact on legacy UE
	No
	No

	Configuration flexibility for CP-OFDM
	Restricted
{resourceAllocationType1, dynamicSwitch}
	Flexible
{resourceAllocationType0, resourceAllocationType1, dynamicSwitch}

	Field size after per-field alignment
	CP: RA type 0 (dynamicSwitch)
DFT-S-: RA type 1 (dynamicSwitch)
 bits
CP: RA type 1 (resourceAllocationType1)
DFT-S-: RA type 1 (resourceAllocationType1)

bits
	CP: RA type 0 (resourceAllocationType0)
DFT-S-: RA type 1
 bits
CP: RA type 1 (resourceAllocationType1), 
DFT-S-: RA type 1 

bits

	Implementation simplicity for DFT-S-OFDM
	Complicated
Both resourceAllocationType1 and dynamicSwitch needs to be covered for DFT-S-OFDM 
	Simple
dynamicSwitch is not used for DFT-S-OFDM

	Spec impact
	Error case needs to be clarified
	Separation between RRC parameter and DFT-S-OFDM need to be introduced


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.
In Option 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. With such restriction, when resource allocation type 0 is configured for CP-OFDM, the size of FDRA size will be based on ‘dynamicSwitch’ which is larger than ‘resourceAllocationType0’. It means unnecessary overhead for FDRA field is required in option 1. Moreover, a UE is required to determine the FDRA field size based on ‘resourceAllocation’ even for DFT-S-OFDM case. 
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) 
From specification effort perspective, we don’t find much difference between two options. Therefore, our preference is kioption 2.
Proposal 1: ‘resourceAllocation’ is applied only for CP-OFDM, and resource allocation scheme type 1 should be applied for DFT-S-OFDM.
Regarding antenna port field, appliance of parameter dmrs-Type is more critical since the DMRS type 2 is only applicable for CP-OFDM. If the dmrs-Type is common parameter for two waveforms in DWS case, there is no way to configure the DMRS type 2 by dmrs-Type. Considering the configuration flexibility, dmrs-Type is applied only for CP-OFDM, and DMRS type 1 should be always applied for DFT-S-OFDM
Proposal 2: ‘dmrs-Type’ is applied only for CP-OFDM, and DMRS type 1 should be applied for DFT-S-OFDM.
Applicability to Msg3 PUSCH
In RAN1#112bis-e, the applicability of DWS to Msg3 PUSCH was discussed and the following FL proposed conclusion was considered [3].
	[bookmark: _Hlk134217437]FL proposed conclusion 1-2r2: For PUSCH transmission scheduled by RAR or TC-RNTI with DCI format 0_0, UE considers transform precoding enabled or disabled according to msg3-transformPrecoder as in legacy.
· The above conclusion can be re-visited only for the case of UE supporting/using multiple PRACH transmissions.


As same as the case of DCI format 0_0 with C-RNTI, we believe DWS for Msg3 PUSCH is not necessary. One discussion point is whether the linkage between multiple PRACH transmissions and waveform for Msg3 PUSCH (i.e. DFT-S-OFDM) can be applied or not. 
Firstly, the waveform of Msg3 PUSCH should not be liked with Msg1 but should be linked with Msg3 PUSCH itself. 
Secondly, as shown in figure 1, CP-OFDM should be applied as default waveform for Msg3 (i.e. msg3-transformPrecoder is absent) only for a cell when all UEs can be expected to be available for CP-OFDM such as small cell. For the cell which may include a UE with DFT-S-OFDM, The default waveform for Msg3 should be DFT-S-OFDM (i.e. msg3-transformPrecoder is ‘enabled’). There is no necessity to have enhancement to perform waveform separation in a cell for Msg3 PUSCH.
[image: ]
Figure 1. Example of msg3-tranformPrecoder configuration
Proposal 3: For PUSCH transmission scheduled by RAR or TC-RNTI with DCI format 0_0, UE considers transform precoding enabled or disabled according to msg3-transformPrecoder as in legacy.
· The above applies irrespective of support/use of multiple PRACH transmissions
Assistance information for switching waveform
In RAN1#112bis-e, there are mainly two directions of PHR enhancement for dynamic waveform switching case (i.e. pre-switching and post-switching) was discussed, and following was agreed [1]. 
	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.


In our understanding, option 1 is a proactive approach by informing PHR information before waveform switching. A typical use case of dynamic waveform switching is to keep the connection even when the pathloss rapidly increases due to e.g., entering a coverage hole. In such case, as the dynamic waveform switching is triggered by the gNB, it is likely to change not only but also other parameters to maintain the UL connection. Those parameters may affect PCMAX after the switching actual values are likely to be different from the ones for PHR calculation. Therefore, it is not clear how additional PHR before the switching helps the gNB to determine an appropriate parameter sets after the switching.
On the other hand, option 2 is a reactive approach by informing PHR information immediately after wave form switching. This PHR indication is used for fast recovery. In other words, it does not help the gNB to derive an appropriate parameter sets immediately after the switching anyway. In addition, PHR reporting needs to be done with using the parameters which are not suitable for DFT-S-OFDM waveform.
As described above, it is not fully clear to me how Option 1 or Option 2 would improve the efficiency of dynamic wave form switching operation. We suggest having more technical discussions before down-selection.
Observation 1: It is not fully clear how Option 1 or Option 2 would improve the efficiency of dynamic wave form switching operation
Conclusion
In this contribution, we have the following observation and proposal:
Proposal 1: ‘resourceAllocation’ is applied only for CP-OFDM, and resource allocation scheme type 1 should be applied for DFT-S-OFDM
Proposal 2: ‘dmrs-Type’ is applied only for CP-OFDM, and DMRS type 1 should be applied for DFT-S-OFDM.
Proposal 3: For PUSCH transmission scheduled by RAR or TC-RNTI with DCI format 0_0, UE considers transform precoding enabled or disabled according to msg3-transformPrecoder as in legacy.
Observation 1: It is not fully clear how Option 1 or Option 2 would improve the efficiency of dynamic wave form switching operation
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