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Introduction
In RAN1#112bis-e, the following agreements were made for 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.
1. 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:
1. Option 1: Reporting of power headroom information for a reference PUSCH using target waveform different from waveform of actual PUSCH.
0. Details FFS.
0. Note: reporting PH information for both waveforms is not precluded.
0. Note: additional trigger for PH for reference PUSCH is not precluded.
1. Option 2: New trigger of power headroom report based on waveform switching event.
1. Details FFS.
1. Option 3: Both Option 1 and Option 2.
2. Details FFS.
1. 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.
1. 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:
1. Option 1 (configuration restriction with error case handling):
1. UE does not expect resourceAllocation set to resourceAllocationType0.
1. If DFT-S-OFDM is indicated and resourceAllocation set to dynamicSwitch, UE does not expect MSB of FDRA field set to 0. 

1. Option 2 (UE only uses resourceAllocation if CP-OFDM is indicated):
1. If DFT-S-OFDM is indicated, UE applies type 1 resource allocation.
1. If CP-OFDM is indicated, UE applies resource allocation according to resourceAllocation IE.
1. 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:
1. Option 1 (configuration restriction with error case handling):
1. UE does not expect dmrs-Type to be set to type2.

1. Option 2 (UE only uses dmrs-Type if CP-OFDM is indicated):
1. If DFT-S-OFDM is indicated, UE applies DMRS type 1.
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:
1. 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 the contribution we discuss our views on dyanmic waveform switching for further NR uplink coverage enhancements. 
Discussion
[bookmark: _Hlk118460272]Application scenarios/formats for switching
In terms of application for waveform switching, current RRC parameters can be used to switch UE between DFT-S-OFDM and CP-OFDM. 
· pusch-config
· transformPrecoder in configuredGrantConfig IE
· msg3-transformPrecoder
· msgA-transformPrecoder

The first parameter in the list configures dynamic uplink grants whereas the second parameter configures uplink configured grants. The third and the fourth RRC parameters above configure PUSCH for RACH procedure. The benefit for dynamic waveform switching for msg3 or for msgA is not clear. The new functionality can be limited to dynamic PUSCH grants only. 

As for the DCI formats that support dynamic waveform switching, it was agreed in RAN1-110b-e that at least DCI format 0_1 and format 0_2 are supported. In RAN1-112bis-e, it was agreed that dynamic waveform switching is not supported for PUSCH transmission scheduled by C-RNTI with DCI format 0_0. In our view, the benefit of supporting fallback DCI for Msg3 scheduling is also not clear.  

We propose the following for DCI scheduling Msg3:
Proposal 1: Do not support dynamic waveform switching for DCI format 0_0 that schedules Msg3. 

Handling of FDRA type and DMRS type
In RAN1-112bis-e meeting, the following agreements were made on FDRA type and DMRS type handling when dynamic waveform switching is configured: 
	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:
1. Option 1 (configuration restriction with error case handling):
1. UE does not expect resourceAllocation set to resourceAllocationType0.
1. If DFT-S-OFDM is indicated and resourceAllocation set to dynamicSwitch, UE does not expect MSB of FDRA field set to 0. 

1. Option 2 (UE only uses resourceAllocation if CP-OFDM is indicated):
1. If DFT-S-OFDM is indicated, UE applies type 1 resource allocation.
1. If CP-OFDM is indicated, UE applies resource allocation according to resourceAllocation IE.
1. 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:
1. Option 1 (configuration restriction with error case handling):
1. UE does not expect dmrs-Type to be set to type2.

1. Option 2 (UE only uses dmrs-Type if CP-OFDM is indicated):
1. If DFT-S-OFDM is indicated, UE applies DMRS type 1.
1. If CP-OFDM is indicated, UE applies DMRS type according to dmrs-Type.



In our view, Option-1 is a more straightforward approach and more compatible with legacy configurations. If Option-1 is adopted, the selected FDRA or DMRS type will follow what is defined by the RRC parameter. Otherwise, it is an error case. 

We propose the following:

Proposal 2: For handling of FDRA type, Option-1 (configuration restriction with error case handling) is supported.
Proposal 3: For handling of DMRS type, Option-1 (configuration restriction with error case handling) is supported.

PHR enhancements to support dynamic waveform switching 
In last RAN1-112bis-e meeting, the following agreement was made for potential PHR enhancements to assist dynamic waveform switching:

	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.



Providing additional assistance information to gNB can help make better waveform switching decisions. Such PHR reporting enhancements as listed above can potentially offer some gain. However, such enhancements will also introduce additional signalling overhead. How much gain is expected by providing such additional PHR information needs to be quantified to better understand the benefits. 
We suggest that the study on such assistance information should continue to determine potential gains. We propose the following: 

Proposal 4: Option-4 no enhancement is preferred unless potential performance gains by PHR enhancements are shown and justified against extra signalling overhead. 

RRC parameters to configure DWS
In RAN1-bis-e, there were discussions on whether waveform switching indication is configurable separately for DCI 0_1 and 0_2 or not. The following proposal was discussed:

	FL proposal 4-2: For configuration of 1-bit dynamic waveform switching indication in DCI format 0_1/0_2, downselect between following options:
1. Option 1: Separate configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.
1. Option 2: Common configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.




Based on the proposal above, both options would work fine. In our view, the dynamic waveform switching feature is intended for UEs who experience coverage shortage intermittently. We don’t see as much benefit of waveform switching when UE is positioned at the cell edge with very limited coverage since DFT-S-OFDM will likely be configured semi-statically for PUSCH. Likewise, when UE is in good coverage, only CP-OFDM is likely to be configured for PUSCH semi-statically. The benefit of dynamic waveform switching becomes prominent in a cell based on UE mobility and position. Based on that, a single configuration seems sufficient for both DCI formats as the desired waveform configuration depends on UE position and coverage conditions experienced by the UE. 

We propose the following: 

Proposal 5: Common configuration for DCI 0_1 and DCI 0_2 is preferred (Option-2). 

Conclusions

We have the following proposals:
Proposal 1: Do not support dynamic waveform switching for DCI format 0_0 that schedules Msg3. 
Proposal 2: For handling of FDRA type, Option-1 (configuration restriction with error case handling) is supported.
Proposal 3: For handling of DMRS type, Option-1 (configuration restriction with error case handling) is supported.
Proposal 4: Option-4 no enhancement is preferred unless potential performance gains by PHR enhancements are shown and justified against extra signalling overhead. 
Proposal 5: Common configuration for DCI 0_1 and DCI 0_2 is preferred (Option-2). 
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