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Introduction
In RAN1#111, the following agreements were made for dynamic waveform switching:
	Agreement
For DCI based solution, 
· For supported dynamically scheduled PUSCH, support dynamic waveform switching indication from UL scheduling DCI
Note: “Supported dynamically scheduled PUSCH” is to be confirmed in further discussion 
Note: It does not imply that the waveform switching indication applies to other transmission or not
· Indication from non-UL scheduling DCI is not supported.
Note: the working assumption made in RAN1#110b-e for “Support at least one of the following options for the dynamic waveform indication in R18” does not need to be confirmed

Working Assumption
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

Agreement
Study the necessity of the following potential enhancements to assist the scheduler in determining waveform switching:
· Reporting power headroom related information based on PCMAX,f,c applicable to a target waveform 
· Target waveform can be same or different from waveform of an actual PUSCH transmission
· FFS target RB allocation and/or target modulation order can be same or different from respective properties of an actual PUSCH transmission 
· FFS determination of target waveform, target RB allocation, target modulation order
· FFS details, e.g. report PCMAX,f,c or Type 1 power headroom for a waveform, or difference thereof between waveforms
· PHR triggering enhancements, e.g.
· Network-triggered PHR
· PH becomes lower (higher) than a threshold
· PHR triggered by waveform switching
· Reporting of recommended waveform or request to switch waveform
Other solutions not precluded



In the contribution we discuss our views on this dyanmic switching for further NR uplink coverage enhancements. 
Discussion
Waveform switching between DFT-S-OFDM and CP-OFDM is only possible via RRC signaling currently. CP-OFDM is advantageous as it supports multi-rank uplink transmission, while DFT-S-OFDM is preferable for coverage limited scenarios due to DFT-S-OFDM’s lower PAPR characteristics.
Dynamic switching between DFT-S-OFDM and CP-OFDM can allow faster switching time than RRC, and can give the network an easier method to help UE to use the suitable waveform. 
For such dynamic swithcing mechanism, following different approaches can be considered:
· In one approach, a straightforward DCI signaling can indicate the UE which waveform to use.
· In another approach, similar straightforward approach can be signaled via MAC-CE. 
· Another method could be some way of automatic switching mechanism based on some pre-conditions configured by the network. For example, such condition could be based on DMRS configuration, indicated MCS value/rable, or some other details of the RB allocation.
In our view, DCI-based explicit triggering method could be used due to its simplicity and straightforward approach. MAC-CE isgnaling is typically slower than DCI, hence not preferred. 
Proposal 1: Confirm working assumption. Indication from DCI signaling is used for dynamic waveform switching. 

In the working assumption, two alternative DCI signaling options are listed. According to Alt-1, UL-scheduling DCI carries the indication for dynamic waveform switching. The indication can be conveyed in the DCI signaling either explicitly or implicitly. According to Alt-2, non-UL scheduling DCI triggers the waveform switching. Alt-2 could potentially use DL-scheduling DCI for the trigger. One possible use case could be triggering such indication for a configured grant Type-I as no DCI activation/release signaling is supported for Type-I CGs. However, this seems not beneficial as configured grant Type-I is considered as semi-static resource allocation technique. Dynamic switching mechanism between waveforms may not be needed as it contradicts this allocation method by design. Hence, we prefer supporting only Alt-1 for indication from an UL scheduling DCI. 

Observation 1: UL configured grant Type-I is (pre)-configured semi-statically without DCI activation/release signaling support, hence triggering dynamic waveform switching via a non-UL scheduling DCI contradicts configured grant Type-I design principle.

We propose the following: 
Proposal 2: Support only Alt-1 (i.e., indication from an UL scheduling DCI). No support for non-UL scheduling DCI.

[bookmark: _Hlk118460272]DCI signalling details
In RAN1-111, a working assumption was made supporting new 1-bit field for dynamic waveform indication. It is reasonable to confirm this working assumption. If it is confirmed, DCI payload size should be matched, e.g., by zero padding. 
However, with the introduction of new 1-bit field, there will be an increase in the total payload size of the UL scheduling DCI. Therefore, the working assumption fro RAN1-111 is confirmed, DCI payload size should be matched. 
We propose the following: 
Proposal 3: If new field is used in DCI signaling, DCI payload size should be matched, e.g., by zero padding.

The new 1-bit DCI field should be placed at the beginning of the list (e.g., after CIF) to help parse the DCI more easily. 
We propose the following:
Proposal 4: New 1-bit DCI field should be listed at the beginning of the list (e.g., after carrier indication field). 

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. 

In our view, it is sufficient to introduce dynamic switching for the first two RRC parameter functionalities. For dynamic and configured uplink grants, allowing UE to switch between two waveforms can offer practical benefit for extended coverage and higher throughput. 

However, the benefit for dynamic waveform switching for msg3 or for msgA is not clear. The new functionality can be limited to normal dynamic PUSCH grants and for configured uplink grants. 

Regarding configured grants, similar functionality actually currently exists for UEs that support multiple configured Type-2 grants. Network can essentially configure a UE with two separate Type-2 configured grants which contain exactly the same set of configuration parameter values with the exception of transformPrecoder. Then, network can help UE to switch from one configured grant to another configured grant by activating and deactivating them via DCI. Hence, in terms of functionality, similar configuration ability already exists today for Type-2 configured grants. 

For that reason, new dynamic switching triggering mechanism is not needed in the DCI activation signaling for configured grants. 

Observation 2: Current specifications already allow the network to dynamically indicate UE to switch between DFT-S-OFDM and CP-OFDM if UE supports multiple Type-2 configured grants. 

We propose the following:

Proposal 5: Support dynamic waveform switching for dynamic UL grants only. No support for configured grants.

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 our view, this is sufficient as the benefit of supporting fallback DCI is not clear.  
We propose the following for supported DCI formats:
Proposal 6: Do not support fallback DCI formats for triggering dynamic waveform switching. 

Conclusions
We have the following observation:
Observation 1: UL configured grant Type-I is (pre)-configured semi-statically without DCI activation/release signaling support, hence triggering dynamic waveform switching via a non-UL scheduling DCI contradicts configured grant Type-I design principle.

Observation 2: Current specifications already allow the network to dynamically indicate UE to switch between DFT-S-OFDM and CP-OFDM if UE supports multiple Type-2 configured grants. 

We have the following proposals:
Proposal 1: Confirm working assumption. Indication from DCI signaling is used for dynamic waveform switching. 
Proposal 2: Support only Alt-1 (i.e., indication from an UL scheduling DCI). No support for non-UL scheduling DCI.
Proposal 3: If new field is used in DCI signaling, DCI payload size should be matched, e.g., by zero padding.
Proposal 4: New 1-bit DCI field should be listed at the beginning of the list (e.g., after carrier indication field). 
Proposal 5: Support dynamic waveform switching for dynamic UL grants only. No support for configured grants.
Proposal 6: Do not support fallback DCI formats for triggering dynamic waveform switching. 
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