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In the RAN#95-e meeting, the WI on further NR coverage enhancements was approved [1] and was updated in RAN#96 meeting as [2]. The detailed objective about waveform dynamic switch is showed as below: 
	Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)



DFT-S-OFDM waveform is beneficial for UL coverage limited scenario because of its lower PAPR compared with CP-OFDM waveform. Currently, UL waveform is configured via RRC and this limitation imposes a large barrier to switch over to DFT-S-OFDM waveform for cell-edge UEs practically. So it is needed to support dynamic switching between DFT-S-OFDM and CP-OFDM.
In this contribution, the indication approach for dynamic switching between DFT-S-OFDM and CP-OFDM is discussed firstly, and other issues, such as impact on DCI format, CG-PUSCH & PUSCH without scheduling DCI, are also discussed. 
Dynamic Switching of Waveform 
Indication of dynamic switching
The dynamic switching of waveform has been raised in Rel-17 TEI discussion, and few alternatives for indication are included in the proposal [3]. 
	To support dynamic switching of UL waveform, few alternatives can be considered. 
Alt1: DCI signaling based dynamic UL waveform switching, it could be implicit or explicit 
Alt1-1: Explicit signaling, e.g. by introducing 1 bit in DCI to indicate CP-OFDM or DFT-s-OFDM waveform to be used for PUSCH
Alt1-2: Implicit signaling, e.g. CP-OFDM or DFT-s-OFDM waveform to be used for PUSCH is identified by certain condition on the scheduling information in the DCI without changing DCI format. 
Alt2: MAC CE signaling based dynamic UL waveform switching



For Alt 1-2, four detailed options are also proposed in [3].
	Opt.1: waveform is DFT-S-OFDM if contiguous PRB allocation and multiple value of 2, 3, 5, else CP-OFDM. 
Opt.2: waveform is DFT-S-OFDM if MCS is lower than threshold, else CP-OFDM.
Opt.3: waveform is CP-OFDM if PUSCH and DMRS is FDMed (based on ‘Number of DMRS CDM group(s) without data’), else DFT-S-OFDM.
Opt.4: waveform is CP-OFDM if more than one layer/rank are indicated, else DFT-S-OFDM.



Opt.1 or Opt.2 of Alt 1-2 with using implicit signaling via RB or MCS allocation, imposes limitation on how the gNB scheduler handles transport block size segmentation and MCS allocation. Also as maximum power reduction (MPR) difference between CP-OFDM and DFT-s-OFDM, in some cases it is possible to use higher MCS for DFT-s-OFDM but not CP-OFDM. For Opt.3, the waveform switching cannot be used in the PUSCH scheduled by DCI Format 0_0 as the PUSCH and DMRS is mandatory as TDMed. For Opt.4, many companies think rank 2+ DFT-S-OFDM should be introduced into NR and current restriction in option 4 will cause the forward compatible issue as it prohibits the rank 2+ DFT-S-OFDM in future. 
Observation 1: Options using implicit indication for dynamic waveform switching impose unnecessary limitations in terms of scheduling flexibility, applicability of dynamic waveform switching or forward compatibility.  
For Alt 2, i.e., MAC CE based signaling, the drawback is larger latency for switching, which degrades the potential gain of this feature itself. 
Based on above analysis, we propose for PUSCH with scheduling DCI, explicit signalling, e.g. by introducing 1 bit in DCI to indicate CP-OFDM or DFT-s-OFDM waveform should be adopted.
Proposal 1: For PUSCH with scheduling DCI, explicit signalling, e.g. by introducing 1 bit in DCI to indicate CP-OFDM or DFT-s-OFDM waveform should be adopted.

Impact on DCI format
Impact on DCI format 0_0 
The flexibility of dynamic switching on waveform should be supported by DCI format 0_0. As the size of DCI format 0_0 should always keep the same with that of DCI format 1_0, similar design as UL/SUL indicator in format 0_0 can be considered for waveform indicating. That is, if the number of bits for DCI format 1_0 before padding is larger than the number of bits for DCI format 0_0 before padding, 1 bit for waveform dynamic switching will be added after the padding bit(s) of DCI format 0_0.
Proposal 2: If the number of bits for DCI format 1_0 before padding is larger than the number of bits for DCI format 0_0 before padding, 1 bit for waveform dynamic switching will be added after the padding bit(s) of DCI format 0_0.
Retransmission of Msg3:
In current specification, waveform of retransmission of Msg3 scheduled by DCI format 0_0 follows the configuration of “msg3-transformPrecoder”. It means the waveform of retransmission of Msg3 is same as that of initial transmission, i.e., PUSCH scheduled by RAR UL grant. 
	38.214 [4]
[bookmark: _Hlk498091854]For a PUSCH scheduled by RAR UL grant, or for a PUSCH scheduled by fallbackRAR UL grant, or for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI, the UE shall consider the transform precoding either 'enabled' or 'disabled' according to the higher layer configured parameter msg3-transformPrecoder.
38.331 [5]
msg3-transformPrecoder
Enables the transform precoder for Msg3 transmission according to clause 6.1.3 of TS 38.214 [19]. If the field is absent, the UE disables the transformer precoder (see TS 38.213 [13], clause 8.3).



If dynamic switching is supported, this principle can also be maintained. That is, the waveform of retransmission of Msg3 is the same as that of initial transmission, and there is no explicit indication field for dynamic waveform switching in DCI format 0_0 scrambled by TC-RNTI.
Proposal 3: There should be no explicit indication field for dynamic waveform switching in DCI format 0_0 scrambled by TC-RNTI.

Impact on DCI format 0_1/0_2 
The size of some fields in DCI format 0_1/0_2 is associated with the enabling/disabling status of transform precoder. Such as:
-	Antenna ports
-	PTRS-DMRS association
-	DMRS sequence initialization
Table 1: Different size of information fields under different configurations of transform precoder
	Information fields in DCI format 0_1/0_2
	Other conditions
	Transform precoder is disabled(CP)
	Transform precoder is enabled(DFT-s-OFDM)

	Antenna ports
	dmrs-Type=1, and maxLength=1
	3
	2

	
	dmrs-Type=1, and maxLength=2
	4
	4

	
	dmrs-Type=2, and maxLength=1
	4
	-

	
	dmrs-Type=2, and maxLength=2
	5
	-

	DMRS sequence initialization
	
	1
	0

	PTRS-DMRS association
	
	0 or 2
	0



As shown in Table 1, the size of field for “Antenna ports”, “DMRS sequence initialization”, “PTRS-DMRS association” is directly affected by the status of transform precoder. And it is observed that the sizes of these fields in case of transform precoder disabled are no less than those of transform precoder enabled if other conditions are the same. 
In such case, a new RRC parameter can be introduced as “dynamic waveform switching indication” for DCI format 0_1/0_2. When RRC signalling “dynamic waveform switching indication” is configured, the sizes of related DCI fields align with those under the case that “transformPrecoder” is disabled. If the DCI indication is “transform precoder enabled”, the unused MSB bit(s) of these DCI fields can be reserved. If “dynamic waveform switching indication” is not present, the waveform configuration falls back to legacy semi-static RRC configuration.
Observation 2: The size of field for “Antenna ports”, “DMRS sequence initialization”, “PTRS-DMRS association” is directly affected by the enabling/disabling of transform precoder, and their sizes in case of transform precoder disabled are no less than those of transform precoder enabled.  
[bookmark: OLE_LINK1]Proposal 4: For DCI format 0_1/0_2, a new RRC parameter for enabling dynamic waveform switching can be introduced. When the RRC parameter is configured, the sizes of DCI fields for “Antenna ports”, “DMRS sequence initialization”, “PTRS-DMRS association” align with those under the case that “transformprecoder’ is disabled, otherwise dynamic waveform switching is not supported for DCI format 0_1/0_2. 

CG-PUSCH and PUSCH without scheduling DCI
On top of proposal 1 above, it needs to further discuss whether/how dynamic switching is applicable to PUSCH not scheduled by a DCI, i.e.,:
· PUSCH scheduled by RAR UL grant
· CG-PUSCH
PUSCH scheduled by RAR UL grant
The waveform of PUSCH scheduled by RAR UL grant is configured by RRC configuration “msg3-transformPrecoder”. For normal Msg3, it seems no motivation to apply dynamic waveform switching. 
But for Msg.3 PUSCH repetition, as the intention of “DFT-s-OFDM” and “Msg3 PUSCH repetition” are both for coverage enhancement, the coupling between the “DFT-s-OFDM” waveform and the Msg3 PUSCH repetition is valid. A simple way is that if the number of Msg3 PUSCH repetitions is larger than 1, UE can ignore the RRC configuration “msg3-transformPrecoder” and set waveform as “DFT-s-OFDM”. 
Proposal 5: If the number of Msg3 PUSCH repetitions is larger than 1, UE can ignore the RRC configuration “msg3-transformPrecoder” and set waveform as “DFT-s-OFDM”.

CG-PUSCH
In current specification, the waveform for PUSCH with a configured grant follows the higher layer parameter “transformPrecoder” in configuredGrantConfig, if presents. If the higher layer parameter “transformPrecoder” in configuredGrantConfig is not configured, the waveform follows the higher layer configured parameter “msg3-transformPrecoder”.
	For PUSCH transmission with a configured grant
-	If the UE is configured with the higher layer parameter transformPrecoder in configuredGrantConfig, the UE shall, for this PUSCH transmission, consider the transform precoding either enabled or disabled according to this parameter.
-	If the UE is not configured with the higher layer parameter transformPrecoder in configuredGrantConfig, the UE shall, for this PUSCH transmission, consider the transform precoding either enabled or disabled according to the higher layer configured parameter msg3-transformPrecoder.



For Type-2 CG-PUSCH, the waveform dynamic switching can be indicated by the activation DCI for Type-2 CG-PUSCH. The DCI field for dynamic indication is the same with that in DCI format for dynamic PUSCH.
While for type-1 CG-PUSCH, there is no activation DCI, so legacy mechanism can be followed, i.e., dynamic waveform switching is not supported for type-1 CG-PUSCH. 
Proposal 6: For Type-2 CG-PUSCH, the dynamic waveform switching can be indicated by the activation DCI for Type-2 CG-PUSCH.
Proposal 7: Dynamic waveform switching is not supported for Type-1 CG-PUSCH.

Conclusion
In this contribution, we provide our analysis on the indication approach for dynamic switching between DFT-S-OFDM and CP-OFDM as well as other related issues with the following observations and proposals. 
Observation 1: Options using implicit indication for dynamic waveform switching impose unnecessary limitations in terms of scheduling flexibility, applicability of dynamic waveform switching or forward compatibility.  
Proposal 1: For PUSCH with scheduling DCI, explicit signalling, e.g. by introducing 1 bit in DCI to indicate CP-OFDM or DFT-s-OFDM waveform should be adopted.
Proposal 2: If the number of bits for DCI format 1_0 before padding is larger than the number of bits for DCI format 0_0 before padding, 1 bit for waveform dynamic switching will be added after the padding bit(s) of DCI format 0_0.
Proposal 3: There should be no explicit indication field for dynamic waveform switching in DCI 0_0 scrambled by TC-RNTI.
Observation 2: The size of field for “Antenna ports”, “DMRS sequence initialization”, “PTRS-DMRS association” is directly affected by the enabling/disabling of transform precoder, and their sizes in case of transform precoder disabled are no less than those of transform precoder enabled.  
[bookmark: _GoBack]Proposal 4: For DCI format 0_1/0_2, a new RRC parameter for enabling dynamic waveform switching can be introduced. When the RRC parameter is configured, the sizes of DCI fields for “Antenna ports”, “DMRS sequence initialization”, “PTRS-DMRS association” align with those under the case that “transformPrecoder” is disabled, otherwise dynamic waveform switching is not supported for DCI format 0_1/0_2. 
Proposal 5: If the number of Msg3 PUSCH repetitions is larger than 1, UE can ignore the RRC configuration “msg3-transformPrecoder” and set waveform as “DFT-s-OFDM”.
Proposal 6: For Type-2 CG-PUSCH, the dynamic waveform switching can be indicated by the activation DCI for Type-2 CG-PUSCH.
Proposal 7: Dynamic waveform switching is not supported for Type-1 CG-PUSCH.
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