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In this contribution, we provide our views on the remaining issues on dynamic switching between DFT-S-OFDM and CP-OFDM. Furthermore, the text proposals for CR are given.
Discussion 
Scheme on dynamic waveform switching 
Different waveforms may support different features. For example in NR, DFT-s-OFDM only support continuous frequency resource allocation (i.e., type 1), while CP-OFDM support both non-continuous frequency resource allocation (i.e., type 0) and continuous frequency resource allocation (i.e., type 1). Besides, DFT-s-OFDM only support DMRS type 1 configuration while CP-OFDM support both DMRS type 1 and type 2 configurations. Since only one corresponding parameter is configured to a UE, to support dynamic waveform switching, how to configure or interpret the frequency resource allocation and DMRS type needs to be resolved. 
In RAN 1 #112bis meeting, following agreements have been made:
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 option 1, a gNB can only configure the resource allocation and DMRS type to be the value which is supported by both CP-OFDM and DFT-s-OFDM, otherwise it is an error case. In option 2, a gNB can configure the resource allocation and DMRS type as legacy, but the FDRA and antenna port indicated in DCI may needs to be re-interpreted when the indicated waveform is DFT-s-OFDM. We think both options can resolve this issue, but in option 1, the flexibility may be reduced for CP-OFDM, for example only DMRS type 1 can be used for CP-OFDM. Besides, in Rel-18 MIMO topic, large DMRS ports (i.e., eType 1 and eType 2 DMRS) have been introduced for CP-OFDM. If CP-OFDM can only use DMRS type 1, the flexibility will be reduced much. Therefore, we prefer option 2 to resolve the issue of resource allocation and DMRS type in dynamic waveform switching.
Proposal 1 : Support option 2 to resolve the resourceAllocation and dmrs-Type issue in dynamic waveform switching.
Despite the frequency resource allocation schemes and DMRS type configuration issues, the maximum rank of  PUSCH transmission with DFT-s-OFDM and CP-OFDM is also different. In NR, DFT-s-OFDM supports only one layer transmission while CP-OFDM support up to eight layers transmission in Rel-18. We think same principle as resourceAllocation and dmrs-Type shall be used. That is the configured maxRank is applied when CP-OFDM is indicated and maxRank=1 is applied when DFT-S-OFDM is indicated. Specifically when DFT-s-OFDM is indicated, the N valid bits of a field in DCI, which is related to maxRank (e.g., SRS resource indicator field or Precoding information and number of layers field), shall be determined by assuming maxRank =1. Therefore, we propose:
Proposal 2 : Support the following to resolve the maxRank issue in dynamic waveform switching:
· If DFT-S-OFDM is indicated, UE applies maxRank= 1.
· If CP-OFDM is indicated, UE applies maximum rank according to the configured maxRank.

In RAN 1 #110bis meeting, there was an agreement saying dynamic waveform switching is appliable to CG PUSCH retransmission. 
	RAN1 #110bis
Agreement
[bookmark: _Hlk144713302]Dynamic waveform switching enhancement in R18 is applicable to PUSCH scheduled by DCI format 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1.
· Note: The above does not imply that dynamic switching enhancement in R18 is applicable or not applicable to other cases of PUSCH (e.g. PUSCH transmission with a Type 1 or Type 2 configured grant, PUSCH scheduled by DCI format 0_0).


However, in the latest TS 38.212, DWS for CG PUSCH retransmission case is not included, therefore we support the following TP.
	TS 38.212
7.3.1.1.2	Format 0_1
< Unchanged parts are omitted >
-	Transform precoder indicator – 0 or 1 bit
-	1 bit if the higher layer parameter dynamicTransformPrecoderIndicationDCI-0-1 is configured to 'enabled ' and if the UE is configured to monitor DCI format 0_1 with CRC scrambled by C-RNTI or MCS-C-RNTI or CS-RNTI with the value indicated by new data indicator field is 1, where the bit value of 0 indicates that transform precoder is enabled and the bit value of 1 indicates that transform precoder is disabled.  
-	0 bit otherwise.
< Unchanged parts are omitted >



In RAN 1 #112bis meeting, an agreement was reached for DCI alignment between CP-OFDM and DFT-s-OFDM. Despite the bit width of a field, the agreement also indicate a UE’s behavior. That is, for the waveform indicated in the DCI, if the bit width N of a field would be smaller than the bit width of the field set, UE decodes the field using N least significant bits; If N=0, the UE ignores the field for the indicated waveform. 
	RAN1 #112bis
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.


But in latest TS 38.212, for a field which may has different bit widths corresponding to different waveforms , for example the SRS resource indicator field, the PTRS-DMRS association field and DMRS sequence initialization field, it is only said how to set the bit width, but how a UE decode the filed is missed. Therefore, we propose to make it more accurate and support the following TP.
	TS 38.212
7.3.1.1.2	Format 0_1
< Unchanged parts are omitted >



-	SRS resource indicator – or  bits, where  is the number of configured SRS resources in the SRS resource set indicated by SRS resource set indicator field if present; otherwise  is the number of configured SRS resources in the SRS resource set configured by higher layer parameter srs-ResourceSetToAddModList and associated with the higher layer parameter usage of value 'codeBook' or 'nonCodeBook', 


-	 bits  according to Tables 7.3.1.1.2-28/29/30/31 if the higher layer parameter txConfig = nonCodebook, and if Transform precoder indicator being ‘0’,  least significant bits (LSBs) are used for indicating SRS resource(s) in the SRS resource set, where  is the number of configured SRS resources in the SRS resource set indicated by SRS resource set indicator field if present, otherwise  is the number of configured SRS resources in the SRS resource set configured by higher layer parameter srs-ResourceSetToAddModList and associated with the higher layer parameter usage of value 'nonCodeBook', and
-	if UE supports operation with maxMIMO-Layers and the higher layer parameter maxMIMO-Layers of PUSCH-ServingCellConfig of the serving cell is configured, Lmax is given by that parameter 
-	otherwise, Lmax is given by the maximum number of layers for PUSCH supported by the UE for the serving cell for non-codebook based operation.


-	 bits according to Tables 7.3.1.1.2-32, 7.3.1.1.2-32A and 7.3.1.1.2-32B if the higher layer parameter txConfig = codebook, where  is the number of configured SRS resources in the SRS resource set indicated by SRS resource set indicator field if present, otherwise  is the number of configured SRS resources in the SRS resource set configured by higher layer parameter srs-ResourceSetToAddModList and associated with the higher layer parameter usage of value 'codeBook'.
< Unchanged parts are omitted >
-	PTRS-DMRS association – number of bits determined as follows
-	0 bit if PTRS-UplinkConfig is not configured in either dmrs-UplinkForPUSCH-MappingTypeA or dmrs-UplinkForPUSCH-MappingTypeB and transform precoder is disabled, or if transform precoder is enabled, or if maxRank=1;
-	2 bits otherwise, where Table 7.3.1.1.2-25/7.3.1.1.2-25A and 7.3.1.1.2-26 are used to indicate the association between PTRS port(s) and DMRS port(s) when one PT-RS port and two PT-RS ports are configured by maxNrofPorts in PTRS-UplinkConfig respectively, and the DMRS ports are indicated by the Antenna ports field. When the SRS resource set indicator field is present and maxRank>2, this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator field and/or Precoding information and number of layers field according to Table 7.3.1.1.2-25 and 7.3.1.1.2-26. When the SRS resource set indicator field is present and equals "10" and "11" and maxRank=2, the MSB of this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to SRS resource indicator and/or Precoding information and number of layers field, and the LSB of this field indicates the association between PTRS port(s) and DMRS port(s) corresponding to Second SRS resource indicator field and/or Second Precoding information field, according to Table 7.3.1.1.2-25A.
If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and the "PTRS-DMRS association" field is present for the indicated bandwidth part but not present for the active bandwidth part, the UE assumes the "PTRS-DMRS association" field is not present for the indicated bandwidth part.
When the Transform precoder indicator field is present, if the bit width of PTRS-DMRS association field for the case with transform precoder enabled is not equal to that for the case with transform precoder disabled, a number of most significant bits with value set to '0' are inserted to the PTRS-DMRS association field for the case with smaller bit width until the bit width of the PTRS-DMRS association field for the two cases are the same. 
If the Transform precoder indicator field is ‘0’ and the bit width of PTRS-DMRS association field is larger than 0 bit, the UE shall ignore this field.
-	Second PTRS-DMRS association – 2 bits if PTRS-DMRS association field and SRS resource set indicator field are present and maxRank>2; 0 bit otherwise. Table 7.3.1.1.2-25 and 7.3.1.1.2-26 are used to indicate the association between PTRS port(s) and DMRS port(s) corresponding to Second SRS resource indicator field and/or Second precoding information field when one PT-RS port and two PT-RS ports are configured by maxNrofPorts in PTRS-UplinkConfig respectively, and the DMRS ports are indicated by the Antenna ports field. If the Transform precoder indicator field is ‘0’ and the bit width of Second PTRS-DMRS association field is larger than 0 bit, the UE shall ignore this field.
< Unchanged parts are omitted >
-	DMRS sequence initialization – 0 bit if transform precoder is enabled; 1 bit if transform precoder is disabled or if the Transform precoder indicator field is present. If the Transform precoder indicator field is ‘0’, the UE shall ignore this field.
< Unchanged parts are omitted >



Conclusion
As a summary, we have the following proposals on dynamic switching between CP-OFDM and DFT-s-OFDM:
Proposal 1 : Support option 2 to resolve the resourceAllocation and dmrs-Type issue in dynamic waveform switching. 
Proposal 2 : Support the following to resolve the maxRank issue in dynamic waveform switching:
· If DFT-S-OFDM is indicated, UE applies maxRank= 1.
· If CP-OFDM is indicated, UE applies maximum rank according to the configured maxRank.
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