[bookmark: _Hlk60849540][bookmark: _Hlk67651583][bookmark: _Hlk111116691][bookmark: OLE_LINK15][bookmark: OLE_LINK16]3GPP TSG RAN WG1 #114bis					   R1-2309707
Xiamen, China, October 9th – October 13th, 2023

Source: 	ETRI
[bookmark: _Hlk4683555][bookmark: _Hlk24043486][bookmark: Title]Title: 	Dynamic switching between DFT-S-OFDM and CP-OFDM
Agenda Item:	8.8.3	
Document for:	Discussion
1. Introduction
[bookmark: _Ref146702223][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: _Ref146702140][bookmark: _Ref146702144]According to the latest WID [1], dynamic waveform switching is under discussion. The previous meeting had a good agreement for this agenda, and the moderator shared an excellent summary in [1]. This contribution describes our views for remaining details for waveform indications, based on the last feature lead summary.
	· Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)


2. Discussion
2.1.1. [bookmark: _Ref111058652]Handling of FDRA type/DM-RS type
	Agreement (112bis)
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 (112bis)
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.


The DFT-s-OFDM based waveform has more limitations than the CP-OFDM based waveform, i.e., DFT-s-OFDM allows only frequency resource allocation type 0 and DM-RS configuration type 2. The discussion is about whether the scheduling UL-DCI guarantee full flexibility of CP-OFDM based PUSCH transmissions.
We had two agreements in the previous meeting and they are option 1 and option 2. The option 1 treats it as an error case and the serving cell should handle this to limit some flexibility, and the option 2 allows the full flexibility. 
In our view, the full flexibility may not be beneficial because the UE operating DWS may be located in the non-center of coverage area. In our understanding, the usage of DWS may be limited. For instance, UEs in the center of coverage would operate CP-OFDM for MU-MIMO scheduling. UEs in the edge of coverage would operate repetitions of any waveform or operate DFT-s-OFDM for acquire power margin. In this sense, the effective area of coverage may not be the fore-mentioned area and the UE can have low mobility otherwise the serving gNB would prepare handover anyway.
In addition, we have to consider the payload of DCI. The DWS is enabled by the explicit field in the scheduling DCI, and it may require DCI overhead if we allow full flexibility of CP-OFDM because per-field alignment is agreed. The DCI overhead may not be larger than the legacy DCI for CP-OFDM, however we can expect the coverage of DCI is similar.
Thus, we suggest that the DWS operation may enable/disable the DFT precoding and all other flexibilities can be minimized. Option 1 above for both FDRA and DM-RS seems to be a reasonable approach considering use case and DCI overhead and implementations.
[bookmark: _Ref134768369]Proposal 1: For both FDRA type and DM-RS type, configuration restriction with error case handling is supported.

	FL proposal 2-3: [1]
For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, and useInterlacePUCCH-PUSCH is not configured:
[Option 1]
· 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. 

For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured:
[Option 2]
· If DFT-S-OFDM is indicated, UE applies DMRS type 1.
· If CP-OFDM is indicated, UE applies DMRS type according to dmrs-Type.


[bookmark: _GoBack]In the last meeting, the feature lead proposed compromised solution 2-3. The feature lead separated FDRA and DM-RS issues and attempt to proceed. In our view, FDRA and DM-RS should be treated in the unified approach because the essence of this issue is to allow whether UE needs to check any invalid assignment. A hard decision might be made in this Q4.

2.1.2. Applicability to UL CA
	FL proposal 1-2: [1]
Dynamic waveform switching is supported for a UE configured with multiple UL carriers.
· This feature is subject to UE capability. FFS details. 


In the previous meeting, there were discussions for UL CA. In our understanding, supporting UL CA depends on a UE capability but it needs specification efforts because the Rel-18 UL CA introduced multi-carrier scheduling. Unlike DCI format 0_3, for self scheduling and cross carrier scheduling, we do not expect much issues for now.
Considering multi-TB scheduling in a serving cell from DCI format 0_1, which is agreed since RAN1-112b, it can be naturally assumed that PUSCH transmissions are for one RxP. The link budget will behave similarly. In addition, we can consider UL CA, where it may possibly include non-collocated CA scenario. Since single DWS bit may be applied for a set of serving cells, DWS may not be beneficial in this case. Thus we think that the careful implementation is required.
Regarding UL CA, a UE can apply the information for the active UL BWP in activated serving cell(s). In turn, the deactivated serving cell in the scheduled cell set may not be scheduled, otherwise the UE can ignore this information field for the deactivated serving cell. 
[bookmark: _Ref146728265]Proposal 2: Regarding UL CA, if an information field is present and is not applicable in an active BWP of serving cell(s), then the field can be ignored for the serving cell.

2.1.3. Applicability to msg3 PUSCH
The DWS field in the fallback DCI format has been discussed and there is still remaining issue to whether or not TC-RNTI supports DWS or not. Some companies point out that the TC-RNTI based DWS can be adopted , but in our view, the retransmission of msg3 PUSCH is not quite urgent scenario because the repetition of msg3 PUSCH has been supported by both RAR UL grant and TC-RNTI based UL grant. Early indication from preamble set partitioning would also be required to indicate whether Msg3 supports DWS or not.
The TC-RNTI based format 0_0 should have the enhanced coverage, however the PUSCH scheduled in the USS can also be repeated if appropriate TDRA is provided in pusch-Config. In our view, the coverage of CORESET is equally important by not having the additional information field for DWS, and the DWS does not seem an essential feature in this release.
[bookmark: _Ref134768373]Proposal 3: Deprioritize discussing TC-RNTI based DWS in Rel-18.
 
2.1.4. Applicability to STxMP

The DWS can be indicated by the scheduling DCI and we think it can be generalized to other features. In our perspective, such features may include MIMO STxMP. In Rel-18, either STxMP SFN or STxMP SDM can be configured and sTRP communication may be used as a fallback. We think that DWS and STxMP should be jointly considered, and we believe that DWS may be effective for all SRS resource sets, just as a sTRP based DWS. 
[bookmark: _Ref146728273]Proposal 4: It is clarified that DWS and STxMP are supported jointly.
Regarding STxMP SFN, it is similar to sTRP case, thus we think DWS can be naturally applied. Regarding STxMP SDM, the scheduling DCI indicates either or both SRS resource set, where each SRS resource set may correspond to distinct RxP. In this perspective, we believe that each link budget are different and can be managed for higher throughput. We suggest that DWS are indicated per SRS resource set, which in turn the scheduling DCI supports additional DWS bitwidth.
[bookmark: _Ref146728277]Proposal 5: DWS can be indicated per SRS resource set in the DCI format (if joint configuration of DWS and STxMP is supported).

3. Conclusion
We address our view about supporting dynamic UL waveform changes.
Proposal 1: For both FDRA type and DM-RS type, configuration restriction with error case handling is supported.
Proposal 2: Regarding UL CA, if an information field is present and is not applied in an active BWP of serving cell(s), then the field can be ignored for the serving cell.
Proposal 3: Deprioritize discussing TC-RNTI based DWS in Rel-18.
Proposal 4: It is clarified that DWS and STxMP are supported jointly.
Proposal 5: DWS can be indicated per SRS resource set in the DCI format (if joint configuration of DWS and STxMP is supported.
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