[bookmark: _Hlk60849540][bookmark: _Hlk67651583][bookmark: _Hlk111116691][bookmark: OLE_LINK15][bookmark: OLE_LINK16]3GPP TSG RAN WG1 #110bis-e					   R1-2209413
e-Meeting, October 10th – 19th, 2022

Source: 	ETRI
[bookmark: _Hlk4683555][bookmark: _Hlk24043486][bookmark: Title]Title: 	Dynamic switching between DFT-S-OFDM and CP-OFDM
Agenda Item:	9.14.3 Dynamic switching between DFT-S-OFDM and CP-OFDM	
Document for:	Discussion
1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]The work item description includes objectives for dynamic UL waveform switch as follows. We address our initial view for waveform adaptation for data transmissions.
	· Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)


2. Discussion
[bookmark: _Ref111058652]Considering UEs with high mobility, the UE in the center of coverage can move to the edge of coverage. The transmission parameter for PDSCH/PUSCH can be adjusted to adapt to varying environments from the serving gNB’s signalling. In the case of PUSCH, lower PAPR/CM metric can be achieved by switching from CP-OFDM into DFT-s-OFDM.
According to the current specification, the DCI format 0_0 and DCI format 0_1 (and format 0_2) may schedule PUSCH with different waveforms. The DCI format 0_0 follows the same waveform to the Msg3 PUSCH, and the other DCI formats follow the configured waveform, which is associated with its active BWP configuration. 
When we consider the DCI format 0_0, the scheduling flexibility does not seem enough due to its limited information fields. For instance, only single layer can be allocated by this DCI format. If the UE requires more traffic load, then non-fallback DCI format should be used for throughput perspective. 
One more concern might be that the TCI state (or qcl information) and/or precoding assumption for PUSCH may not be sufficiently reflected to derive a proper MCS level if the serving gNB use DCI format 0_0 abruptly. In this case the serving gNB may adjust MCS level to a safer value, which causes low throughput for a while.
Another approach is to BWP switch for waveform adaptation. Since the waveform parameter is configured within a BWP configuration IE, the serving gNB can change an active UL BWP in order to change the UL waveform. However, the BWP is utilized for many other purposes such as power saving, default state in some detailed cases (e.g., serving cell activation, default timer expiry), and UL waveform change is not adequate purpose to switch UL BWP. Furthermore, if the UE changes UL BWP, then it might alter its filtering, in which case the battery can be drained. More importantly, not all DCI formats are configured to have an information field for BWP changes. According to above paragraphs, the current specification may depend on scheduling DCI though it may not be optimized.
[bookmark: _Ref115450912]Observation 1: The scheduling DCI by using different DCI formats or using specific information fields can dynamically adapt the uplink waveform.
We think further discussion is necessary in perspective of configured grant. In some scenario, the CG PUSCH may not need to be supported in the edge of coverage with dynamic UL waveform changes. For instance, an edge UE requests VoNR services, then the serving gNB may utilize the dynamically scheduled PUSCH only. For type 1 CG PUSCH, the reconfiguration can be performed or the UL BWP can be changed to dynamically switch UL waveform. For type 2 CG PUSCH, the other CG PUSCH can be activated with different UL waveform, while the CG PUSCH can be released.
However, in this case, the latency would be non-negligible at least for type 1 CG PUSCH case. Also, the edge UE may consume much CCE resources, and the CCEs for centered UEs might be run out. Thus, in our view, configured grant PUSCH would also be included in the WID objective.
[bookmark: _Ref115450917]Proposal 1: Discuss both dynamically scheduled and configured grant PUSCH in the Rel-18 coverage work item.
If both dynamically scheduled and configured grant PUSCH are supported, then it is desirable to apply a common scheme to switch UL waveform. Even though DCI based or CG based PUSCH can have different solutions, their performance gain can be not very large and we think that it is more important to consider easier implementations and less specification efforts.
[bookmark: _Ref115450922]Proposal 2: Strive for a unified solution to the UL waveform switch regarding dynamic and configured grant PUSCH.
2.1. Dynamically scheduled UL transmissions
If we consider dynamically scheduled PUSCH, then the DCI based approach can be investigated. We assume that transform precoder can enable/disable explicitly (Alt 1) or implicitly (Alt 2) in the DCI. We may have two approaches.
The Alt 1 introduces an additional information field for UL waveform switch, while other information fields remain same. This is effective solution but it should be re-considered in terms of efficiency. Since the information fields in the DCI format are semi-static, when the UE is not in the edge of coverage, the information field about the waveform may not be necessary. However, the DCI payload is already increased and monitored constantly while the same UL BWP is kept. 
The Alt 2 does not introduce any information field but the UE should be configured to re-interpret some combinations of information fields in the DCI format. A specific condition can be known and if this condition holds then the UL waveform can be changed. The Alt 2 does not need explicit signalling and it is more desirable than the Alt 1.
In our view, we can open to discuss the DCI-based UL waveform change.
2.2. Configured scheduled UL transmissions
If CG PUSCH is agreed to support dynamic UL waveform change, then the scheduling DCI should not be used. In the case of type 1 CG PUSCH, the reconfiguration is performed by RRC signalling, thus the dynamic UL waveform change is not possible. In the case of type 2 CG PUSCH, the release DCI/activating DCI can be used and it is applicable to dynamic UL waveform change. Since we prefer the scheme to apply both types of CG PUSCH, the re-assigning CG PUSCH may not be supported.
[bookmark: _Ref115450926]Proposal 3: If supported, discuss the unified solution to both types of configured grant PUSCH allocations.
As another signalling, we can consider higher layer signalling for dynamic UL waveform change. In the case of MAC CE, the serving gNB transmits PDSCH carrying information about UL waveform in its MAC CE. The UL waveform can be changed and it is applied for next UL transmission(s). In other words, the UE can maintain the CG PUSCH assignment and does not alter its scheduling but may switch UL waveform, by receiving higher layer signalling.
In order to apply this approach, the UE should know the precise timing to apply the waveform change. For instance, MAC CE application timeline is clearly stated in the current specification.
[bookmark: _Ref115450929]Proposal 4: If upper layer signalling is applied to switch UL waveform, the application timing should be known to UE.
If the upper layer signalling can be utilized, then we can further consider switching UL waveforms of multiple serving cells provided that the UE is operating UL CA. This may save the signalling overhead because scheduling DCI may indicate its waveform switch per scheduled serving cell. However, if we consider MAC CE, then
3. Conclusion
[bookmark: _GoBack]We address our initial view about supporting dynamic UL waveform changes.
Observation 1: The scheduling DCI by using different DCI formats or using specific information fields can dynamically adapt the uplink waveform.
Proposal 1: Discuss both dynamically scheduled and configured grant PUSCH in the Rel-18 coverage work item.
Proposal 2: Strive for a unified solution to the UL waveform switch regarding dynamic and configured grant PUSCH.
Proposal 3: If supported, discuss the unified solution to both types of configured grant PUSCH allocations.
Proposal 4: If upper layer signalling is applied to switch UL waveform, the application timing should be known to UE.
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