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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]The previous meeting had a good progress to narrow down the scope of this work item. In this meeting, we address our view for further progress.
	· Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)


2. Discussion
2.1. Dynamically scheduled UL transmissions
In the previous meeting, we had the following working assumption. This tells us narrowing down the further ways forward. During the email discussion, we had some more approaches to achieve dynamic waveform indication but unfortunately it was not agreed at last. 
In particular, during the GTW, it seems that MAC CE based approach did not have consensus because many companies considered that it is not in the scope of the work item. In our view, after RAN plenary resolves the diverse understanding between companies, RAN1 can further consider some approaches that were not agreed due to being out-of-scope of the work item. In this case, some approaches e.g., MAC CE can be discussed in addition to approaches in the following working assumption.
	[bookmark: _Ref111058652]Working Assumption 110bis
Support at least one of the following options for the dynamic waveform indication in R18:
Alt 1: Indication from an UL scheduling DCI
· Alt 1-A: New field in scheduling DCI
· Alt 1-B: Reuse existing field in scheduling DCI
· Alt 1-B-1: Explicit indication by repurposing field, e.g.
· Add one column to TDRA table
· Add one column to MCS table(s)
· Other solutions not precluded
· Alt 1-B-2: Implicit determination from condition(s) on scheduling information, e.g.
· RA type, MSB of RA
· Number of RBs (below threshold or multiple of 2,3,5)
· Location of RB allocation within carrier and the associated MPR
· MCS below threshold
· Number of PUSCH repetitions (or whether PUSCH repetition is used) and/or TBoMS
· Number of DMRS CDM group(s) without data
· Precoding information and number of layers
· SRI
· Condition over multiple types of scheduling information
· Other types of scheduling information not precluded
· Indicated waveform applies at least to the scheduled PUSCH transmission
· FFS: Whether it also applies to subsequent transmissions, and of which type
· FFS: DCI formats can contain the indication 
· FFS: Indication applies only if condition(s) are satisfied (e.g. PDCCH occasion, /RNTI, /Search space of the scheduling DCI, latest PHR reported by the UE, etc.)
Alt 2: Indication from a non-UL scheduling DCI
· FFS: DCI formats that can provide the indication (e.g. Downlink DCI, UE-group common DCI)
· FFS: Types of subsequent transmissions to which indication is applicable



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. Regarding Alt 1A, although even UEs in the center of coverage can potentially move to the edge of coverage, the information field should be extended. Furthermore, UEs in the edge of coverage should monitor longer DCI payload, and it leads to more DTX events or more CCE overhead in the end.
[bookmark: _Ref118376130]Observation 1: Increasing the information field is less preferred.
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.
[bookmark: _Ref115450912][bookmark: _Ref118376145]Proposal 1:The Alt 1A is less preferred due to the pervasive DCI overhead.
Regarding the Alt 1B, many combinations are proposed. The idea is to introduce an event (or a condition) to represent the UE’s location whether it is in the edge or the center of UL coverage. In our view, any specific combination would incur the scheduling restriction however it also would lose minor UL throughput. The question is to whether or not the fallback DCI format can switch the UL waveform. The further question is to whether or not multi-layer transmission is allowed.
The target scenario for dynamic waveform indication is to achieve some dB of coverage. If more coverage is required, then the network would configure slot aggregation or pi/2-BPSK or MCS-C-RNTI, etc., and would schedule with narrowband or higher transmission power or less number of rank. 
In some perspective, a dynamic waveform switching is only applied between a single layer transmissions, and in other perspective, a dynamic waveform switching is applied between transmissions of a layer with DFT-s-OFDM and of a few layers with CP-OFDM. In our view, the latter one (i.e., between multi-layer of CP-OFDM and single layer of DFT-s-OFDM) has lower signalling overhead. We would suggest to use number of layers as the condition to switch the waveform.
In this case, each information field in the UL-DCI has the length for multi-layer transmission and the number of layers is read by the UE. The number of PRBs can be multiple of 2,3,5 to be a DFT-s-OFDM. However, any combination may work for this purpose. We would like to propose that the target scenario should be agreed first and then proceed to discuss further details such as DCI formats. If this scenario can be used as an evaluation, then the further details can follow later.
[bookmark: _Ref118376147]Proposal 2: Any combinations for the Alt 1B would work and the precise target scenario is discussed to proceed further.
One more remaining point is to whether or not to apply the indicated waveform for subsequent transmissions. The scheduling DCI can switch its waveform and we do not think the current waveform may depend on any previous scheduling grant, which can violate the 3GPP philosophy. Also, if we consider two consecutive PUSCH assignments while the former one switches the waveform, then the latter one may or may switch the waveform because of the possible DTX event of the UL-DCI for the former one.
[bookmark: _Ref118376153]Proposal 3: The scheduled PUSCH is dependent of its UL-DCI for the waveform indication.
As Alt 2 proposes, the non-UL scheduling DCI can support the CG PUSCH case. However, it should have more clarification as Alt 1 should. For the case of DL-DCI, the DL assignment should indicate a UL waveform, which basically requires additional information field, otherwise DL scheduling is restricted. Also, some UEs may have UL traffic with no DL traffic. For the case of GC-DCI, the waveform indication may follow the legacy structure of GC-DCI, i.e., a certain portion of the payload in the GC-DCI is associated to a group of UEs. The certain portion is expressed as the configured starting position and the specified length. This implies that GC-DCI may require additional format or RNTI or bits.
The application time or (implicit) HARQ-ACK of DL-/GC-DCI can be further studied in order to avoid ambiguity of waveform for dynamically scheduled PUSCH. For the HARQ-ACK, the DL-DCI can be regarded as being recognized by the UE if PUCCH is transmitted, while GC-DCI may not incur any feedback thus the network does not guarantee the waveform of the succeeding PUSCH.
[bookmark: _Ref118376156]Proposal 4:.The Alt 2 is less preferred due to the DCI overhead, and further details about application time and HARQ-ACK can be studied.
2.2. Configured scheduled UL transmissions
	Agreement 110bis
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).



[bookmark: _GoBack]According to the above agreement, at least type 2 CG PUSCH may be directly applied to the dynamic waveform indication. We think further discussion is necessary in perspective of configured grant for type 1 because the VoNR or some URLLC service are required at the edge of coverage.
In some sense, the legacy specification allows multiple CG configuration/activations and UL skipping. The network can configure many configurations and the UE can choose one CG PUSCH with more appropriate waveform. This can be regarded as being dynamic indicated. However, it increases the detection complexity and worsen the energy consumption. 
In addition, the network can rely on the retransmission by switching its waveform. It is feasible solution but it consumes much CCEs and it might be better not to configure CG PUSCH, which would consume much more CCEs. It is beneficial to support CG PUSCH changing its waveform while the scheduling DCI may not involve.
[bookmark: _Ref118376136]Observation 2: At the edge of coverage, it is beneficial to support configured grant PUSCH with waveform indication.
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 the dynamic UL waveform change. 
In our understanding, it is not the urgent question whether or not both type of CG PUSCH or only one type of CG PUSCH is supported. The use case and specific feature for waveform indication using CG PUSCH can be more clarified instead of focusing on the signalling detail itself. Also, we do not think there has been differentiated feature(s) between two types of CG PUSCH, thus we prefer the scheme to apply both types of CG PUSCH.
[bookmark: _Ref118376162]Proposal 5: Support configured grant PUSCH in the Rel-18 coverage work item.
Referring to the above working assumption, the DL-DCI or GC-DCI can indicate the waveform of CG PUSCH. It is rather straightforward to avoid using UL-DCI, but it relies on the DCI for the transmission of CG PUSCH. In the case of missing some DL-/GC-DCI, the network should decode all DM-RS of both waveforms.
As another signalling, though it is not included in the FFS in the previous meeting, we might 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, DL-/GC-DCI/MAC CE application timeline is clearly stated in the current specification. 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.
3. Conclusion
We address our view about supporting dynamic UL waveform changes.
Observation 1: Increasing the information field is less preferred.
Proposal 1:The Alt 1A is less preferred due to the pervasive DCI overhead.
Proposal 2: Any combinations for the Alt 1B would work and the precise target scenario is discussed to proceed further.
Proposal 3: The scheduled PUSCH is dependent of its UL-DCI for the waveform indication.
Proposal 4:.The Alt 2 is less preferred due to the DCI overhead, and further details about application time and HARQ-ACK can be studied.
Observation 2: At the edge of coverage, it is beneficial to support configured grant PUSCH with waveform indication.
Proposal 5: Support configured grant PUSCH in the Rel-18 coverage work item.
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