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1. Introduction
In this contribution, we discuss enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM. 
2. Discussion
Regarding the exact method for dynamic waveform switching, RAN1#111 and RAN1#112 made the following agreements and working assumption: 

	Agreement
For DCI based solution, 
· For supported dynamically scheduled PUSCH, support dynamic waveform switching indication from UL scheduling DCI
Note: “Supported dynamically scheduled PUSCH” is to be confirmed in further discussion 
Note: It does not imply that the waveform switching indication applies to other transmission or not
· Indication from non-UL scheduling DCI is not supported.
Note: the working assumption made in RAN1#110b-e for “Support at least one of the following options for the dynamic waveform indication in R18” does not need to be confirmed

Working Assumption
Support new 1-bit field for dynamic waveform indication from UL scheduling DCI
· Note: no change of the current size alignment procedure between UL DCI and DL DCI

Agreement
For single TB scheduled by single DCI, support new 1-bit field for dynamic waveform indication from UL scheduling DCI.
Note: no change of the current size alignment procedure between UL DCI and DL DCI.

Agreement
For UE configured with multi-PUSCH scheduling in time domain in a carrier (i.e. pusch-TimeDomainAllocationListForMultiPUSCH), DCI format 0_1 supports 1-bit field for dynamic waveform switching indication.
· When configured, 1-bit field indicates waveform for all scheduled PUSCH transmissions.




With the outcomes above, for non-fallback DCI supported in Rel-17, 1-bit indication for dynamic waveform switching (DWS) is concluded. 
In above, RAN1 focuses on the DWS operation considering a CC only. One of the remaining issues would be whether/how to operate DWS when multiple CCs are configured for a UE. 
Basically, we believe a UE supporting DWS for single-CC operation should be able to support DWS even for multi-CC operation without considering much implementation burden. Both CP-OFDM and DFT-S-OFDM are mandatory for NR UL operation, which can be configurable independently between CCs, as per what is described in the specification so far. 
Meanwhile, we somehow understand that different transform precoder between CCs may be neither implementation-friendly nor even beneficial for system. Therefore, although we believe multi-CC operation should be covered for DWS feature, we are fine with considering some implementation-friendly design for the definition of this feature. From our perspective, the benefit of transform precoder optimization per CC in multi-CC operation seems to be dependent on the exact multi-CC operation types, which can be classified as follows:
· Type 1) Carrier aggregation
· Type 1-1) Intra-band contiguous CA
· Type 1-2) Intra-band non-contiguous CA
· Type 1-3) Inter-band CA
· Type 2) Dual connectivity

We believe the basic concept of each type above would be, Type 1-1 shares a single PA among multiple CCs, while all the other types do not share a PA among CCs (i.e., PA per CC). 
For transform precoder determination, we believe it should consider PA implementation above. For example, when multiple CCs share a single PA, applying different transform precoder across the multiple CCs does not make much sense from technical perspective since even if lower PAPR is achieved for only a part of CCs, the total PAPR characteristics will not be much improved after considering the remaining CCs. In the meanwhile, if PA is implemented per CC, then we’d believe PAPR characteristics should be considered per CC as well. In this case, flexible transform precoder usage per CC can provide some benefits to the whole system. 
With above in mind, we believe some differentiation of multi-CC operation type (e.g., based on the above classification) should be considered for specifying the support of DWS in case of multi-CC operation. The next question would then be how to express this direction in the specification. One simple way is to define DWS feature per FSPC (feature set per cell), by which a UE can report its support of DWS per CC per band per BC. This approach allows UE to decide in which case it supports DWS with the finest granularity. But it also has a drawback that much heavier UE capability reporting overhead will be required to report the support of DWS when a lot of CC/band/BC exist. Given the simplicity of DWS as a functionality, we are not sure if this feature really deserves such heavier overhead for UE capability reporting. 
Another approach, that we actually prefer, is to define the support of DWS based on the above classification of multi-CC operation type. For example, since per-CC PA can be assumed for single-CC operation, multi-CC operation type 1-2, 1-3 and Type 2, the support of DWS for all those cases can be declared based on a single capability reporting (i.e., Capability#1). For the remaining type (i.e., multi-CC operation type 1-1), while we prefer to merge it into Capability#1, we understand there could be some issues for implementation which could be specific to this type. Therefore, we think separate capability reporting can be considered for the type (i.e., Capability#2), that could be regarded as an advanced capability for DWS. For Capability#2, there are also possibilities to consider some specific restrictions, e.g., among the CCs the same transform precoder is always applied (when it is concerned in terms of implementation). 
Proposal 1: Support DWS when multiple UL CCs are configured for a UE
· Consider differentiation of multi-CC operation type (i.e., intra-band contiguous CA, intra-band non-contiguous CA, inter-band CA and DC) for the support of DWS when designing UE capability singalling, e.g., 
· For multi-CC types other than intra-band contiguous CA, the support of DWS can be reported by a common UE capability signalling, as well as for single-CC operation
· For intra-band contiguous CA, the support of DWS can be reported based on a separate capability signaling, in which additional restriction on transform precoder across CCs can also be considered

Moreover, RAN1 supports multi-carrier scheduling DCI (i.e., DCI format 0_3) in Rel-18 multi-carrier enhancement WI. Whether to support DWS in DCI 0_3 can also be discussed. In our view, since the benefit of DWS is valid irrespective of DCI formats, it would be reasonable to support DWS in DCI 0_3 as well. 
Regarding how to support DWS in DCI 0_3, our preference is to have multi-bit DWS indication, where each bit corresponds to each co-scheduled CCs since it is aligned with the previous discussion in MCE WI. During the discussion in MCE WI, RAN1 reviews all the existing DCI fields one by one, and decides whether to support a common field for all the co-scheduled CCs, or separate fields for each of the co-scheduled CCs. In our understanding, once the need of per-CC separate indication is identified, separate fields for each of the co-scheduled CCs are selected, although it results in DCI overhead. For DWS, since the coverage condition could be different in different CC, proper waveform could be different as well. Given that DCI overhead caused by 1 bit/CC DWS is relatively small, we think it is rather beneficial to have per-CC DWS bit. 
Meanwhile, MCE WI also discusses the possibility to support configurability between a common field and separate fields. While it was supported for particular DCI fields, our understanding is that such a way should be avoided as much as possible, considering UE implementation burden and specification effort. 
Proposal 2: Support DWS indication in DCI 0_3 (i.e., multi-carrier scheduling DCI)
· Prefer to have 1 bit per DCI format, i.e., common 1-bit for all the co-scheduled CCs, in a DCI 0_3

Another issue related to DCI field would be the configuration of FDRA/DMRS type. In Rel-17, there are three resource allocation types in frequency domain: type 0, type 1 and type 2. Type 0 is actually applicable to PUSCH with CP-OFDM only, while type 1 is applicable regardless of the applied waveform. Type 2 is intended for unlicensed band operation (i.e., interlaced mapping), which is also applicable regardless of the applied waveform. Similarly, DMRS type 2 is applicable to PUSCH with CP-OFDM only, while type 1 is applicable irrespective of waveform. For this issue, the following were agreed in RAN1#112bis-e:
	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.




As captured above, similar options can be considered for both issues: one is to restrict the relevant RRC configurations so that UE doesn’t need to implement special handling, and the other is not to restrict the RRC configurations, which imposes UE to support special handling for those RRC parameters. 
Both options can work for both FDRA type and DMRS type in our view, thus we are generally ok with either option. Meanwhile, in our understanding, the motivation of DWS feature is to dynamically (i.e., faster than RRC reconfiguration) switch waveforms between DFT-s-OFDM and CP-OFDM with keeping the benefits of each waveform as much as possible. If DWS feature causes some restrictions on the operation with CP-OFDM or DFT-s-OFDM, the motivation of DWS itself will become questionable. With that in mind, our preference is option 2 for both issues. For FDRA type, by configuring dynamic switching, even option 1 can avoid restricting RRC configuration; however, we would like to note that in Rel-15, the support of FDRA type 0 and the support of dynamic switching are separate UE capabilities. Assuming there may be some UEs which supports FDRA type 0 but does not support dynamic switching, option 1 for FDRA type eventually implies RRC configuration restriction even for PUSCH with CP-OFDM. 
In the meanwhile, we understand for both the issues above, views are not converging even after multiple rounds of the discussion in RAN1. In this case, we think at least DMRS type should support option 2, given that DMRS Type 2 is a mandatory capability in NR, and thus it can be assumed that NW already uses DMRS Type 2 depending on its own operation (e.g., in the scenario where MU scheduling is deemed necessary). 
Proposal 3: When dynamic waveform switching is configured, for FDRA type and DMRS type, support Option 2 (UE only uses resourceAllocation and dmrs-Type if CP-OFDM is indicated)
· If DFT-S-OFDM is indicated, UE applies type 1 resource allocation and DMRS type 1


3. Conclusion
Proposal 1: Support DWS when multiple UL CCs are configured for a UE
15. Consider differentiation of multi-CC operation type (i.e., intra-band contiguous CA, intra-band non-contiguous CA, inter-band CA and DC) for the support of DWS when designing UE capability singalling, e.g., 
1. For multi-CC types other than intra-band contiguous CA, the support of DWS can be reported by a common UE capability signalling, as well as for single-CC operation
1. For intra-band contiguous CA, the support of DWS can be reported based on a separate capability signaling, in which additional restriction on transform precoder across CCs can also be considered

Proposal 2: Support DWS indication in DCI 0_3 (i.e., multi-carrier scheduling DCI)
1. Prefer to have 1 bit per DCI format, i.e., common 1-bit for all the co-scheduled CCs, in a DCI 0_3

Proposal 3: When dynamic waveform switching is configured, for FDRA type and DMRS type, support Option 2 (UE only uses resourceAllocation and dmrs-Type if CP-OFDM is indicated)
1. If DFT-S-OFDM is indicated, UE applies type 1 resource allocation and DMRS type 1
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