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1. Introduction
In RAN#96e, a revised WID [1] for Rel-18 WI “Further NR Coverage Enhancements” was approved with the following objectives related to RAN1 WG: 
	· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.
·  Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)
·  Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)



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. Meanwhile, 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 1: Support DWS indication in DCI 0_3 (i.e., multi-carrier scheduling DCI)
· Prefer to have 1 bit per co-scheduled CC in a DCI 0_3

Other than non-fallback DCI and DCI format 0_3, RAN1 reached the following outcomes so far: 
	Conclusion
There is no consensus to support “Dynamic waveform switching to PUSCH transmissions with a Type 2 configured grant” in R18.

Agreement
Dynamic waveform switching in R18 is not applicable to PUSCH transmissions with a Type 1 configured grant.

Conclusion
For PUSCH transmission scheduled by C-RNTI with DCI format 0_0, UE considers transform precoding enabled or disabled according to msg3-transformPrecoder as in legacy.



With above, in Rel-18, DWS is not applicable to Type 1/2 CG PUSCH transmission, or PUSCH transmission scheduled by DCI format 0_0 with CRC scrambled by C-RNTI. The remaining case on the table is DCI format 0_0 with CRC scrambled by TC-RNTI. 
In our view, DCI 0_0 addressed by TC-RNTI is mainly used during initial access procedure, where capability reporting is not yet available for NW side. In order to support DWS for the DCI, how to report the support during initial access should be considered jointly. There are some schemes to achieve it in Rel-17, e.g., early identification based on RO/PRACH preamble supported for RedCap, Msg3 repetition, etc. Reusing this scheme may be considered; however, we would like to point out that this scheme basically requires either configurations of more ROs, or collision of PRACH transmissions from different UEs intending different purposes. Given that RRC-based waveform switching is still available for DCI 0_0 addressed by TC-RNTI, we do not believe the support of DWS for that type of DCI really deserve the expected cons.
Proposal 2: No need to support DWS for DCI format 0_0 with CRC scrambled by TC-RNTI

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. 
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

Regarding RRC configuration, RAN1 agreed the following in RAN1#112bis-e:
	Agreement
For configuration of 1-bit dynamic waveform switching indication in DCI format 0_1/0_2 per a carrier, downselect between following options:
· Option 1: Separate configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.
· Option 2: Common configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.




Now that larger DCI size shall always be considered when DWS is configured, whether to allow such DCI overheads can be determined based on independent policy between DCI 0_1 and DCI 0_2, given that the motivation of DCI 0_2 is to minimize DCI overhead to improve reliability of the DCI. Therefore, we believe option 1 is straightforward. 
Proposal 4: Support separate configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2

There was also a discussion on potential PHR enhancement, where the following outcomes are obtained so far:
	Agreement
Study the necessity of the following potential enhancements to assist the scheduler in determining waveform switching:
· Reporting power headroom related information based on PCMAX,f,c applicable to a target waveform 
· Target waveform can be same or different from waveform of an actual PUSCH transmission
· FFS target RB allocation and/or target modulation order can be same or different from respective properties of an actual PUSCH transmission 
· FFS determination of target waveform, target RB allocation, target modulation order
· FFS details, e.g. report PCMAX,f,c or Type 1 power headroom for a waveform, or difference thereof between waveforms
· PHR triggering enhancements, e.g.
· Network-triggered PHR
· PH becomes lower (higher) than a threshold
· PHR triggered by waveform switching
· Reporting of recommended waveform or request to switch waveform
· Other solutions not precluded

Agreement
For potential enhancements to assist the scheduler in determining waveform switching, RAN1 to select 1 from the following options:
· Option 1: Reporting of power headroom information for a reference PUSCH using target waveform different from waveform of actual PUSCH.
· Details FFS.
· Note: reporting PH information for both waveforms is not precluded.
· Note: additional trigger for PH for reference PUSCH is not precluded.
· Option 2: New trigger of power headroom report based on waveform switching event.
· Details FFS.
· Option 3: Both Option 1 and Option 2.
· Details FFS.
· Option 4: No enhancement.




For this issue, we think it would be good to identify the case where DWS feature is really beneficial (compared with RRC-level waveform switching). For example, given more DCI overhead is required when DWS is configured (irrespective of the actual waveform indication), we can see quite some cases where just to configure DFT-S-OFDM is more reasonable, e.g., when UE is located around cell-edge, etc. Meanwhile, CP-OFDM has some benefits compared with DFT-S-OFDM, e.g., flexibility on frequency domain resource allocation. Considering that, we believe the main use case for DWS feature will be for UE located “not very far” from cell center, so that the benefits of both waveforms can be achieved depending on the exact conditions. 
Another aspect is that, while DFT-S-OFDM is generally known as “PA friendly” technique, how exactly beneficial it is in terms of PAPR performance is not clearly known to gNB. It is because that MPR required by RAN4 specification just defines the maximum allowed back-off, not actual back-off. It means that, depending on UE implementation in terms of MPR, the performance difference between CP-OFDM and DFT-S-OFDM may or may not be significant. This also affects how much DWS is beneficial for a UE. 
The current PHR can carry the information of “concurrent” power budget. Thus, it may help gNB know the UE’s concurrent situation (e.g., pathloss that UE encounters), while not very informative to know UE implementation on MPR. With that, it is currently difficult for NW to understand the exact performance difference between different waveform configurations. 
Based on the analysis above, we prefer to enhance PHR. Our best preference is Option 1 captured in the agreement, that is, reporting of PH information considering both waveforms. We believe it is simpler and more informative. Meanwhile, we are also ok to consider another reporting metric, e.g., actual MPR difference achieved by UE implementation. Since this is rather related to UE implementation, this may not require even PHR enhancement, instead, just to define UE capability reporting may be sufficient. 
Proposal 5: Support UE reporting enhancement to assist the scheduler in determining dynamic waveform switching, such as PHR reporting
· E.g., reporting two PHR values, one for CP-OFDM and the other for DFT-S-OFDM, or actual MPR difference between waveforms

3. Conclusion
Proposal 1: Support DWS indication in DCI 0_3 (i.e., multi-carrier scheduling DCI)
1. Prefer to have 1 bit per co-scheduled CC in a DCI 0_3

Proposal 2: No need to support DWS for DCI format 0_0 with CRC scrambled by TC-RNTI

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

Proposal 4: Support separate configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2

Proposal 5: Support UE reporting enhancement to assist the scheduler in determining dynamic waveform switching, such as PHR reporting
· E.g., reporting two PHR values, one for CP-OFDM and the other for DFT-S-OFDM, or actual MPR difference between waveforms
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