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Introduction
In RAN#94e meeting, a new Rel-18 WI on further coverage enhancement was approved and updated in [1]. One of the objectives of this WI is to improve PRACH coverage.
· Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)
The following agreements were made in the RAN1#114 meeting [2].
Agreement
Support following enhancement to assist the scheduler in determining waveform switching:
· Reporting of power headroom information for an assumed PUSCH using target waveform different from waveform of actual PUSCH. 
· Note: Any MAC CE related design is up to RAN2
· Subject to separate UE capability 
· Details FFS.
Conclusion (Made in RAN#100, RP-231498)
RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel-18 UL Coverage enh WI
Send LS to inform above agreement and conclusion.

Agreement
Draft LS R1-2308364 is endorsed in principle.
Agreement
Final LS R1-2308376 is endorsed.

Agreement
Introduce two new RRC parameters for configuration of DWS field in DCI formats 0_1/0_2:
· Value range is {enabled, disabled} for each of DCI format 0_1 and DCI format 0_2:
· “enabled” means that DWS field is present in the DCI format and UE follows DWS field.
· “disabled means that DWS field is not present and UE follows legacy parameter (transformPrecoder) when scheduled using the DCI format.

Agreement
For reporting of power headroom information for assumed PUSCH using target waveform different from waveform of actual PUSCH, support the following:
· Power headroom information for assumed PUSCH is based on an actual PUSCH transmission.
· In case of no actual PUSCH transmission on a serving cell, power headroom information for assumed PUSCH is not supported.
· DWS field needs to be configured for at least one DCI format for the BWP of the actual PUSCH, otherwise power headroom information for assumed PUSCH is not supported.
· If actual PUSCH transmission is with DFT-S-OFDM waveform, UE computes power headroom information of an assumed PUSCH with CP-OFDM waveform. If actual PUSCH transmission is with CP-OFDM waveform, UE computes power headroom information of an assumed PUSCH with DFT-S-OFDM waveform.
· All parameters that are used for the calculation of PCMAX,f,c(i), except waveform, are the same between assumed PUSCH and actual PUSCH.
· In case assumed PUSCH transmission is not supported for the parameters that are used for the calculation of PCMAX,f,c(i), power headroom information for assumed PUSCH is not computed or reported.
· Power headroom information for assumed PUSCH contains:
· PCMAX,f,c(i) of assumed PUSCH
· Accounting for applicable MPR, A-MPR and P-MPR for the assumed PUSCH.
· If UE reports power headroom information for assumed PUSCH in a PUSCH transmission, legacy PHR is also reported in the same PUSCH transmission.
· No consensus in RAN1 if the following applies or not: if UE reports legacy PHR in a PUSCH transmission, power headroom information for assumed PUSCH is also reported.
· Note: RAN endorsed the following at RAN#100: “RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel-18 UL Coverage enh WI” [RP-231498].
Send LS to RAN2 to inform above agreement.

Agreement
Draft LS R1-2308476 is endorsed in principle by adding above agreement.
Agreement
Final LS R1-2308477 is endorsed.

Agreement
Introduce a new RRC parameter under PHR-Config for configuration of reporting of power headroom information for an assumed PUSCH:
Value range is {enabled}

Agreement
Value “0” of dynamic waveform switching indicator field maps to transform precoding enabled.
Value “1” of dynamic waveform switching indicator field maps to transform precoding disabled.
In this contribution, we discuss the remaining issues of dynamic waveform switching and give our proposals.
Discussion on dynamic waveform switching
During the post RAN1#114 meeting email discussion, regarding how to capture the below agreements on dynamic waveform switching in TS38.212, companies had different views.
	Agreement 
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).
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


To align the DCI format size between C-RNTI and CS-RNTI, if dynamic wave switching is configured with enabled, the DCI size will increase 1 bit. The issue is how to capture this 1bit in configured grant type 2 activation DCI. There are two options to achieve this purpose.
· Option 1: Use 1 reserved bit in the transform precoder indicator information field.
The standard impacts of this option are shown below.
	-	Transform precoder indicator – 0 or 1 bit
-	1 bit if the higher layer parameter dynamicTransformPrecoderIndicationDCI-0-1 is configured to 'enabled '. and if the UE is configured to monitor For a DCI format 0_1 with CRC scrambled by C-RNTI , or CS-RNTI with the value indicated by new data indicator field is 1, or MCS-C-RNTI, where the bit value of 0 indicates that transform precoder is enabled and the bit value of 1 indicates that transform precoder is disabled.  For a DCI format 0_1 with CRC scrambled by CS-RNTI and the value indicated by new data indicator field is 0, the bit is reserved.  
	     -    0 bit otherwise.


· Option 2: similar handling as CS-RNTI to align the size with C-RNTI, 1bit with the value set to ‘0’ is inserted in the transform precoder indicator information field. The related specification is excerpted in the below table. 
For CRC scrambled by CS-RNTI, before UE decodes the NDI field, the transform precoder indicator field could be 1 bit or 0 bit which depends on the indicated value of the NDI field. If the value of the NDI field is equal to 1, then the transform precoder field is 1 bit; otherwise, the field should be 0 bit, but to align the size with C-RNTI, the field is changing to 1 bit with ‘0’. So, only after decoding the DCI and knowing the NDI value, it’s clear this 1 bit is for waveform indication or padding. 
	A UE does not expect that the bit width of a field in DCI format 0_1 with CRC scrambled by CS-RNTI is larger than corresponding bit width of same field in DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell. If the bit width of a field in the DCI format 0_1 with CRC scrambled by CS-RNTI is not equal to that of the corresponding field in the DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell, a number of most significant bits with value set to '0' are inserted to the field in DCI format 0_1 with CRC scrambled by CS-RNTI until the bit width equals that of the corresponding field in the DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell.


The standard impacts of Option 2 are shown in the below table.
	-	Transform precoder indicator – 0 or 1 bit
-	1 bit if the higher layer parameter dynamicTransformPrecoderIndicationDCI-0-1 is configured to 'enabled ' and if the UE is configured to monitor DCI format 0_1 with CRC scrambled by C-RNTI , or CS-RNTI with the value indicated by new data indicator field is 1, or MCS-C-RNTI, where the bit value of 0 indicates that transform precoder is enabled and the bit value of 1 indicates that transform precoder is disabled.  
-	0 bit otherwise.


Comparing the two options, Option 2 is more aligned with RAN1’s agreements. But Option 1 is straightforward. Option 1 is slightly preferred, but if no consensus can be reached, Option 2 is acceptable. 
In addition, for a DCI format 0_1 with CRC scrambled by SP-CSI-RNTI, 1 bit should be reserved in the transform precoder indication field to align the size with C-RNTI.
Proposal 1: The Transform precoder indicator information field in DCI format 0_1 is updated as follows
-	Transform precoder indicator – 0 or 1 bit
-	1 bit if the higher layer parameter dynamicTransformPrecoderIndicationDCI-0-1 is configured to 'enabled '. and if the UE is configured to monitor For a DCI format 0_1 with CRC scrambled by C-RNTI , or CS-RNTI with the value indicated by new data indicator field is 1, or MCS-C-RNTI, where the bit value of 0 indicates that transform precoder is enabled and the bit value of 1 indicates that transform precoder is disabled.  For a DCI format 0_1 with CRC scrambled by CS-RNTI and the value indicated by new data indicator field is 0, or for a DCI format 0_1 with CRC scrambled by SP-CSI-RNTI, the bit is reserved.  
-	0 bit otherwise.
Dynamic waveform switching for multiple UL carriers was discussed in the previous RAN1 meetings. Normally, for intra-band UL CA, two cells and associated gNBs are co-located. So, it’s hard for UE to transmit different waveforms at the same time. Considering ongoing RAN4 WI on intra-band non-collocated CA, RAN4 assumes UE has the capability to transmit with different waveforms on two carriers. Thus, it makes sense for UE to report whether the same waveform should be assumed on scheduled carriers for intra-band UL CA. If UE reports that the same waveform should be kept in UL CA, the waveform indicated in the dynamic waveform indication information field from each scheduling DCI should be the same; otherwise, it’s gNB scheduling error. For inter-band UL CA, as discussed in the last meeting, there is the case that two frequency bands are adjacent. It does not preclude the UE implementation to use one baseband to handle the signals from two frequency bands. UE can report whether the same waveform is assumed for inter-band UL CA as well.
Proposal 2: UE reports the capability of whether the same waveform should be assumed on scheduled carriers in intra-band and inter-band UL CA.
Regarding dynamic waveform switching in multi-carrier enhancements, multi-cell PUSCHs are scheduled with a single DCI, and different types of information fields are defined for DCI format 0_3. According to agreements made under multi-carrier enhancements WI, if the DWS field type is Type-1A field, then the 1-bit DWS field indicates the waveform of all the co-scheduled cells; if DWS field type is Type-1B field, the DWS field indicates the waveform of all the co-scheduled cells according to configured joint indication rule. If DWS field type is the Type-2 field, the field size of DWS is the number of scheduled cells, 1bit for each cell. Comparing these field types, the Type-1A field type doesn’t provide any benefits for DWS with the same waveform for all the scheduled carriers, Type -2 field type will increase the bit-filed size. Type-1B filed type could be a good compromise between the field size and the gain of DWS, such as the carriers in the same band will be indicated with the same waveform, then the carrier combinations are reduced, only 1-bit information is required for these carriers. In the end, the bit size of DWS field is reduced.
Proposal 3: Dynamic waveform switching is supported for a UE configured with multiple carrier scheduling, joint filed type, i.e., Type-1B, is applied to the dynamic waveform switching field in DCI format 0_3 to indicate the waveform of the co-scheduled cells.
Summary
In this contribution, we discuss the remaining issues of supporting dynamic waveform switching between DFT-s-OFDM and CP-OFDM, and have the following proposals:
Proposal 1: The Transform precoder indicator information field in DCI format 0_1 is updated as follows
-	Transform precoder indicator – 0 or 1 bit
-	1 bit if the higher layer parameter dynamicTransformPrecoderIndicationDCI-0-1 is configured to 'enabled '. and if the UE is configured to monitor For a DCI format 0_1 with CRC scrambled by C-RNTI , or CS-RNTI with the value indicated by new data indicator field is 1, or MCS-C-RNTI, where the bit value of 0 indicates that transform precoder is enabled and the bit value of 1 indicates that transform precoder is disabled.  For a DCI format 0_1 with CRC scrambled by CS-RNTI and the value indicated by new data indicator field is 0, or for a DCI format 0_1 with CRC scrambled by SP-CSI-RNTI, the bit is reserved.  
-	0 bit otherwise.	
Proposal 2: UE reports the capability of whether the same waveform should be assumed on scheduled carriers in intra-band and inter-band UL CA.
Proposal 3: Dynamic waveform switching is supported for a UE configured with multiple carrier scheduling, joint filed type, i.e., Type-1B, is applied to the dynamic waveform switching field in DCI format 0_3 to indicate the waveform of the co-scheduled cells.
[bookmark: _Ref523487962][bookmark: _Ref523653838]References
1. RP-221858, “Revised WID on Further NR coverage enhancements”, China Telecom
1. R1-2308802, “Report of RAN1#114 meeting”, ETSI MCC
1. R1-2308734, “Introduction of Rel-18 further NR Coverage enhancement”, Huawei



9/9
