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[bookmark: _Ref506539118]Introduction
At the RAN1#114 meeting, the following agreements were made regarding dynamic switching between DFT-s-OFDM and CP-OFDM waveform [1]:
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 the contribution, we present our views on remaining issues for dynamic switching between DFT-s-OFDM and CP-OFDM for PUSCH transmission. Our views on the remaining issues for PRACH coverage enhancement and power domain enhancement are described in our companion contributions [2] and [3], respectively. 
Discussion on dynamic waveform indication
Dynamic waveform switching for Msg3 transmission
At the RAN1#112b-e meeting, it was concluded that 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 [4]. Note that further discussion is needed on whether dynamic waveform switching can be applied for Msg3 PUSCH transmission and retransmission. 
In the existing specification, for Msg3 PUSCH initial transmission or retransmission, whether DFT-s-OFDM or CP-OFDM waveform is applied is determined according to configured parameter msg3-transformPrecoder. In Rel-17 NR coverage enhancement WI, repetition is supported for Msg3 PUSCH during 4-step RACH procedure, which mainly aims to improve the coverage. Note that for cell edge UEs that need coverage enhancement, it is expected that DFT-s-OFDM waveform can be employed so as to provide better coverage for Msg3 transmission. 
However, even for UEs with poor channel conditions, UE still needs to follow the cell-specifically configured parameter msg3-transformPrecoder to determine the waveform type. In case the network configures CP-OFDM waveform as default waveform type, this would certainly degrade the Msg3 performance for these UEs. 
To improve the reliability of Msg3 transmission, it may be more beneficial to incorporate each UE's specific channel conditions to determine the waveform type during the 4-step RACH procedure, rather than relying on cell-specific parameters. Hence, in our view, dynamic waveform switching enhancements, similar to those used for non-fallback DCI scheduled PUSCH transmissions, should also be applicable for both the initial transmission and retransmission of Msg3 PUSCH. More Specifically, for the initial transmission and retransmission of Msg3 PUSCH with repetition, the DFT-s-OFDM waveform is applied, regardless of the configuration of msg3-transformPrecoder. 
Proposal 1:
· For the initial transmission and retransmission of Msg3 PUSCH with repetition, DFT-s-OFDM waveform is applied, regardless of the configuration of msg3-transformPrecoder. 

Configuration of dynamic waveform switching
At the RAN1#112b-e meeting, two options were agreed for down-selection regarding the resource allocation of PUSCH when DFT-s-OFDM waveform is dynamically indicated in the DCI format 0_1 and 0_2 [4].  
· Option 1 (configuration restriction with error case handling):
· Option 2 (UE only uses resourceAllocation or dmrs-Type if CP-OFDM is indicated):
For Option 2, a default UE behaviour is defined when PUSCH is switched from CP-OFDM to DFT-s-OFDM waveform. In particular, when the DFT-s-OFDM waveform is indicated, the UE will apply Type 1 resource allocation and DMRS Type 1, and ignore any other configuration settings for resource allocation and DMRS type. While Option 2 offers some flexibility in configuring and scheduling PUSCH transmission, it may not be necessary since a well-designed gNB implementation would already provide valid configurations in the case of dynamic waveform switching. In addition, even with certain configuration restriction, e.g., when resource allocation type is configured as Type 1 resource allocation, no scheduling restriction for PUSCH transmission is expected as contiguous resource allocation is typically utilized. This same concept applies to DMRS type for the PUSCH transmission. 
Hence, in our view, Option 1 with configuration restriction and error case handling should be supported. In particular, for PUSCH resource allocation, UE does not expect resourceAllocation set to resourceAllocationType0. Further, if DFT-S-OFDM is indicated and resourceAllocation set to dynamicSwitch, UE does not expect MSB of FDRA field set to 0. For DMRS type, UE does not expect dmrs-Type to be set to type2. 
Proposal 2:
· For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, Option 1 (configuration restriction with error case handling) is supported for resource allocation and DMRS type. 

Dynamic waveform switching for multi-PUSCH scheduling 
At the RAN1#112b-e meeting, it was agreed that for UE configured with multi-PUSCH scheduling in time domain in a carrier, DCI format 0_1 supports 1-bit field for dynamic waveform switching indication. Further, when configured, 1-bit field indicates waveform for all scheduled PUSCH transmissions [4]. 
In Rel-18, multi-cell scheduling was introduced, where a single DCI can be used to schedule PUSCHs in different cells. The main motivation of multi-cell scheduling is to reduce PDCCH blocking probability. As PUSCH can be either scheduled by single cell scheduling or by multi-cell scheduling, the concept of dynamic waveform switching can be straightforwardly applied for multi-cell scheduling.  
Note that different types of DCI fields were introduced for multi-cell scheduling [5]. In particular, for Type-1A field, a single field indicates common information to all the co-scheduled cells; for Type-1B field, a single field indicates separate information to each of co-scheduled cells via joint indication; for Type-1C field, a single field indicates information to only one of co-scheduled cells; for Type 2 field, separate fields are included for each of the co-scheduled cells. 
For dynamic waveform indication, given that channel conditions for different carriers can be vastly different, it may not be desirable to consider Type-1A field for multi-cell scheduling. One straightforward option is to consider Type 2 field for dynamic waveform indication in the DCI format 0_3. In particular, separate dynamic waveform indication fields for each co-scheduled cell is included in the DCI format 0_3, which may achieve maximal flexibility on the selection of waveform for each co-scheduled cell. 
Proposal 3:
· Dynamic waveform switching is supported for DCI format 0_3 for multi-cell PUSCH scheduling. 
· Separate dynamic waveform indication fields for each co-scheduled cell are included in the DCI format 0_3. 

Dynamic waveform switching in case of BWP scheduling 
As defined in NR, BWP switching provides the main benefits of quickly adapting to channel conditions and improving throughput. At the RAN1#112b-e meeting, it was agreed that dynamic waveform switching is configured separately for each BWP, within PUSCH-Config [4]. In our view, it would be more appropriate to support dynamic waveform switching in conjunction with BWP switching. This would enable the device to dynamically adjust both the bandwidth and waveform based on the current channel conditions, leading to further improvements in performance and efficiency.
In the current NR specification, in case of BWP switching, UE firstly determines the DCI field size based on the current active BWP. Further, if the field size in the DCI is smaller than the field size determined for the indicated BWP, zero padding is used to interpret the DCI field. If the field size in the DCI is larger than the field size determined for the indicated BWP, truncation is applied to interpret the DCI field. 
In the context of BWP switching and dynamic waveform switching, if dynamic waveform switching is configured in the current BWP, UE may firstly determine the DCI field size of the current BWP based on the agreement for DCI field size alignment for dynamic waveform switching. After that, UE applies the existing mechanisms for DCI field size determination and interpretation for BWP switching. 
In cases where dynamic waveform switching is configured for the current BWP but not the target BWP, the UE will interpret the DCI field based on the configured waveform in the target BWP. Similarly, if dynamic waveform switching is configured for the target BWP but not the current BWP, the UE will assume a dynamic waveform indication field with bit "0" to interpret the DCI field for the target BWP.
Proposal 4:
· Dynamic waveform switching is supported in case of BWP switching.
· Existing mechanism for BWP switching can be reused. 

Bit field in the DCI format 0_1 and 0_2
In the draft CR for TS38.212, the following description of dynamic waveform switching field was captured [6]:

	-	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 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.



However, based on the following agreement that was made at the RAN#110b-e meeting, it is clear that dynamic waveform switching is also applied for the case of retransmission for CG-PUSCH, i.e., CS-RNTI with NDI=1. In this case, the description of dynamic waveform switching field in the DCI format 0_1 and 0_2 needs to be updated to capture the agreement. 

	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).



The following TP is proposed for dynamic waveform switching field in the DCI format 0_1 and 0_2:

	------------------------------   TP#1: TS 38.212 -----------------------------------
7.3.1.1.2	Format 0_1
< Unchanged text omitted >
-	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 MCS-C-RNTI or CS-RNTI with the value indicated by new data indicator field is 1, 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.
< Unchanged text omitted >



Proposal 5:
· Agree on TP#1 for dynamic waveform switching field description in the DCI format 0_1 and 0_2. 

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on remaining issues for dynamic switching between DFT-s-OFDM and CP-OFDM for PUSCH transmission. Further, we summarize the proposals as follows:
Proposal 1:
· For the initial transmission and retransmission of Msg3 PUSCH with repetition, DFT-s-OFDM waveform is applied, regardless of the configuration of msg3-transformPrecoder. 
Proposal 2:
· For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, Option 1 (configuration restriction with error case handling) is supported for resource allocation and DMRS type. 
Proposal 3:
· Dynamic waveform switching is supported for DCI format 0_3 for multi-cell PUSCH scheduling. 
· Separate dynamic waveform indication fields for each co-scheduled cell are included in the DCI format 0_3. 
Proposal 4:
· Dynamic waveform switching is supported in case of BWP switching.
· Existing mechanism for BWP switching can be reused. 
Proposal 5:
· Agree on TP#1 for dynamic waveform switching field description in the DCI format 0_1 and 0_2. 
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