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1. [bookmark: OLE_LINK14][bookmark: _Ref490222521][bookmark: OLE_LINK13]Introduction
In this contribution, we discuss remaining issues of supporting dynamic waveform switching (DWS) between DFT-s-OFDM and CP-OFDM as approved in [1], including following aspects:
· DWS of PUSCH scheduled by DCI 0-3,
· PHR enhancement for DWS,
· DWS for CG PUSCH retransmission,
· Other issues,
· RRC parameter list.
2. Discussions
2.1 DWS of PUSCH scheduled by DCI 0-3
In previous RAN1 meetings, following agreements and working assumptions have been made on the signaling of dynamic waveform indication. The working assumption is not confirmed and instead the single bit signaling is only agreed for indicating DWS of PUSCH transmissions with single TB.
	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.
Agreement
· Configuration of dynamic waveform switching indicator field, for a BWP, is separately configurable between DCI format 0_1 and DCI format 0_2.


The remaining issue is on whether PUSCH transmissions in multiple carriers should be indicated with DWS independently. In our view, for the case when multiple PUSCH transmissions are scheduled on different cells by single DCI, there’s no need to restrict the PUSCH transmissions to have same waveform in different cells as the legacy waveforms for those PUSCH transmissions are already independently configured by RRC. If there’s concern on the overhead of DCI due to one additional bit being required for indicating DWS in each serving cell, at least for inter-band serving cells, independent DWS signalings are needed.
Therefore, we have following proposal.
Proposal 1:
· Multiple bits are used to indicate DWS for PUSCH transmissions on different cells (at least for inter-band serving cells) scheduled by DCI0_3.
2.2 PHR enhancement for DWS
PHR enhancement for DWS was agreed to be supported based on following agreement made in RAN1 #114 meeting.
	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.

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.


As can be seen, it has been agreed that “RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel-18 UL Coverage enh WI” which means no new PHR triggering procedure is expected from RAN2 perspective. Therefore, whenever a legacy PHR is triggered and when DWS is enabled for the DCI scheduling a PUSCH carrying the PHR, the PHR of a different waveform should be calculated and reported in the same PUSCH transmission.
As is known, in current NR spec., PHR procedure is used to provide the serving gNB with a Type 1 power headroom, i.e. the difference between the nominal UE maximum transmit power and the estimated power for UL-SCH transmission per activated Serving Cell. 
According to section 7.7.1 of TS 38.213 v18.0.0, this Type 1 power headroom can be based on actual PUSCH transmission, which is calculated according to following formula,
[image: ][dB],
where , , , , ,  and  are defined in clause 7.1.1 of TS 38.213 v18.0.0.
Type 1 power headroom report can also be based on a reference format. In this case the PHR is virtual PHR, and for PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell , it is computed as
	[image: ] [dB]
where  is computed assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB. ΔTC = 0 dB. MPR, A-MPR, P-MPR and ΔTC are defined in TS 38.101-1, TS 38.101-2 and TS 38.101-3.
As can be seen, for actual PHR, it’s based on actual waveform since the  is derived according to the actual waveform dependent power reduction values defined in 38.101. While for virtual PHR, it does not depend on waveform since power reduction related parameters are assumed to be 0 dB for determination of  in the formula. Therefore, no matter how RAN2 defines the detailed MAC-CE for report of 2 PHRs of different waveforms, the RAN1 specification impact to support DWS is mainly to introduce the calculation of two Type 1 power headroom reports assuming both CP-OFDM and DFT-s-OFDM respectively when a Type 1 PHR reported is actual PHR, DWS is enabled for the scheduling DCI and the enhanced PHR report is enabled	. TP#1 in Table 1 is provided to capture this.
Proposal 2: 
· Introduce the calculation of two Type 1 power headroom reports assuming CP-OFDM and DFT-s-OFDM waveforms respectively when a Type 1 PHR reported is actual PHR, DWS is enabled for the DCI scheduling the PUSCH and the enhanced PHR report is enabled, according to TP #1 provided in table 1.

Table 1. TP #1 to 3GPP TS 38.213 v18.0.0 for capturing PHR enhancement when DWS is enabled
	[bookmark: _Toc12021458][bookmark: _Toc20311570][bookmark: _Toc26719395][bookmark: _Toc29894826][bookmark: _Toc29899125][bookmark: _Toc29899543][bookmark: _Toc29917280][bookmark: _Toc36498154][bookmark: _Toc45699180][bookmark: _Toc146214403]Reason for change：
Capturing PHR enhancement when DWS is enabled according to RAN1 agreement.
Summary of change:
Capturing PHR enhancement when DWS is enabled according to RAN1 agreement in section 7.7.1 of 38.213.
Consequences if not approved:
PHR enhancement when DWS is enabled is not captured in RAN1 specification and is not supported, which is against RAN1 agreement.
<----------------------------------------------------------- Start of TP ------------------------------------------------------------->
7.7.1	Type 1 PH report
If a UE determines that a Type 1 power headroom report for an activated serving cell is based on an actual PUSCH transmission then, for PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell , the UE computes the Type 1 power headroom report as 
 [dB]
where , , , , ,  and  are defined in clause 7.1.1. 
If the actual PUSCH transmission is scheduled by a DCI format with a “Transform precoder indicator” field of size not equal to 0 bit and if the higher layer parameter assumedPUSCHInfo is configured to 'enabled ', two Type 1 power headroom reports shall be calculated as described above assuming that transform precoding is applied and not applied respectively. 
If a UE is configured with multiple cells for PUSCH transmissions, where a SCS configuration  on active UL BWP  of carrier  of serving cell  is smaller than a SCS configuration  on active UL BWP  of carrier  of serving cell , and if the UE provides a Type 1 power headroom report in a PUSCH transmission in a slot on active UL BWP  that overlaps with multiple slots on active UL BWP , the UE provides a Type 1 power headroom report for the first PUSCH, if any, on the first slot of the multiple slots on active UL BWP  that fully overlaps with the slot on active UL BWP . If a UE is configured with multiple cells for PUSCH transmissions, where a same SCS configuration on active UL BWP  of carrier  of serving cell  and active UL BWP  of carrier  of serving cell , and if the UE provides a Type 1 power headroom report in a PUSCH transmission in a slot on active UL BWP , the UE provides a Type 1 power headroom report for the first PUSCH, if any, on the slot on active UL BWP  that overlaps with the slot on active UL BWP .
If a UE is configured with multiple cells for PUSCH transmissions and provides a Type 1 power headroom report in a PUSCH transmission with PUSCH repetition Type B having a nominal repetition that spans multiple slots on active UL BWP  and overlaps with one or more slots on active UL BWP , the UE provides a Type 1 power headroom report for the first PUSCH, if any, on the first slot of the one or more slots on active UL BWP  that overlaps with the multiple slots of the nominal repetition on active UL BWP .
For a UE configured with EN-DC/NE-DC and capable of dynamic power sharing, if E-UTRA Dual Connectivity PHR [14, TS 36.321] is triggered, the UE provides power headroom of the first PUSCH, if any, on the determined NR slot as described in clause 7.7.
If a UE is configured with multiple cells for PUSCH transmissions, the UE does not consider for computation of a Type 1 power headroom report in a first PUSCH transmission that includes an initial transmission of transport block on active UL BWP  of carrier  of serving cell , a second PUSCH transmission on active UL BWP  of carrier  of serving cell  that overlaps with the first PUSCH transmission if 
-	the second PUSCH transmission is scheduled by a DCI format in a PDCCH received in a second PDCCH monitoring occasion, and
-	the second PDCCH monitoring occasion is after a first PDCCH monitoring occasion where the UE detects the earliest DCI format scheduling an initial transmission of a transport block after a power headroom report was triggered 
or 
-	the second PUSCH transmission is after the first uplink symbol of the first PUSCH transmission minus T'proc,2=Tproc,2 where Tproc,2 is determined according to [6, TS 38.214] assuming d2,1 =1, d2,2=0, and with µDL corresponding to the subcarrier spacing of the active downlink BWP of the scheduling cell for a configured grant if the first PUSCH transmission is on a configured grant after a power headroom report was triggered.
If the UE determines that a Type 1 power headroom report for an activated serving cell is based on a reference PUSCH transmission then, for PUSCH transmission occasion  on active UL BWP  of carrier  of serving cell , the UE computes the Type 1 power headroom report as
	 [dB]
where  is computed assuming MPR=0 dB, A-MPR=0 dB, P-MPR=0 dB. TC = 0 dB. MPR, A-MPR, P-MPR and TC are defined in [8-1, TS 38.101-1], [8-2, TS 38.101-2] and [8-3, TS 38.101-3]. The remaining parameters are defined in clause 7.1.1 and, if ul-powerControl is not provided,  and  are obtained using  and p0-PUSCH-AlphaSetId = 0,  is obtained using pusch-PathlossReferenceRS-Id = 0, and . If ul-powerControl is provided,   and  are obtained by p0AlphaSetforPUSCH associated with the indicated TCI-State or TCI-UL-State,  is obtained by PL-RS associated with the indicated TCI-State or TCI-UL-State.
<-------------------------------- unchanged text omitted ------------------------------->


2.3 DWS for CG PUSCH retransmission
In RAN1 #110bis meeting, following agreement has been made on the support of DWS for different types of PUSCH transmissions.
	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).


However, in latest specification, CG PUSCH retransmission is not captured due to limited time during the RAN1#114 post email discussions on draft CR of 38.212 for this work item. TP#2 in Table 2 is provided to capture this.
Proposal 3: 
· Capture in 38.212 the support of DWS of CG PUSCH retransmissions, according to TP #2 provided in table 2.
Table 2. TP #2 to 3GPP TS 38.212 v18.0.0 for supporting DWS of CG PUSCH retransmissions
	[bookmark: _Toc19798776][bookmark: _Toc26467247][bookmark: _Toc29326608][bookmark: _Toc29327758][bookmark: _Toc36045948][bookmark: _Toc36046208][bookmark: _Toc36046354][bookmark: _Toc45209271][bookmark: _Toc51852445][bookmark: _Toc146106266]Reason for change：
Capturing the support of DWS of CG PUSCH retransmissions according to RAN1 agreement.
Summary of change:
Capturing the support of DWS of CG PUSCH retransmissions according to RAN1 agreement in section 7.3.1.1 of 38.212.
Consequences if not approved:
DWS of CG PUSCH retransmissions is not supported, which is against RAN1 agreement.
<----------------------------------------------------------- Start of TP ------------------------------------------------------------->
[bookmark: _Toc19798774][bookmark: _Toc26467245][bookmark: _Toc29326606][bookmark: _Toc29327756][bookmark: _Toc36045946][bookmark: _Toc36046206][bookmark: _Toc36046352][bookmark: _Toc45209269][bookmark: _Toc51852443][bookmark: _Toc146106264]7.3.1.1	DCI formats for scheduling of PUSCH 
<-------------------------------- unchanged text omitted ------------------------------->
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 ------------------------------->
[bookmark: _Toc29326609][bookmark: _Toc29327759][bookmark: _Toc36045949][bookmark: _Toc36046209][bookmark: _Toc36046355][bookmark: _Toc45209272][bookmark: _Toc51852446][bookmark: _Toc146106267]7.3.1.1.3	Format 0_2
<-------------------------------- unchanged text omitted ------------------------------->
-	Transform precoder indicator – 0 or 1 bit
-	1 bit if the higher layer parameter dynamicTransformPrecoderIndicationDCI-0-2 is configured to 'enabled ' and if the UE is configured to monitor DCI format 0_2 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 ------------------------------->


2.4 Other issues
In RAN1 #112bis-e meeting and RAN1 #113 meeting, following agreements have been made on some other issues related to DWS, including per BWP DWS, waveform for different FDRA or DMRS types.
	Agreement
· Dynamic waveform switching is configured separately for each BWP, within PUSCH-Config.
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.
Agreement
· Configuration of dynamic waveform switching indicator field, for a BWP, is separately configurable between DCI format 0_1 and DCI format 0_2.


It can be seen from the agreements that DWS will be supported per BWP, which means in some BWP the DWS is supported while in some BWP DWS may be not supported. Therefore, When BWP change is indicated by DCI, the waveform may be not expected to be changed in the target BWP which may even not support DWS. 
In legacy, waveform is also per BWP configured in PUSCH-Config. When BWP change is indicated by DCI, the RRC waveform in the target BWP may be already different from that configured in source BWP. In addition, it is not clear by the network on whether the RRC configured waveform in target BWP should be changed or not since it’s a first transmission in the target BWP. Therefore, we propose to not have waveform dynamically changed when BWP is changed. A TP #3 provided in Table 3 for this purpose.
Proposal 4:
· RRC configured waveform of target BWP should be applied for PUSCH transmission scheduled by DCI indicating BWP change, even if dynamic waveform switching is supported in the target BWP, according to TP#3 provided in Table 3.
Table 3. TP #3 to 3GPP TS 38.212 v18.0.0 for “Transform precoder indicator” field interpretation when BWP is switched
	Reason for change：
When BWP is changed, the target BWP may support or may not support DWS. Which target waveform in target BWP is not clear.
Summary of change:
UE ignores the DWS field in DCI when BWP is switched dynamically.
Consequences if not approved:
When BWP is changed, the target BWP may support or may not support DWS. Target waveform in target BWP to be applied by UE is not clear.
<----------------------------------------------------------- Start of TP ------------------------------------------------------------->
7.3.1.1	DCI formats for scheduling of PUSCH 
<-------------------------------- unchanged text omitted ------------------------------->
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, where the bit value of 0 indicates that transform precoder is enabled and the bit value of 1 indicates that transform precoder is disabled. If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part, the UE ignores this bit field.
-	0 bit otherwise.
<-------------------------------- unchanged text omitted ------------------------------->
7.3.1.1.3	Format 0_2
<-------------------------------- unchanged text omitted ------------------------------->
-	Transform precoder indicator – 0 or 1 bit
-	1 bit if the higher layer parameter dynamicTransformPrecoderIndicationDCI-0-2 is configured to 'enabled ' and if the UE is configured to monitor DCI format 0_2 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. If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part, the UE ignores this bit field.
-	0 bit otherwise.
<-------------------------------- unchanged text omitted ------------------------------->


Regarding the FDRA type and DMRS type, since in legacy FDRA type 0 and DMRS type 2 are not expected to be configured for DFT-s-OFDM, UE should not be expected to be configured with them at the same time. In addition to FDRA type and DMRS type, modulation type has similar issue since Pi/2 BPSK modulation is only supported for DFT-s-OFDM. To make it clear, such UE behaviour should be explicitly specified and we have following proposal.
Proposal 5:
· Specify that UE is not expected to be indicated to dynamically switch to DFT-s-OFDM when FDRA type 0 or DMRS type 2 are configured or to CP-OFDM when Pi/2 BPSK modulation is applied, according to TP#4, TP#5, TP#6 respectively.
Table 4. TP #4 to 3GPP TS 38.212 v18.0.0 for “Frequency domain resource assignment” field interpretation when DWS is configured
	Reason for change：
When DWS is enabled and a DFT-s-OFDM waveform is indicated, UE is not expected to received resource allocation type 0 configuration or indicated as resource allocation type 0 by FDRA field in DCI when resourceAllocation is configured as 'dynamicSwitch'.
Summary of change:
State that if "Transform precoder indicator" field indicates that transform precoder is enabled, the UE is not expected to be configured or indicated with resource allocation type 0.
Consequences if not approved:
Resource allocation type 0 may be configured together with DFT-s-OFDM which is not agreed. And in this case UE behavior is not clear.
<----------------------------------------------------------- Start of TP ------------------------------------------------------------->
7.3.1.1	DCI formats for scheduling of PUSCH 
<-------------------------------- unchanged text omitted ------------------------------->
7.3.1.1.2	Format 0_1
<-------------------------------- unchanged text omitted ------------------------------->

-	Frequency domain resource assignment – number of bits determined by the following, where  is the size of the active UL bandwidth part: 
-	If higher layer parameter useInterlacePUCCH-PUSCH in BWP-UplinkDedicated is not configured


-	 bits if only resource allocation type 0 is configured, where  is defined in Clause 6.1.2.2.1 of [6, TS 38.214], 


-	bits if only resource allocation type 1 is configured, or  bits if resourceAllocation is configured as 'dynamicSwitch'.
-	If resourceAllocation is configured as 'dynamicSwitch', the MSB bit is used to indicate resource allocation type 0 or resource allocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit value of 1 indicates resource allocation type 1. 

-	For resource allocation type 0, the  LSBs provide the resource allocation as defined in Clause 6.1.2.2.1 of [6, TS 38.214].

-	For resource allocation type 1, the  LSBs provide the resource allocation as follows:
-	For PUSCH hopping with resource allocation type 1:



-	 MSB bits are used to indicate the frequency offset according to Clause 6.3 of [6, TS 38.214], where  if the higher layer parameter frequencyHoppingOffsetLists contains two offset values and  if the higher layer parameter frequencyHoppingOffsetLists contains four offset values

-	 bits provide the frequency domain resource allocation according to Clause 6.1.2.2.2 of [6, TS 38.214]
-	For non-PUSCH hopping with resource allocation type 1:

-	 bits provide the frequency domain resource allocation according to Clause 6.1.2.2.2 of [6, TS 38.214]
If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and if resourceAllocation is configured as 'dynamicSwitch' for the indicated bandwidth part, the UE assumes resource allocation type 0 for the indicated bandwidth part if the bitwidth of the "Frequency domain resource assignment" field of the active bandwidth part is smaller than the bitwidth of the "Frequency domain resource assignment" field of the indicated bandwidth part.
If "Transform precoder indicator" field indicates that transform precoder is enabled, the UE is not expected to be configured or indicated with resource allocation type 0.
<-------------------------------- unchanged text omitted ------------------------------->
7.3.1.1.3	Format 0_2
<-------------------------------- unchanged text omitted ------------------------------->
-	Frequency domain resource assignment – number of bits determined by the following:
-	 bits if only resource allocation type 0 is configured, where  is defined in Clause 6.1.2.2.1 of [6, TS 38.214]
-	 bits if only resource allocation type 1 is configured, or  bits if resourceAllocationDCI-0-2-r16 is configured as 'dynamicSwitch', where   is the size of the active UL bandwidth part,  is defined as in clause 4.4.4.4 of [4, TS 38.211] and  is given by higher layer parameter resourceAllocationType1GranularityDCI-0-2. If the higher layer parameter resourceAllocationType1GranularityDCI-0-2 is not configured,  is equal to 1.
-	If resourceAllocationDCI-0-2-r16 is configured as 'dynamicSwitch', the MSB bit is used to indicate resource allocation type 0 or resource allocation type 1, where the bit value of 0 indicates resource allocation type 0 and the bit value of 1 indicates resource allocation type 1. 
-	For resource allocation type 0, the  LSBs provide the resource allocation as defined in Clause 6.1.2.2.1 of [6, TS 38.214].
-	For resource allocation type 1, the  LSBs provide the resource allocation as follows:
-	For PUSCH hopping with resource allocation type 1:
-	MSB bits are used to indicate the frequency offset according to Clause 6.3 of [6, TS 38.214], where  if the higher layer parameter frequencyHoppingOffsetListsDCI-0-2 contains two offset values and if the higher layer parameter frequencyHoppingOffsetListsDCI-0-2 contains four offset values
-	 bits provide the frequency domain resource allocation according to Clause 6.1.2.2.2 of [6, TS 38.214]
-	For non-PUSCH hopping with resource allocation type 1:
-	 bits provide the frequency domain resource allocation according to Clause 6.1.2.2.2 of [6, TS 38.214]
If "Bandwidth part indicator" field indicates a bandwidth part other than the active bandwidth part and if resourceAllocationDCI-0-2-r16 is configured as 'dynamicSwitch' for the indicated bandwidth part, the UE assumes resource allocation type 0 for the indicated bandwidth part if the bitwidth of the "Frequency domain resource assignment" field of the active bandwidth part is smaller than the bitwidth of the "Frequency domain resource assignment" field of the indicated bandwidth part.
If "Transform precoder indicator" field indicates that transform precoder is enabled, the UE is not expected to be configured or indicated with resource allocation type 0.
<-------------------------------- unchanged text omitted ------------------------------->



Table 5. TP #5 to 3GPP TS 38.214 v18.0.0 for DMRS type determination when DWS is configured
	[bookmark: _Toc11352161][bookmark: _Toc20318051][bookmark: _Toc27299949][bookmark: _Toc29673224][bookmark: _Toc29673365][bookmark: _Toc29674358][bookmark: _Toc36645588][bookmark: _Toc45810637][bookmark: _Toc137117180]Reason for change：
When DWS is enabled and a DFT-s-OFDM waveform is indicated, UE is not expected to have DMRS Type 2. This should be clarified in specification.
Summary of change:
State that If "Transform precoder indicator" field indicates that transform precoder is enabled in the DCI format according to [5, TS 38.212], dmrs-Type is not expected to be present.
Consequences if not approved:
Type 2 DMRS may be configured together with DFT-s-OFDM which is not agreed. And in this case UE behavior is not clear.
<----------------------------------------------------------- Start of TP ------------------------------------------------------------->
6.2.2	UE DM-RS transmission procedure
<-------------------------------- unchanged text omitted ------------------------------->
When transmitted PUSCH is scheduled by DCI format 0_1 with CRC scrambled by C-RNTI, CS-RNTI, SP-CSI-RNTI or MCS-C-RNTI, or corresponding to a configured grant, or being a PUSCH for Type-2 random access procedure,
-	for a configured-grant based PUSCH transmission in RRC_INACTIVE state, the UE is provided with a set of DM-RS port(s) by sdt-DMRSports. The DM-RS port for the PUSCH is determined by the mapping between SS/PBCH block(s) and a PUSCH occasion and the associated DM-RS resource as described in Clause 19.1 of [6, TS 38.213]. 
-	the UE may be configured with higher layer parameter dmrs-Type in DMRS-UplinkConfig, and the configured DM-RS configuration type is used for transmitting PUSCH in as defined in Clause 6.4.1.1 of [4, TS 38.211]. If "Transform precoder indicator" field indicates that transform precoder is enabled in the DCI format according to [5, TS 38.212], dmrs-Type is not expected to be present.
-	the UE may be configured with the maximum number of front-loaded DM-RS symbols for PUSCH by higher layer parameter maxLength in DMRS-UplinkConfig, or by higher layer parameter msgA-MaxLength in msgA-DMRS-Config,
-	if maxLength is not configured, single-symbol DM-RS can be scheduled for the UE by DCI or configured by the configured grant configuration, and the UE can be configured with a number of additional DM-RS for PUSCH by higher layer parameter dmrs-AdditionalPosition, which can be 'pos0', 'pos1', 'pos2', 'pos3'. 
-	if maxLength is configured, either single-symbol DM-RS or double symbol DM-RS can be scheduled for the UE by DCI or configured by the configured grant configuration, and the UE can be configured with a number of additional DM-RS for PUSCH by higher layer parameter dmrs-AdditionalPosition, which can be 'pos0' or 'pos1'. 
-	for MsgA PUSCH for Type-2 random access procedure the UE can be configured with a number of additional DM-RS for PUSCH by higher layer parameter msgA-DMRS-AdditionalPosition, which can be 'pos0', 'pos1', 'pos2', 'pos3' for single-symbol DM-RS or 'pos0', 'pos1' for double-symbol DM-RS.
-	and, the UE shall transmit a number of additional DM-RS as specified in Table 6.4.1.1.3-3 and Table 6.4.1.1.3-4 in -Clause 6.4.1.1.3 of [4, TS 38.211].
<-------------------------------- unchanged text omitted ------------------------------->



Table 6. TP #6 to 3GPP TS 38.214 v18.0.0 for pi/2 BPSK determination when DWS is configured
	Reason for change：
When DWS is enabled, even if RRC configured waveform is DFT-s-OFDM, a CP-OFDM waveform may be indicated in DCI, in this case pi/2 BPSK cannot be assumed in the MCS tables Table 6.1.4.1-1 and Table 6.1.4.1-2. However, in current spec., only RRC parameter is considered for determining whether pi/2 BPSK should be assumed in the MCS tables, which is wrong.
Summary of change:
Capture that if higher layer parameter tp-pi2BPSK is configured and if "Transform precoder indicator" field has 0 bit or indicates that transform precoder is enabled when the PUSCH transmission is scheduled by the DCI format with DWS enabled.
Consequences if not approved:
pi/2BPSK will be assumed in the MCS tables Table 6.1.4.1-1 and Table 6.1.4.1-2 as long as the RRC parameter tp-pi2BPSK is configured, which is wrong for case when DWS enabled and a CP-OFDM is indicated in DCI.
<----------------------------------------------------------- Start of TP ------------------------------------------------------------->
[bookmark: _Toc11352151][bookmark: _Toc20318041][bookmark: _Toc27299939][bookmark: _Toc29673213][bookmark: _Toc29673354][bookmark: _Toc29674347][bookmark: _Toc36645577][bookmark: _Toc45810622][bookmark: _Toc137117163]6.1.4.1	     Modulation order and target code rate determination
<-------------------------------- unchanged text omitted ------------------------------->
For Table 6.1.4.1-1 and Table 6.1.4.1-2, if higher layer parameter tp-pi2BPSK is configured and if "Transform precoder indicator" field has 0 bit or indicates that transform precoder is enabled when the PUSCH transmission is scheduled by the DCI format according to [5, TS 38.212], q = 1 otherwise q=2.
<-------------------------------- unchanged text omitted ------------------------------->



2.5 RRC parameter list
According to discussions in previous sections and the agreed consolidated RRC parameter list sent to RAN2 in the LS [2] agreed in RAN1 #114 meeting, following RRC parameter provided in Table 7 is needed for supporting dynamic waveform switching of PUSCH transmission scheduled by DCI 0_3.
Proposal 6:
· RAN1 to update the RRC parameter list for supporting DWS of PUSCH transmission scheduled by DCI0_3 via including the RRC parameter provided in Table 7.
Table 7. New RRC parameter for supporting DWS of PUSCH scheduled by DCI0_3
	Sub-feature group
	RAN2 Parent IE
	Parameter name in the spec
	New or existing?
	Description

	Dynamic waveform switching
	PUSCH-Config
	dynamicTransformPrecoderIndicationDCI-0-3
	New
	Configures whether the field "Transform precoder indicator" is present or not in DCI format 0_3. If the field is set to enabled, DWS field is present in DCI format 0_3 and UE follows DWS field. If the field is set to disabled, DWS field is not present in DCI format 0_3 and UE follows legacy parameter (transformPrecoder) when scheduled using DCI format 0_3.


3. [bookmark: _GoBack]Conclusion
In this contribution, we discuss remaining issues of supporting dynamic waveform switching between DFT-s-OFDM and CP-OFDM waveform, and have following proposals: 
Proposals 1 to 6:
· Multiple bits are used to indicate DWS for PUSCH transmissions on different cells (at least for inter-band serving cells) scheduled by DCI0_3.
· Introduce the calculation of two Type 1 power headroom reports assuming CP-OFDM and DFT-s-OFDM waveforms respectively when a Type 1 PHR reported is actual PHR, DWS is enabled for the DCI scheduling the PUSCH and the enhanced PHR report is enabled, according to TP #1 provided in table 1.
· Capture in 38.212 the support of DWS of CG PUSCH retransmissions, according to TP #2 provided in table 2.
· RRC configured waveform of target BWP should be applied for PUSCH transmission scheduled by DCI indicating BWP change, even if dynamic waveform switching is supported in the target BWP, according to TP#3 provided in Table 3.
· Specify that UE is not expected to be indicated to dynamically switch to DFT-s-OFDM when FDRA type 0 or DMRS type 2 are configured or to CP-OFDM when Pi/2 BPSK modulation is applied, according to TP#4, TP#5, TP#6 respectively.
· RAN1 to update the RRC parameter list for supporting DWS of PUSCH transmission scheduled by DCI0_3 via including the RRC parameter provided in Table 7.
References
1. [bookmark: _Ref115249507]RP-221858, Revised WID on Further NR coverage enhancements, 3GPP TSG RAN Meeting #96, Budapest, Hungary, June 6th – 9th, 2022.
1. [bookmark: _Ref146565241]R1-2308674, LS on Rel-18 higher-layers parameter list, RAN WG1, 3GPP TSG RAN WG1 Meeting #114, Toulouse, France, August 21st - 25th, 2023.
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