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1. Introduction
Two UL waveforms, DFT-S-OFDM and CP-OFDM, have been supported in NR since Rel-15. Thanks to its low PAPR property, DFT-S-OFDM has lower maximum UE output power reduction (MPR) and is considered as a method to improve UL coverage. As is agreed in further NR coverage enhancement work item[1], coverage enhancements include: 
· Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)
[bookmark: _Hlk146205458][bookmark: OLE_LINK8]Based on the Rel-18 CR [2] and LS [3], in this contribution, we discuss the remaining issues, including the impact of UL CA on dynamic waveform switching and the impact of CA/DC on PHR reporting for assumed PUSCH transmission, and provide text proposal.
2. Discussion
2.1 [bookmark: _Toc142569438][bookmark: _Toc142658236][bookmark: _Toc142569439][bookmark: _Toc142658237][bookmark: _Toc142569440][bookmark: _Toc142658238][bookmark: _Toc142569441][bookmark: _Toc142658239][bookmark: _Toc142569442][bookmark: _Toc142658240][bookmark: _Toc142569443][bookmark: _Toc142658241][bookmark: _Toc142569444][bookmark: _Toc142658242][bookmark: _Toc142569445][bookmark: _Toc142658243][bookmark: _Toc142569446][bookmark: _Toc142658244][bookmark: _Toc142569447][bookmark: _Toc142658245][bookmark: _Toc142569448][bookmark: _Toc142658246][bookmark: _Toc142569449][bookmark: _Toc142658247][bookmark: _Toc142569450][bookmark: _Toc142658248][bookmark: _Toc142569451][bookmark: _Toc142658249][bookmark: _Toc142569452][bookmark: _Toc142658250][bookmark: _Toc142569453][bookmark: _Toc142658251][bookmark: _Toc142569454][bookmark: _Toc142658252][bookmark: _Toc142569455][bookmark: _Toc142658253][bookmark: _Toc142569456][bookmark: _Toc142658254][bookmark: _Toc142569457][bookmark: _Toc142658255][bookmark: _Toc142569458][bookmark: _Toc142658256][bookmark: _Toc142569459][bookmark: _Toc142658257][bookmark: _Toc142569460][bookmark: _Toc142658258][bookmark: _Toc127532703][bookmark: _Toc127532747][bookmark: _Toc127533421][bookmark: _Toc127532705][bookmark: _Toc127532749][bookmark: _Toc127533423][bookmark: _Toc134697838][bookmark: _Toc135039636][bookmark: _Toc134697839][bookmark: _Toc135039637][bookmark: _Toc134697840][bookmark: _Toc135039638][bookmark: OLE_LINK9][bookmark: _Toc127532609][bookmark: _Toc127532714][bookmark: _Toc127532755][bookmark: _Toc127533429][bookmark: _Toc127532427][bookmark: _Toc127532611][bookmark: _Toc127532820][bookmark: _Toc127532846]Impact of UL CA on dynamic waveform switching
[bookmark: _Toc142569466][bookmark: _Toc142658272][bookmark: _Toc142658285][bookmark: _Toc142569470][bookmark: _Toc142658276][bookmark: _Toc142658289][bookmark: _Toc142569471][bookmark: _Toc142658277][bookmark: _Toc142658290][bookmark: _Toc142569472][bookmark: _Toc142658278][bookmark: _Toc142658291][bookmark: _Toc131766969]Reason for change in TS 38.213 v18.0.0
Dynamic waveform switching from CP-OFDM to DFT-S-OFDM improves UL coverage because of higher PUSCH transmission power after the switching. In single-carrier case, a coverage-limited UE may transmit PUSCH at its maximum output power, PCMAX. After waveform switching, its PUSCH transmission power can increase by an amount as large as the increase of PCMAX. This, however, may not hold in UL CA case, where multiple simultaneous UL transmissions share PCMAX.
As shown in Figure 1, we consider a simplified example of inter-band UL CA, where two simultaneous PUSCH transmissions in the two bands are of the same priority in terms of power allocation. Other possible UL transmissions and other carriers are not illustrated. PUSCH transmission power on CC2 at time occasion 0 reaches PCMAX,2(0). After detecting UL coverage issue in CC2, gNB switches its waveform from CP-OFDM to DFT-S-OFDM. However, at transmission occasion 1, the total UE transmit power on two carriers would exceed  the linear value of PCMAX(1), and the UE applies transmission power reduction. With legacy rules, given the two PUSCH transmission are of the same priority, after power reduction, power increase on CC2 after waveform switching would be smaller than PCMAX,2 increase. 
The reason is that dynamic waveform switching is not a factor of power allocation. There is no guarantee that PUSCH transmission power increase or coverage enhancement caused by dynamic waveform switching in UL CA case would be on par with single-carrier case. This drawback for UL CA, however, can be mitigated, if dynamic waveform switching is considered as a factor of power allocation.
[image: ]
Figure 1, PUSCH transmission power allocation with dynamic waveform switching in the case of UL CA
Summary of change in TS 38.213 v18.0.0
Among the transmissions of the same priority order, prioritize PUSCH with dynamic waveform switching from CP-OFDM to DFT-S-OFDM in UE power allocation.
	7.5	Prioritizations for transmission power reductions







[bookmark: _Hlk149926637]For single cell operation with two uplink carriers or for operation with carrier aggregation, if a total UE transmit power for PUSCH or PUCCH or PRACH or SRS transmissions on serving cells in a frequency range in a respective transmission occasion  would exceed , where  is the linear value of  in transmission occasion  as defined in [8-1, TS 38.101-1] for FR1 and [8-2, TS38.101-2] for FR2, the UE allocates power to PUSCH/PUCCH/PRACH/SRS transmissions according to the following priority order (in descending order) so that the total UE transmit power for transmissions on serving cells in the frequency range is smaller than or equal to  for that frequency range in every symbol of transmission occasion . 
[omitted]
-	PRACH transmission on the PCell
-	PUCCH transmission with HARQ-ACK information and/or SR or PUSCH transmission with HARQ-ACK information
-	PUCCH transmission with CSI or PUSCH transmission with CSI
-	PUSCH transmission without HARQ-ACK information or CSI
-	SRS transmission, with aperiodic SRS having higher priority than semi-persistent and/or periodic SRS, or PRACH transmission on a serving cell other than the Pcell 
In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for transmissions on the primary cell of the MCG or the SCG over transmissions on a secondary cell. In case of same priority order and for operation with two UL carriers, the UE prioritizes power allocation for transmissions on the carrier where the UE is configured to transmit PUCCH. If PUCCH is not configured for any of the two UL carriers, the UE prioritizes power allocation for transmissions on the non-supplementary UL carrier. In case of same priority order and for operation with carrier aggregation, the UE prioritizes power allocation for a PUSCH transmission in a carrier scheduled by a DCI, which indicates transform precoding enabled, where the DCI scheduling the previous PUSCH transmission in the carrier indicates transform precoding not enabled.


Consequences if not approved

In the case of UL CA, when the total transmission power across carriers exceeds , coverage enhancement caused by dynamic waveform switching in UL CA case would be much smaller than single-carrier case. 
Proposal 1 [bookmark: _Toc146811925][bookmark: _Toc146811896][bookmark: _Toc146811926][bookmark: _Toc146811913][bookmark: _Toc146811943][bookmark: _Toc149653226][bookmark: _Toc142569474][bookmark: _Toc142658280][bookmark: _Toc142658293]Among the transmissions of the same priority order, prioritize PUSCH with dynamic waveform switching from CP-OFDM to DFT-S-OFDM in UE power allocation.
2.2 [bookmark: _Toc142658262][bookmark: _Toc142658263][bookmark: _Toc142658264][bookmark: _Toc142658265][bookmark: _Toc142658266][bookmark: _Toc142658267][bookmark: _Toc142658268][bookmark: _Hlk148531214]Impact of CA/DC on PHR reporting for assumed PUSCH
In the LS [2], a concern on the support of enhanced PHR reporting for assumed and non-assumed PUSCH transmissions in CA/DC case was raised. RAN2 would like to check with RAN1 if the PHR reporting for assumed PUSCH in CA/DC case may have any impact to RAN1’s design in addition to that for single carrier case.
· Introduce new DWS MAC CE for reporting PHR for assumed and non-assumed PUSCH transmissions (we will not introduce a separate MAC CE just containing the assumed PHR) – We will design this to support DC/CA scenario (can indicate this to RAN1 and let us know if this has any impact to their design)
If the RAN2 concern is about PHR reporting of an assumed PUSCH for a carrier without actual PUSCH transmission, the highlighted text in the RAN1 agreement in RAN1#114 as follows can solve it. If there is no actual PUSCH transmission on a carrier, a UE doesn’t report power headroom for assumed PUSCH for the carrier, and, in other words, it only reports legacy fields of PCMAX,f,c and power headroom based on reference PUSCH transmission for the carrier. From RAN1 standardization perspective, the support of enhanced PHR reporting for assumed and non-assumed transmissions in CA/DC case has no impact on RAN1 design in addition to that for single-carrier case.
	Agreement (RAN1#114)
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.
· [bookmark: OLE_LINK37]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.
· [bookmark: OLE_LINK36]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.


Proposal 2 [bookmark: _Toc149653227]Inform RAN2 that PHR reporting for assumed and non-assumed PUSCH transmissions in CA/DC case has no impact to RAN1’s design in addition to that of the single carrier case.
3. Summary
In this contribution, we have discussed issues, including the impact of UL CA on dynamic waveform switching and the impact of CA/DC on PHR reporting for assumed PUSCH transmission, and provide text proposal.
[bookmark: OLE_LINK3]Based on the discussion in the previous sections we propose the following:
Proposal 1	Among the transmissions of the same priority order, prioritize PUSCH with dynamic waveform switching from CP-OFDM to DFT-S-OFDM in UE power allocation.
Proposal 2	Inform RAN2 that PHR reporting for assumed and non-assumed PUSCH transmissions in CA/DC case has no impact to RAN1’s design in addition to that of the single carrier case.
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