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Introduction
One objective of the R18 coverage enhancement work item [1] is:
Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM
In RAN2#123, RAN1 sent LS to RAN2 on power headroom information for assumed PUSCH when dynamic waveform switching (DWS) is configured [1, 2]. RAN1 agreed to the following on details of power headroom information for assumed PUSCH:
	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

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.



This contribution addresses how to capture the above R1 agreements to report PCMAX for both waveforms.
Discussion
[bookmark: _Hlk134533414]For an actual PUSCH transmission operating with a DFT-S-OFDM waveform, the UE can compute the PCMAX and power headroom information of an assumed PUSCH for a CP-OFDM waveform, and visa-versa. All parameters, excluding waveform, incorporated in the calculation of PCMAX are retained to be identical between the assumed PUSCH and the actual PUSCH.
Per the R1 agreement “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.”, the assumed PUSCH may not be applicable in some cases, including when the PUSCH has a transmission of rank > 1.

Observation 1: 	the computation of  PCMAX for the assumed PUSCH is not be applicable when the PUSCH has a transmission of rank > 1.

	Alternative
	Advantages
	Disadvantages

	A. Reuse an existing PHR MAC CE (e.g. enhance single entry PHR MAC CE):
- A reserved bit can be used to indicate additional PCMAX octet, as the MAC CE is variable in size
- if DWS is configured, UE reports PCMAX for assumed PUSCH in addition to the legacy PHR in the same MAC CE.
	1- reuses existing triggers and procedure for generating and reporting the MAC CE.
2- less specification effort, though still requires specifying obtaining PCMAX value from PHY for the assumed PUSCH.
	1- changing the PHR MAC CE can be complicated and would change its intended use.
2- a spare R bit only exists for the enh single entry PHR MAC CE, thus reporting PCMAX for DWS is limited to the single carrier case. Multiple entry MAC CE doesn’t have spare R bit per cell.
3- the frequency of reporting of legacy PHR and assumed PUSCH PCMAX are coupled. 
4- The modified PHR can delay the legacy PH transmission if the grant doesn’t have enough space to include it.

	B. Introduce a new enhanced PHR MAC CE format:
- New format contains PCMAX for assumed PUSCH in addition to the information of legacy PHR in the same MAC CE.
- if DWS is configured, UE reports according to this PHR MAC CE for any triggered PHR.
	1- reuses existing triggers and procedure for generating and reporting the MAC CE.
2- can be designed for multiple cells case.
	1- requires a separate eLCID.
2- the frequency of reporting of legacy and PCMAX for assumed PUSCH are coupled.
3- The expanded PHR format can delay the legacy PH transmission if the grant doesn’t have enough space to include it.

	C. Introduce a new MAC CE:
- New MAC CE contains PCMAX for assumed PUSCH only.
- Triggered when DWS is configured and any PHR is triggered, and included in TB if the PCMAX for assumed PUSCH is valid and there is sufficient space in the UL grant.
	1- A new MAC CE can be configured with a separate LCP priority (e.g. lower than PHR MAC CE). This insures legacy PHR is transmitted when the grant is small.
2- can be designed for multiple cells case.
3- Allows for overhead optimization, e.g. such that the MAC CE is reported less frequently than PHR (i.e. not with every legacy PHR). 
4- MAC CE is not reported when the assumed PUSCH is not valid.
	1- Relies on PHR triggers for.
2- requires a separate eLCID.




Although RAN1 has not reached consensus on whether PCMAX is always reported for assumed PUSCH if legacy headroom is reported, it is apparent that there will be some cases where PCMAX for assumed PUSCH is not reported with legacy headroom (e.g. when it is not valid such as explained in observation 1). Option C (Introduce a new MAC CE) is best option, given the MAC CE can be multiplexed only when the computation of PCMAX for the assumed PUSCH computation is valid. It also has more advantages over other options, as explained in the table above. If a new MAC CE is not desired by RAN2, it is preferred to introduce a new enhanced PHR MAC CE format. 
Proposal 1: 	Introduce a new DWS MAC CE for reporting PCMAX for assumed and non-assumed PUSCH transmissions. If a new MAC CE isn’t preferred by R2, introduce a new enhanced PHR MAC CE format with a separate eLCID.
For the procedure for triggering the multiplexing of such DWS MAC CE (or the new PHR format), instead of defining new triggers, one can rely on existing PHR triggers. To simply, it is sufficient to include such MAC CE only if a PHR is triggered. As long as a PHR is triggered, DWS is configured, and PCMAX for the assumed PUSCH can computed by lower layers, the UE can instruct the multiplexing and assembly entity to generate a new DWS MAC CE. Any other reporting/triggering restrictions can be left for further study.
Proposal 2: 	If DWS is configured and assumed PUSCH can be obtained by lower layers, the UE reports the new DWS MAC CE (or the new PHR format) for any triggered PHR. 
To ensure that the legacy PH transmission is not delayed if the grant doesn’t have enough space to include it, the LCP priority of the new DWS MAC CE is lower than the LCP priority of the PHR MAC CE. Per the R1 agreement, legacy PH is reported if PCMAX for assumed PUSCH is reported, but not there is not requirement for the opposite. Thus, it is okay if the PUSCH transmission only includes the legacy PHR when the grant is not big enough, and the new MAC CE is generated only if the grant is can accommodate both MAC CEs. 
Proposal 3: 	The LCP priority of the new DWS MAC CE is lower than the LCP priority of the PHR MAC CE. 
Proposal 4: 	The DWS MAC CE is generated only if there is sufficient space in the UL grant to accommodate both legacy PHR MAC CE and DWS MAC CE.
In order to further simply the design and reduce overhead, inclusion of PCMAX information for assumed PUSCH can be applicable only when twoPHRmode is not configured. TwoPHRmode requires a PCMAX value per TPR already for each TRP.
Proposal 5: 	DWS MAC CE (or the new PHR format) is not reported if twoPHRmode is configured.
Conclusion
This contribution addresses capturing R1’s agreement on reporting headroom for CP-OFDM and DFT-s-OFDM waveforms when dynamic waveform switching is configured. The following observations and proposals are provided:
Observation 1: 	the computation of  PCMAX for the assumed PUSCH is not be applicable when the PUSCH has a transmission of rank > 1.
Proposal 1: 	Introduce a new DWS MAC CE for reporting PCMAX for assumed and non-assumed PUSCH transmissions. If a new MAC CE isn’t preferred by R2, introduce a new enhanced PHR MAC CE format with a separate eLCID.
Proposal 2: 	If DWS is configured and assumed PUSCH can be obtained by lower layers, the UE reports the new DWS MAC CE (or the new PHR format) for any triggered PHR. 
Proposal 3: 	The LCP priority of the new DWS MAC CE is lower than the LCP priority of the PHR MAC CE. 
Proposal 4: 	The DWS MAC CE is generated only if there is sufficient space in the UL grant to accommodate both legacy PHR MAC CE and DWS MAC CE.
Proposal 5: 	DWS MAC CE (or the new PHR format) is not reported if twoPHRmode is configured.
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