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1 Introduction
[bookmark: _Hlk22834419]In RAN#96 a Rel-18 WID on Further NR coverage enhancements [1] was approved. One objective is “Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)”.
In RAN#100, the following was endorsed [2][3]:
RAN provide guidance to RAN1/2 on dynamic waveform switching objective as below
· RAN1 will decide whether to define any PHR enhancement for dynamic waveform switching and to provide the details to RAN2 by August meeting
· RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel-18 UL Coverage enh WI
Further, in RAN1#114 Agenda, the following guidance is provided for 9.12.3:
Consider additional RAN agreement from RAN#100 (RP-231498, proposal 2). RAN1 will make decision on whether to define any PHR enhancement for Rel-18 on the first day of RAN1#114.
This contribution discusses the remaining issues for dynamic waveform switching, included the PHR enhancement issue.
2 Discussion
2.1 Remaining issues
Applicability of dynamic waveform switching to Msg3 PUSCH 
For Msg3 PUSCH, the need for a dynamic waveform switching is questionable because the gNB may not be aware of UE experiencing different channel conditions and/or changes to its operating SINR. From a coverage perspective, the gNB would configure DFT-S-OFDM as the waveform for Msg3 PUSCH for robustness, and a mechanism to switch to CP-OFDM seems not useful.  It has been suggested that this feature can be useful when CP-OFDM is configured and Msg3 PUSCH transmission fails even if Msg3 repetitions are used. But for a UE in need of Msg3 repetitions, the gNB would not configure CP-OFDM and repetitions for Msg3. In addition, there is the difficulty that the UE capability of supporting dynamic waveform switching for Msg3 PUSCH is not known to gNB before UE is in connected mode, and designing the system to ensure that the gNB knows the UE capability during initial access would require an additional partition of PRACH resources and a large specification impact, which are both not desirable for the simple feature of dynamic waveform switching. Thus, introducing dynamic waveform switching for Msg3 PUSCH seems not to be needed. 
Proposal 1: Indication of dynamic waveform switching for Msg3 PUSCH is not supported.   

Handling of FDRA type/DMRS type
When dynamic waveform switching is applied, some configurations for FDRA type and DM-RS type are not correct because not all configurations are supported by both waveforms, e.g., FDRA type 0 and DMRS type 2 are not supported for DFT-S-OFDM. 
In RAN1#112bis-e the agreements below were achieved, and down selection is needed in this meeting. 
	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.



For a configuration that is set according to the configured waveform and is not applicable to the dynamically indicated waveform, the UE would interpret the configuration as if set to an applicable type. 
For the case that CP-OFDM is configured and DFT-S-OFDM is indicated, 
· if resourceAllocation is set to resourceAllocationType0, UE assumes resourceAllocationType1, and 
· if dmrs-Type is set to type2, UE assumes type1. 
For the case that DFT-S-OFDM is configured and CP-OFDM is indicated, there is no issue. 
Proposal 2: When CP-OFDM is configured and DFT-S-OFDM is indicated, 
· if resourceAllocation is set to resourceAllocationType0, UE assumes resourceAllocationType1, and 
· if dmrs-Type is set to type2, UE assumes type1.   

2.2 UE assistance information for dynamic waveform switching
CP-OFDM and DFT-S-OFDM have different PCMAX and the difference can depend on the UE implementation. To address this aspect, there have been several proposals on modifying PHR and the following FL proposal from RAN1#113. 
	FL proposal 3-2r3
For potential enhancements to assist the scheduler in determining waveform switching, RAN1 to select 1 from the following options:
· Option 1: Reporting of power headroom information for an assumed reference PUSCH using target waveform different from waveform of actual PUSCH. 
· 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.
· 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 with same parameters as actual PUSCH, power headroom information for assumed PUSCH is not computed or reported.
· Power headroom information for assumed PUSCH includes the following:
· PCMAX,f,c(i) of assumed PUSCH
· Accounting for applicable MPR, A-MPR and P-MPR for the assumed PUSCH.
· RAN1 assumes the following RAN2 impacts and design aspects to be decided by RAN2:
· Trigger/condition for reporting power headroom information for assumed PUSCH.
· Design of MAC CE(s) for the reporting of power headroom information for assumed PUSCH, including whether PCMAX,f,c(i) of assumed PUSCH is reported directly or as difference from PCMAX,f,c(i) of actual PUSCH.
· Whether power headroom information for assumed PUSCH and legacy Type 1 PH are reported together or not.
· Send LS to RAN2 (cc RAN4)

· Option 4: No enhancement. 




In the determination of PHR for an actual PUSCH, there are two components that are unknown to the gNB;  (due to MPR differences) and  (due to TPC accumulation errors) -  is known from RSRP reports. Basically, a PHR report for CP-OFDM and a PHR report for DFT-S-OFDM would differ due to the different  values cause by the different MPRs of the two WFs that can also depend on UE implementation aspects.  
[image: ] [dB]

The determination of  is described in clause 6.2.4 of TS 38.101.  needs to be between lower and upper bounds. For zero-MPR waveforms (WFs) such as DFT-S-OFDM and use of inner RBs (e.g. Table 6.2.2-1 of TS 38.133),  can reach the upper bound. Therefore, the only information required by a gNB is the MPR difference between CP-OFDM and DFT-S-OFDM for a given UE implementation (e.g. in case the UE performs PAPR reduction since the MPR values in TS 38.133 correspond to maximum backoff). Effectively, the UE would not be reporting an additional PHR for a WF but the MPR for CP-OFDM for the given PUSCH transmission which was previously discussed in RAN1 and was deemed unnecessary as, due to a number of reasons, MPR can materially vary among transmissions. 

Further, any PHR/MPR report is associated with a given PUSCH transmission having characteristics (e.g. rank or modulation, in addition to RB allocation) that are highly likely to change in subsequent PUSCH transmissions if conditions from the UE change enough for the scheduler to switch between CP-OFDM and DFT-S-OFDM. Therefore, any PHR for a PUSCH transmission prior to WF switching would not provide any useful additional information for determining a power for a PUSCH transmission after WF switching and is therefore unnecessary and detrimental. Also, without new triggering conditions, a UE that uses DFT-S-OFDM and is not coverage limited, will report PHR as usual (e.g. based on timers) which negates DCI-based WF switching as the gNB will not get timely information to switch to CP-OFDM. 

Observation 1: Providing PHR for two waveforms in a PUSCH transmission is practically equivalent to providing MPR for CP-OFDM based PUSCH transmission, is not useful additional information for determining a power for a PUSCH transmission after WF switching and is therefore unnecessary and detrimental.   


The MPR for CP-OFDM with QPSK is ≤ 1.5 dB (and is ≤ 2 dB for 16QAM – it is 0 in both cases for DFT-S-OFDM) for maximum (not necessarily actual) backoff. By assuming the mid-point, a gNB can be off by at most 0.75 dB (or 1 dB for 16QAM). Such difference has minimal impact for BLERs in the range of 10% as the curve is relatively flat (and, typically, even larger BLERs are operated at very low SINRs) and, for such differences and due to HARQ retransmissions, a resulting throughput loss is well known to be practically zero. Further, any impact would be limited to a short time as the gNB can eventually obtain PHR from a UE for the actual waveform, e.g. based on a periodic timer (even with a large value such as 100 msec). Additionally, the gNB can even obtain a transmission power difference from the DM-RS SINR in PUSCH transmissions before and after a WF switching – the gNB needs to do so only once and there is no impact on throughput. There is also no impactful change in fading or interference within a few msec to affect the DM-RS SINR measurements as, otherwise, CSI reporting and even scheduling and the DCI-based WF switching itself (including any PHR for a given PUSCH) would not be functional. 

Observation 2: There is no additional information needed by a gNB scheduler to avoid throughput loss when switching between CP-OFDM and DFT-S-OFDM.

Proposal 3: RAN1 does not continue discussion on PHR enhancements due to WF switching. 

2.3 RRC parameters
In RAN1#113 separate configurations for DCI formats 0_1 and 0_2 including the dynamic waveform switching field. Were agreed. Thus, the RRC parameter list should include separate parameters.  
	Agreement (RAN1#113)
Configuration of dynamic waveform switching indicator field, for a BWP, is separately configurable between DCI format 0_1 and DCI format 0_2.



Proposal 4: Add RRC parameters for separate configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.

Whether the DCI format scheduling the PUSCH transmission includes a field for the dynamic waveform indication depends on a configuration. For example, an RRC parameter for transform precoder can be set to {enabled, disabled, dynamic}, and the field dynamic can also indicate “DFT-S-OFDM” or “CP-OFDM”.
Proposal 5: Presence of the waveform indication field is a DCI format is configured by a higher layer parameter, e.g., transformPrecoder.

2.4 Other proposals
UCI multiplexing
DFT-S-OFDM is used for coverage limited scenario while CP-OFDM is used in good coverage scenario. If a PUCCH transmission overlaps with two PUSCHs with different waveforms, the UE would multiplex the UCI in the PUSCH with DFT-S-OFDM. The reliability of the UCI could be worse compared with the case where the UE multiplexes the UCI in the PUSCH with CP-OFDM. A similar scenario exists in legacy, where the waveform is semi-static configured and a serving cell with good coverage can be configured with a smaller priority index compared with a serving cell with poor coverage. Since we are targeting the scenario with channel conditions that can dynamically change for the serving cell, reusing legacy rules for UCI multiplexing may not ensure the reliability of the UCI when multiplexing in a PUSCH. Hence, it is necessary to consider the enhancement for UCI multiplexing in case the PUCCH overlaps with multiple PUSCHs with different waveforms. A simple solution could be prioritizing the PUSCH with CP-OFDM waveform for PUSCH determination.
Proposal 6: Prioritize PUSCHs with CP-OFDM for PUSCH determination of UCI multiplexing when a PUCCH overlaps with multiple PUSCHs with different waveforms.
3 Conclusion
This contribution discusses potential enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM. The proposals made in this contribution are summarized as below:
Proposal 1: Indication of dynamic waveform switching for Msg3 PUSCH is not supported.   

Proposal 2: When CP-OFDM is configured and DFT-S-OFDM is indicated, 
· if resourceAllocation is set to resourceAllocationType0, UE assumes resourceAllocationType1, and 
· if dmrs-Type is set to type2, UE assumes type1.   

Proposal 3: RAN1 does not continue discussion on PHR enhancements due to WF switching. 

Proposal 4: Add RRC parameters for separate configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.

Proposal 5: Presence of the waveform indication field is a DCI format is configured by a higher layer parameter, e.g., transformPrecoder.

Proposal 6: Prioritize PUSCHs with CP-OFDM for PUSCH determination of UCI multiplexing when a PUCCH overlaps with multiple PUSCHs with different waveforms.

In addition, the following observations are made.

Observation 1: Providing PHR for two waveforms in a PUSCH transmission is practically equivalent to providing MPR for CP-OFDM based PUSCH transmission, is not useful additional information for determining a power for a PUSCH transmission after WF switching and is therefore unnecessary and detrimental.   

Observation 2: There is no additional information needed by a gNB scheduler to avoid throughput loss when switching between CP-OFDM and DFT-S-OFDM.
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