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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#113 [1], the agreement on dynamic waveform switching for coverage enhancement was approved, which is given as follows. 
	Agreement
Configuration of dynamic waveform switching indicator field, for a BWP, is separately configurable between DCI format 0_1 and DCI format 0_2.

Agreement
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 a reference PUSCH using target waveform different from waveform of actual PUSCH. 
· Details FFS.
· Note: Any MAC CE related decision is up to RAN2
· Option 4: No enhancement.


2. Discussion on dynamic waveform switching
2.1 Indication signaling
2.1.1 Indication signaling
[bookmark: _Hlk114506090]New 1-bit field for dynamic waveform indication in R-18 is agreed by 3GPP TSG RAN WG1 #112-bis-e. It is preferred that the straightforward approach of using bit ‘0’ to indicate one waveform and bit ‘1’ to indicate the other waveform.
2.1.2 Configuration of FDRA and DMRS type
The configuration of FDRA and DMRS type should satisfy the requirement of DFT-S-OFDM, which requires following handlings.  
· Handling of FDRA type
Given that FDRA resource allocation type 0 is not feasible for DFT-S-OFDM, some alternatives to handle FDRA type configuration are required when dynamic waveform switching is configured. It was agreed last 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.


[bookmark: _Toc131693297]Both Option 1 and Option 2 can handle FDRA problem. 
For Option 1, the resourceAllocation only can be set to resourceAllocationType1 or dynamicSwitch even for CP-OFDM. The only way to enable CP-OFDM with type 0 is the MSB of FDRA field which is only applicable to the optional UE feature dynamicSwitch. Therefore, it does not reduce any UE implementation complexity but add unnecessary scheduling restriction to gNBs.  
For Option 2, the behavior of UEs that are indicated to use DFT-S-OFDM is predefined, they are required to ignore the value of resourceAllocation and apply type 1 resource allocation directly. 

Observation 1: In Option 1, using the MSB of FDRA field to indicate RA type requires that a gNB has to set resourceAllocation to dynamicSwitch, the flexibility of CP-OFDM applying type 0 or type 1 is still subject to an optional UE capability. In Option 2, type 1 resource allocation is directly applied to UEs that are indicated with DFT-S-OFDM.
Proposal 1: The Option 2 that UE applies type 1 resource allocation when DFT-S-OFDM is indicated and UE applies resource allocation according to resourceAllocation IE when CP-OFDM is indicated, should be supported.
· Handling of DMRS type 
Considering that DMRS type 2 is not supported for DFT-S-OFDM, the handling of DMRS type when dynamically waveform switching indication is configured are given:
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 Option 1, the dmrs-Type only can be set to type1 even for CP-OFDM. Since dmrs-Type cannot be set to type2, the maximum number of supported antenna port becomes small, which reduces user capacity and throughput. 
For Option 2, the behavior of UEs that are indicated to use DFT-S-OFDM is predefined, i.e. ignore the value of dmrs-Type and apply DMRS type 1. 

Observation 2: Option 1 reduces the maximum number of supported antenna port, reducing user capacity and throughput.  

Proposal 2: The Option 2 that UE applies DMRS type 1 when DFT-S-OFDM is indicated and UE applies DMRS type according to dmrs-Type IE when CP-OFDM is indicated, should be supported.


2.2 Waveform switching enhancements 

The difference of maximum transmission power between two waveforms is typically varying among different UEs. It closely depends on UE implementation. For example, the maximum transmission powers of two waveforms are very close to each other when UEs adopt the advanced techniques to reduce the PAPR of CP-OFDM, such as advanced clipping [2][3]. Some UEs can obtain 2-2.5 dB power boosting for the same modulation and 6 dB power boosting at most for the different modulation when switch waveform from CP-OFDM to DFT-s-OFDM [4]. The variation of power boosting is close to 6 dB. 
If gNB has information about power boosting, it can indicate proper indication of PRBs, MSC and transmit power control can make the best use of power change to improve performance as soon as possible. 
If gNB has no information about power boosting, it has to estimate power boosting. The estimation accurate is closely associated with the performance improvement of waveform switching. When gNB estimates a power larger than capability of UE, it could result in the failure of data transmission. To avoid data transmission outage, it’s the best choice for gNB to use conservative power estimation that is smaller than capability of UE to decide resource allocation, i.e., when switch CP-OFDM to DFT-s-OFDM use the same number of PRBs, MSC and transmission power control as CP-OFDM, when switch DFT-s-OFDM to CP-OFDM use the minimum power among history observations to decide the number of PRBs and MSC.
Compared to gNB has information about power boosting, it could result in performance degradation, which closely depends on the number of scheduled PUSCH transmission during the time interval between the waveform switching and the first PHR after waveform switching. Usually, during such time interval, more scheduled PUSCH transmissions means a larger performance loss.    

[image: ]
[bookmark: _Hlk126056270]Figure 1: Illustration of MCS selection and RB allocation strategies with and without power information to avoid data transmission outage when UE switches CP-OFDM to DFT-s-OFDM.  

[bookmark: _Hlk127455342]Figure 1 illustrates the strategies of MCS and RB allocation with and without power boosting information when switch CP-OFDM to DFT-s-OFDM. From Figure 1, with power boosting information, original MCS and suitable RB allocation could be indicated to achieve performance improvement. Without power boosting information, the original RB, original MCS are assigned to avoid communication outage due to overusing the increased power. It reduces the performance gain from power boosting until gNB knows the power headroom by PHR. To obtain performance gain from power boosting quickly, a timely PHR after waveform switching is very helpful, it limits the performance loss to occur only on the first scheduled PUSCH transmission. 

[image: ]
Figure 2: Illustration of MCS selection and RB allocation strategies with and without power information when UEs switch waveform from DFT-s-OFDM to CP-OFDM.  

Figure 2 illustrates the strategies of MCS and RB allocation with and without power reduction information when switch DFT-s-OFDM to CP-OFDM. Without the power reduction information, assigning the original RB, MCS could result in the failure of data transmission. It’s best for gNB to use radical estimation of power reduction to decide resource allocation, such like the minimum RB and MCS, which can avoid communication outage. However, since UE is not coverage-limited when switches DFT-s-OFDM to CP-OFDM, its suitable MCS and RB allocation are larger than the minimum one, which results in performance loss. 
 
Observation 3: Without power information before waveform switching, unsuitable MCS and RB assignment results in performance loss, which occurs on the first several scheduled PUSCH transmissions after waveform switching until the first PHR reporting. 

Although reporting power information to assist waveform switching decision is helpful, it may require bigger size of PHR MAC CE fields, e.g. reporting PH and PCMAX,f,c for two waveforms simultaneously. It has significant RAN2 impacts to report two PH within one PHR occasion as it requires a new size of MAC-CE for single entry/multi-entry PHR. Although two-PHR mode has been introduced by multi-TRP in Rel-17, but its RAN2 impacts are significant. More importantly, it is unclear how to keep backward compatibility to the feature of multi-TRP if another new two-PHR mode is introduced by DWS. Moreover, it seems unnecessary to require both PHRs to report at the same PUSCH as PHR reporting can be used during multiple adjacent slots.

Observation 4: It’s an overoptimization to extend PHR MAC CE fields to report PH and PCMAX,f,c for multiple waveforms at the same time.

Compared to extending PHR MAC CE fields to report PHRs for multiple waveforms simultaneously, using the same MAC CE to report two PHRs separately illustrated in Figure 3, is much better option. Firstly, it has a less specification impact as the MAC CE format of PHR reporting of actual waveform is reused to report the PHR of assumed waveform. Secondly, in this way, the behavior of legacy PHR is not changed at all, it maintains a good compatibility. Third, the difference between two PHs of two waveforms usually keeps constant because it does not reply on varying channel conditions but UE implementation capability. Therefore, it is not beneficial to report the PHR of assumed waveform as frequently as the normal PHR but it increases the UE computation complexity and signaling overhead. Thus, setting separate reporting periods for PHR of assumed waveforms is better and preferred.

Moreover, to assist gNB decision on waveform switching, UE has to additionally report PH of assumed PUSCH whose waveform is different from the actual PUSCH transmission. It will impact the power control, calculation of power headroom, which means additional UE complexity. Therefore, if PHR enhancement is agreed to introduce in Rel-18, then a separate UE capability for it should be introduced.  

In our view, gNB should be permitted to control PHR behaviors by RRC parameters, where gNB can configure RRC parameters to indicate enabling of the PHR reporting of assumed waveform, to indicate the reporting period of PHR of assumed waveform. And, PHR enhancement is subject to an optional UE capability dedicated to the new PHR.

[image: ]
Figure 3: Illustration of UEs reporting the PHRs of assumed waveform and actual waveform separately.  

Proposal 3: Waveform switching PHR enhancement should be supported and is RRC configurable
· The existing MAC CE format of legacy PHR reporting is reused to convey the PH of assumed waveform.
· A new separate PHR reporting periodicity is introduced.
· Note: the legacy PHR is always reported as usual.
· Waveform switching PHR enhancement is subject to an optional UE capability dedicated to the new PHR.

3. Conclusion
With the discussion above, we have the following observations and proposals.

Observation 1: In Option 1, using the MSB of FDRA field to indicate RA type requires that a gNB has to set resourceAllocation to dynamicSwitch, the flexibility of CP-OFDM applying type 0 or type 1 is still subject to an optional UE capability. In Option 2, type 1 resource allocation is directly applied to UEs that are indicated with DFT-S-OFDM.
Observation 2: Option 1 reduces the maximum number of supported antenna port, reducing user capacity and throughput.  
Observation 3: Without power information before waveform switching, unsuitable MCS and RB assignment results in performance loss, which occurs on the first several scheduled PUSCH transmissions after waveform switching until the first PHR reporting.
Observation 4: It’s an overoptimization to extend PHR MAC CE fields to report PH and PCMAX,f,c for multiple waveforms at the same time.
 
Proposal 1: The Option 2 that UE applies type 1 resource allocation when DFT-S-OFDM is indicated and UE applies resource allocation according to resourceAllocation IE when CP-OFDM is indicated, should be supported.
Proposal 2: The Option 2 that UE applies DMRS type 1 when DFT-S-OFDM is indicated and UE applies DMRS type according to dmrs-Type IE when CP-OFDM is indicated, should be supported.
Proposal 3: Waveform switching PHR enhancement should be supported and is RRC configurable
· The existing MAC CE format of legacy PHR reporting is reused to convey the PH of assumed waveform.
· A new separate PHR reporting periodicity is introduced.
· Note: the legacy PHR is always reported as usual.
· Waveform switching PHR enhancement is subject to an optional UE capability dedicated to the new PHR.
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