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1 Introduction
The Rel-18 WID for Further NR coverage enhancements is approved [1], which includes the following objective:
The objective of this work item is to specify further uplink coverage enhancements for PRACH, power domain and DFT-S-OFDM. 
The detailed objectives of the work item are as follows:
· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.
·  Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)
·  Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)


Coverage enhancement is one of the key factors for communication networks. At present in real deployments, uplink transmission and coverage have always been the bottleneck of the system performance. 
2	Discussion
In NR, two waveforms of DFT-s-OFDM and CP-OFDM can be applied for the uplink. Unlike LTE, a consistent CP-OFDM waveform for the uplink same as downlink is preferred which can benefit the system design and implementation. Considering the better PAPR/CM characteristics of DFT-s-OFDM waveform, it is more suitable for cell-edge UEs to achieve a better coverage and performance. In Rel-16, some PAPR enhancements was also introduced for the DMRS with Pi/2 BPSK modulation for the DFT-s-OFDM waveform to maintain a low PAPR/CM performance. Currently, the waveform used in the uplink is RRC-configured and the switchifng between CP-OFDM and DFT-s-OFDM needs RRC reconfiguration. This limitation imposes a large barrier to switch over to DFT-s-OFDM waveform for cell-edge UEs. Thus we agree the flexible assessment of DFT-s-OFDM should be pursued. 
A lot of debates were held at the stage of the WID, in our understanding of the scope, the dynamic switching is to enhance the switching between CP-OFDM and RANK-1 DFT-s-OFDM. 
In RAN1#112 meeting, the following agreement has been made on mechanism of DSW [4]:
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.


It was agreed that 1-bit new DCI field is introduced for DSW. Here we provide our views on some remaining issues.
· PHR reporting enhancement
In RAN1#110bis meeting, the following agreement has been made on assistance information [2]:
Agreement 
To study and if necessary, specify, enhancements to assist the scheduler in determining waveform switching, such as:
· Reporting power headroom related information 
· Other solutions are not precluded

In RAN1#111 meeting, the following agreement has been made on assistance information [3]:
Agreement
Study the necessity of the following potential enhancements to assist the scheduler in determining waveform switching:
· Reporting power headroom related information based on PCMAX,f,c applicable to a target waveform 
· Target waveform can be same or different from waveform of an actual PUSCH transmission
· FFS target RB allocation and/or target modulation order can be same or different from respective properties of an actual PUSCH transmission 
· FFS determination of target waveform, target RB allocation, target modulation order
· FFS details, e.g. report PCMAX,f,c or Type 1 power headroom for a waveform, or difference thereof between waveforms
· PHR triggering enhancements, e.g.
· Network-triggered PHR
· PH becomes lower (higher) than a threshold
· PHR triggered by waveform switching
· Reporting of recommended waveform or request to switch waveform
· Other solutions not precluded


In RAN1#112bis meeting, the following agreement has been made on PHR reporting for DSW [5]:
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: reporting PH information for both waveforms is not precluded.
· Note: additional trigger for PH for reference PUSCH is not precluded.
· Option 2: New trigger of power headroom report based on waveform switching event.
· Details FFS.
· Option 3: Both Option 1 and Option 2.
· Details FFS.
· Option 4: No enhancement.



We think it is necessary and beneficial for the gNB to obtain certain waveform switching assistance information from the UE reporting, and that can be achieved via enhancing the current PHR triggering and reporting mechanism. Two PHs of different waveforms can be reported as Type 1 power headroom reporting to provide the gNB enough power headroom difference information of the two waveforms. In our view, the reference PUSCH used to calculate the PH of the target waveform can be the same as the current PUSCH, i.e. same RB allocation, same MCS.  
Also the triggering conditions needs to be enhanced. In our view, PH compared with a threshold for a certain waveform can be used to trigger the PHR reporting. When UE is already at the cell edge, it also makes sense to trigger PHR reporting when continuous data error occurs.  
Another approach is to let the UE directly report of the proposed waveform to the gNB with the current one actual PH. If only one PHR was reported, the UE suggested reporting of the proposed waveform to the gNB would also be beneficial. And also it is not a mandate for the gNB scheduling.

Proposal 1: Support Option 3 to both enhance the trigger conditions and the reporting of the assistance information targeting the switching of waveforms. 

Proposal 2: Support reporting of two PHs of different waveforms for the Type 1 PHR reporting, and the current PUSCH can be used as the reference PUSCH for the calculation of the PH of the target waveform.

Proposal 3: Support considering the options for the triggering enhancements of the PHR,
· PH compared with a threshold for a certain waveform can be used to trigger the PHR reporting;
· continuous data error compared with a threshold;

Proposal 4：Support UE reporting of the proposed waveform to the gNB with the one PHR.

· Configurations related to waveform switching 
1）Resource Allocation
In RAN1#112bis meeting, the following agreement has been made on configuration of DSW [5]:
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.


According to the resource allocation, since RA type 0 cannot be applied to DFT-s-OFDM, the restriction can be achieved by proper configuration for both waveforms by the gNB scheduler, we prefer to treat this as an error case, and prefer Option 1.
Proposal 5: Option 1 is preferred on the RA configuration.

In RAN1#112bis meeting, the following agreement has been made on configuration of DSW [5]:
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.


According to the DMRS resource allocation, since DMRS type 2 cannot be applied to DFT-s-OFDM. The restriction can be achieved by proper configuration for both waveforms by the gNB scheduler, we think this can be treated this as an error case, thus we prefer Option 1. 
Proposal 6: Option 1 is preferred on the DMRS configuration.

In RAN1#112bis meeting, the following agreement has been made on configuration of DSW [5]:
Agreement
For configuration of 1-bit dynamic waveform switching indication in DCI format 0_1/0_2 per a carrier, downselect between following options:
· Option 1: Separate configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.
· Option 2: Common configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.


In our view, there is no difference for introducing this indication bit for different DCI format 0_1/0_2. We prefer Option 2, common configuration is enough.

Proposal 7: Option 2 is preferred as common configuration of the indication field for DCI format0_1/0_2.


3	Conclusion
In this contribution, we provide our views of the enhancements on the dynamic switching between uplink waveforms, our proposals are as follows:
Proposal 1: Support Option 3 to both enhance the trigger conditions and the reporting of the assistance information targeting the switching of waveforms. 

Proposal 2: Support reporting of two PHs of different waveforms for the Type 1 PHR reporting, and the current PUSCH can be used as the reference PUSCH for the calculation of the PH of the target waveform.

Proposal 3: Support considering the options for the triggering enhancements of the PHR,
· PH compared with a threshold for a certain waveform can be used to trigger the PHR reporting;
· continuous data error compared with a threshold;

Proposal 4：Support UE reporting of the proposed waveform to the gNB with the one PHR.
Proposal 5: Option 1 is preferred on the RA configuration.
Proposal 6: Option 1 is preferred on the DMRS configuration.
Proposal 7: Option 2 is preferred as common configuration of the indication field for DCI format0_1/0_2.
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