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1. Introduction
In this document, we provide our views on mechanisms for dynamic switching between DFT-S-OFDM and CP-OFDM.
2. Discussion
2.1 Dynamic switching mechanism
	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.



For the issue that FDRA Type-0 is not applicable for DFT-S-OFDM, the group has agreed 2 options above for further down selection. Regarding first to Option 1, it relies on base station implementation to void the case, namely not to simultaneously configure resource allocation type-0 and DWS to a UE. However, it also limits the use of resource allocation type-0 for CP-OFDM, where resource allocation type-0 has a merit of being robust against frequency selective fading channel. From our perspective, even a UE is configured with DWS, the UE may stay in the region for CP-OFDM for a long period of time. Imposing the limitation on supporting resource allocation type-0 may degrade the overall performance. For Option 2, it is clear that the UE considers applicable resource allocation types for each waveform. In this case, although Option 2 may introduce some specification impact, the impact is marginal from our viewpoint.
Proposal 1: Support Option 2. If the base station indicates DFT-s-OFDM, the UE applies resource allocation type-1 to the FDRA field; if the base station indicates CP-OFDM, the UE applies the resource allocation type(s) according to the RRC configuration (i.e., 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.


DMRS type has the similar issue that DFT-s-OFDM only supports DMRS type 1, but CP-OFDM supports both DMRS type-1 and type-2. With the same logic as in resource allocation type determination, we do not think it is beneficial to limit full capability of CP-OFDM, thereby Option 2 is preferred.
Proposal 2: Support Option 2. If the base station indicates DFT-s-OFDM, the UE applies DMRS type 1; if the base station indicates CP-OFDM, the UE applies a DMRS type(s) the resource according to the RRC configuration (i.e., resourceAllocation IE). 

	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.



Regarding the issue that whether the DWS is a separate or common configuration to DCI formats 0_1 and 0_2. Although there is only 1-bit for DWS indication, the DCI size alignment between CP-OFDM and DFT-s-OFDM may introduce larger DCI size changes. It may impact the robustness of detecting DCI format 0_2. Thus, we should give the flexibility to the base station to determine a feasible configuration.   
Proposal 3: Support Option 1. The base station configures dynamic waveform switching field for DCI format 0_1 and DCI format 0_2, separately.
2.2 Assistance information
	Agreement (RAN1 #111)
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

Agreement (RAN1 #112b)
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.



According to the discussion in the last meeting, the majority of companies support that a UE can send assistance information (e.g., enhanced PHR) to a base station for better determining the timing for dynamic waveform switching. On the other hand, the opinions on whether to introduce new PHR triggering event and how to trigger it are diverse. In our understanding, introducing assistance information is an optimization to dynamic waveform switching, thus, unless the performance gain can be justified, it should be better to avoid complex design and unnecessary overhead. 
For Option 1, we think the motivation is clear that the base station can use new PHR mechanism to assess whether it is beneficial to switch to another waveform. Thus, following alternatives can be considered to realize Option 1:
· Alt-1: The UE always reports a PHR including PHs of DFT-s-OFDM and CP-OFDM. The PHR is triggered by legacy trigger event(s).
· Alt-2: The UE is triggered to report a PHR including PHs of DFT-s-OFDM and CP-OFDM. The PHR is triggered by new trigger event(s).
· Alt-3: The UE is indicated (e.g., DCI or MAC CE), by the base station, to send a PHR including at least a PH of a target waveform (can be one of the waveforms or both).
As discussed in previous meetings, DWS may not be a frequent activity for a base station. Thus, always including 2 PH of DFT-s-OFDM and CP-OFDM (i.e., Alt-1) may introduce unnecessary overhead to support this feature. For Alt-2 and Alt-3, because the PHR is triggered by a specific event or a base station indication, the overhead can be minimized comparing to Alt-1. As for specification impact, we think both Alt-2 and Alt-3 introduce comparable impact to RAN1 and RAN2 specifications. In addition, the current wording in Option 1 states that “Reporting of power headroom information for a reference PUSCH using target waveform different from waveform of actual PUSCH.” In our opinion, the reference PUSCH can also be the actual PUSCH, if the actual PUSCH is applicable for computing PH for DFT-s-OFDM and CP-OFDM.
For Option 2, the mechanism is similar to the Alt-3 in the proposal 4, except that the DCI format indicates a target waveform triggers the PHR. However, the idea of using back-and-forth waveform switching to find a feasible waveform is not reasonable from our perspective. On the other hand, if the base station has determines to switch to a target waveform based on base station measurements (e.g., DMRS or SRS), and the measurement is reliable, then it is also not reasonable to ask UE to report power headroom right away. The legacy configured PHR periodicity and trigger events should be sufficient. 
Proposal 4: Support reporting PH for a reference PUSCH using target waveform different from waveform of actual PUSCH (Option-1). Following alternatives can be considered:
· Alt-1: The UE always reports a PHR including PHs of DFT-s-OFDM and CP-OFDM. The PHR is triggered by legacy trigger event(s).
· Alt-2: The UE is triggered to report a PHR including PHs of DFT-s-OFDM and CP-OFDM. The PHR is triggered by new trigger event(s).
· Alt-3: The UE is indicated (e.g., DCI or MAC CE), by the base station, to send a PHR including at least a PH of a target waveform (can be one of the waveforms or both).
Proposal 5: The reference format addressed in the Option-1 can also be the actual PUSCH, if the actual PUSCH is applicable for computing PH for DFT-s-OFDM and CP-OFDM.
For other aspects to PHR enhancement for DWS, the current PHR formats also support carrier aggregation (CA), dual connectivity (DC), and multi-TRP. From our understanding, dynamic waveform switching also impacts the PHR for multi-panel transmission. Currently, RAN4 is discussing to have per-UE or per-panel power control for multi-panel transmission. If the group agrees to enhance PHR (new format or trigger event) for DWS, the PH computation and PHR format extension to CA, DC, multi-TRP, and multi-panel should also be discussed.
Proposal 6: If the enhanced PHR (new format or trigger event) for dynamic waveform switching is agreed, study the PH computation and PHR format extension to CA, DC, multi-TRP, and multi-panel transmission.
3. Conclusion
Proposal 1: Support Option 2. If the base station indicates DFT-s-OFDM, the UE applies resource allocation type-1 to the FDRA field; if the base station indicates CP-OFDM, the UE applies the resource allocation type(s) according to the RRC configuration (i.e., resourceAllocation IE). 
Proposal 2: Support Option 2. If the base station indicates DFT-s-OFDM, the UE applies DMRS type 1; if the base station indicates CP-OFDM, the UE applies a DMRS type(s) the resource according to the RRC configuration (i.e., resourceAllocation IE). 
Proposal 3: Support Option 1. The base station configures dynamic waveform switching field for DCI format 0_1 and DCI format 0_2, separately.
Proposal 4: Support reporting PH for a reference PUSCH using target waveform different from waveform of actual PUSCH (Option-1). Following alternatives can be considered:
· Alt-1: The UE always reports a PHR including PHs of DFT-s-OFDM and CP-OFDM. The PHR is triggered by legacy trigger event(s).
· Alt-2: The UE is triggered to report a PHR including PHs of DFT-s-OFDM and CP-OFDM. The PHR is triggered by new trigger event(s).
· Alt-3: The UE is indicated (e.g., DCI or MAC CE), by the base station, to send a PHR including at least a PH of a target waveform (can be one of the waveforms or both).
Proposal 5: The reference format addressed in the Option-1 can also be the actual PUSCH, if the actual PUSCH is applicable for computing PH for DFT-s-OFDM and CP-OFDM.
[bookmark: _GoBack]Proposal 6: If the enhanced PHR (new format or trigger event) for dynamic waveform switching is agreed, study the PH computation and PHR format extension to CA, DC, multi-TRP, and multi-panel transmission.
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