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1. Introduction
The following agreements and conclusions were made for dynamic switching between DFT-S-OFDM and CP-OFDM of Rel-18 NR coverage enhancement WI during the RAN1 #112b-e meeting. [1]:
	
Agreement
For DCI format 0_1/0_2 containing dynamic waveform indication, bit width of each field is set to the maximum between the bit width of the field if transform precoding is disabled and the bit width of the field if transform precoding is enabled, if different.
· If, for the waveform indicated in the DCI, the bit width N of a field would be smaller than the bit width of the field set as per the above, UE decodes the field using N least significant bits. If N=0, the UE ignores the field for the indicated waveform.


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.

Conclusion
For PUSCH transmission scheduled by C-RNTI with DCI format 0_0, UE considers transform precoding enabled or disabled according to msg3-transformPrecoder as in legacy.


Agreement
Dynamic waveform switching is configured separately for each BWP, within PUSCH-Config.

Agreement
For UE configured with multi-PUSCH scheduling in time domain in a carrier (i.e. pusch-TimeDomainAllocationListForMultiPUSCH), DCI format 0_1 supports 1-bit field for dynamic waveform switching indication.
· When configured, 1-bit field indicates waveform for all scheduled PUSCH transmissions.


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.

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 this contribution, dynamic waveform switching between DFT-S-OFDM and CP-OFDM for Rel-18 NR coverage enhancement is discussed.

2. Discussion
According to the current specification, the gNB can determine either the DFT-S-OFDM or CP-OFDM as the UL waveform of PUSCH via higher layer parameter, such as transformPrecoder. This means that if the gNB wants to change the UL waveform for UE, the gNB could only change it by updating the higher layer parameter. To improve this inefficient operation, dynamic waveform switching will be introduced for Rel-18 coverage enhancement.

Applicability of dynamic waveform switching
During the previous meetings, dynamic waveform switching for Msg.3 PUSCH transmission had been discussed. However, there was a consensus that the introduction of a waveform indication field is not desirable for Msg.3 PUSCH transmission because there are limitations in adjusting the payload size for DCI format 0_0 due to its usage of fallback DCI. Upon the consensus made earlier, the introduction of dynamic waveform switching for Msg.3 PUSCH transmission would be unnecessary. 
On the other hand, in the previous #112b-e meeting, there was a discussion on whether to support configuring the waveform of Msg.3 PUSCH transmission semi-statically to DFT-S-OFDM when performing multiple PRACH transmissions, i.e., PRACH repetition. However, applying transform precoding to the Msg.3 PUSCH transmission subsequent to multiple PRACH transmission so as to semi-statically configure DFT-S-OFDM via msg3-transformPrecoder cannot strictly be considered as dynamic indication through PDCCH. Moreover, it would not be late to revisit this operation again once reaching a consensus on the linked operation of Msg.3 PUSCH transmission following multiple PRACH transmissions in AI 9.12.1.

Proposal 1: Legacy operation configured by msg3-transformPrecoder is sufficient for PUSCH transmission scheduled by either RAR or TC-RNTI with DCI format 0_0.

Conclusion 1: Sufficient discussion should precede the linked operation of Msg.3 PUSCH transmission following multiple PRACH transmissions in AI 9.12.1.

Configuration of dynamic waveform switching
With the agreements and conclusions that have been made in dynamic waveform switching topic so far, it proves that dynamic waveform switching applicability is generally more feasible during RRC connected state, e.g., waveform indication field does not allow to be contained into the DCI accounts for initial RAR UL grant that schedule Msg.3 PUSCH transmission. In addition to introducing 1-bit indication field for the dynamic waveform switching applying it to scheduled PUSCH, it was agreed to support separate configuration of dynamic waveform switching for each BWP in the last meeting. This would make dynamic waveform switching more flexible among the different bandwidth parts. Moreover, considering the presence of waveform indication field increases the DCI payload, it would be possible to support separate configuration to take advantage of difference characteristics between DCI format 0_1 and 0_2. Therefore, configurable characteristic of DCI format 0_2 can be additionally utilized with separate configuration since DCI format 0_2 is capable of reducing size of its DCI configured by RRC signaling compared to DCI format 0_1. For example, if dynamic waveform switching is enabled from higher layer signaling, DCI format 0_2 may be composed without waveform indication field. 
Furthermore, there might be an issue when there is no waveform indication field in the received DCI format 0_2 for scheduling PUSCH if dynamic waveform switching is enabled from higher layer signaling. From this perspective, further investigation would be necessary for additional UE behavior that how to determine the UL waveform when receiving DCI format 0_2 without waveform indication field if dynamic waveform switching is enabled from higher layer signaling.

Proposal 2: Support separate configuration for both DCI format 0_1 and 0_2 to effectively utilize configurable DCI format 0_2 in case dynamic waveform switching is available.

Proposal 3: Further discussion is necessary on additional UE behavior when the waveform indication field is not presented in DCI format 0_2 if dynamic waveform switching is enabled by higher layer signaling.

As dynamic waveform switching mechanism introduced, one thing to be considered is that possible type of resource allocation and DMRS to be configured can differ depending on the indicated waveform. CP-OFDM does not have any restriction for FDRA/DMRS configuration types, whereas DFT-S-OFDM which applies transform precoding is not allowed to configure FDRA type 0 and DMRS configuration type 2. Thus, if the indicated waveform is DFT-S-OFDM but the resource allocation configuration type remains prohibited, i.e., FDRA type 0 or DMRS type 2, would be a problematic. In the RAN1#112b-e meeting, two options were classified for both FDRA and DMRS cases respectively on how to handle this situation [2].
Applying the FDRA/DMRS configuration dynamically to a valid type based on the indicated waveform in UE behavior is not only too much effort for specification modification but also excessive configuration operation burden for dynamic waveform switching that may not be frequently used. Therefore, it is sufficient to solve the problem of error cases mentioned above with configuration restriction regardless of indicated waveform, simply like Option 1.

Proposal 4: Configuration restriction via higher layer signaling can sufficiently handle the FDRA/DMRS error case regardless of the indicated waveform.


Assistance information of dynamic waveform switching
[bookmark: _GoBack]In the previous meeting, there was a discussion with several options classified on whether and how providing PH information to the gNB could be helpful as assistance information [2]. The first option can improve the power control accuracy by applying both PCMAXs from current and target waveforms with additionally providing PH information of reference PUSCH according to the target waveform. Some companies had concerns about increasing not only MAC-CE size of single entry but also that size of multiple entries with the UL CA scenario, however MAC-CE topic should be discussed in RAN2 and there is alternative way, even it may need to be discussed to know for sure, to introduce new MAC-CE structure respect to the dynamic waveform switching can be a possible option. Therefore, it is preferred that RAN1 would discuss and focus on how to compose the PH information of the target waveform. On the other hand, Option 2 may dynamically trigger a new PHR after switching to the target waveform, which may result in delayed response from gNB comparing to Option 1. However, it would be more helpful than Option 4, which does not enhance the existing PHR. Regardless of which option is adopted, except for maintaining the existing PHR mechanism, what the most important thing is that there should be a benefit to UL power control mechanism as assistance information for dynamic waveform switching.

Proposal 5: Providing additional PH information for the target waveform, regardless of the options applied, helps the scheduler allocate resources appropriately with dynamic waveform switching.

As a result, the UE transmission power must be appropriately adjusted according to the dynamically indicated UL waveform from the gNB. With the power headroom information per its UL waveform reported by the UE, the gNB can estimate how much available power the UE has.
Considering the power control technique when the UL waveform is dynamically indicated as mentioned above, there may be a need for an additional procedure, such as closed-loop power control, for the gNB to indicate that UE should modify its transmission power level. In other words, the UE transmission power is adjusted after the waveform is changed subsequently, which may result in a delay during the closed-loop power control procedure.
Therefore, in order for the UE to immediately change the transmission power for the dynamic waveform, the gNB can consider providing and individually managing open-loop power control parameters for each waveform, i.e. CP-OFDM/DFT-S-OFDM, respectively. For example, open-loop power control related parameters, P0 offset for the target received power or  offset for the path-loss compensation can be considered.

Proposal 6: If dynamic waveform switching is enabled, support independent open-loop power control parameter for each waveform.

3. Conclusion
In this contribution, we discussed on the dynamic waveform switching between DFT-S-OFDM and CP-OFDM for Rel-18 NR coverage enhancement with following proposals and conclusion.

Proposal 1: Legacy operation configured by msg3-transformPrecoder is sufficient for PUSCH transmission scheduled by either RAR or TC-RNTI with DCI format 0_0.

Conclusion 1: Sufficient discussion should precede the linked operation of Msg.3 PUSCH transmission following multiple PRACH transmissions in AI 9.12.1.

Proposal 2: Support separate configuration for both DCI format 0_1 and 0_2 to effectively utilize configurable DCI format 0_2 in case dynamic waveform switching is available.

Proposal 3: Further discussion is necessary on additional UE behavior when the waveform indication field is not presented in DCI format 0_2 if dynamic waveform switching is enabled by higher layer signaling.

Proposal 4: Configuration restriction via higher layer signaling can sufficiently handle the FDRA/DMRS error case regardless of the indicated waveform.

Proposal 5: Providing additional PH information for the target waveform, regardless of the options applied, helps the scheduler allocate resources appropriately with dynamic waveform switching.

Proposal 6: If dynamic waveform switching is enabled, support independent open-loop power control parameter for each waveform.
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