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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]The previous meeting had a good agreement for this agenda, and the moderator shared an excellent summary in R1-2304222. This contribution describes our vies for remaining details for waveform indications.
	· Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)


2. Discussion
2.1.1. [bookmark: _Ref111058652]Handling of FDRA type/DM-RS type
	Agreement - 112bis
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 - 112bis
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.


The DFT-s-OFDM based waveform has more limitations than the CP-OFDM based waveform, i.e., DFT-s-OFDM allows only frequency resource allocation type 0 and DM-RS configuration type 2. The discussion is about whether the scheduling UL-DCI guarantee full flexibility of CP-OFDM based PUSCH transmissions.
We had two agreements in the previous meeting and they are option 1 and option 2. The option 1 treats it as an error case and the serving cell should handle this to limit some flexibility, and the option 2 allows the full flexibility. 
In our view, the full flexibility may not be beneficial because the UE operating DWS may be located in the non-center of coveage area. In our understanding, the usage of DWS may be limited. For instance, UEs in the center of coverage would operate CP-OFDM for MU-MIMO scheduling. UEs in the edge of coverage would operate repetitions of any waveform or operate DFT-s-OFDM for acquire power margin. In this sense, the effective area of coverage may not be the fore-mentioned area and the UE can have low mobility otherwise the serving gNB would prepare handover anyway.
In addition, we have to consider the payload of DCI. The DWS is enabled by the explicit field in the scheduling DCI, and it may require DCI overhead if we allow full flexibility of CP-OFDM because per-field alignment is agreed. The DCI overhead may not be larger than the legacy DCI for CP-OFDM, however we can expect the coverage of DCI is similar.
Thus, we suggest that the DWS operation may enable/disable the DFT precoding and all other flexibilities can be minimized. Option 1 above for both FDRA and DM-RS seems to be a reasonable approach considering use case and DCI overhead and implementations.
[bookmark: _Ref134768369]Proposal 1: For both FDRA type and DM-RS type, configuration restriction with error case handling is supported.
2.1.2. Applicability to Msg3 PUSCH scheduled by DCI format 0_0 with TC-RNTI
	Conclusion - 112bis
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.


The DWS field in the fallback DCI format has been discussed and the issue was split with respect to RNTI. The previous meeting drew a conclusion for C-RNTI case. The remaining issue is to whether or not TC-RNTI supports DWS or not.
Some companies point out that the TC-RNTI based DWS can be adopted , but in our view, the retransmission of msg3 PUSCH is not quite urgent scenario because the repetition of msg3 PUSCH has been supported by both RAR UL grant and TC-RNTI based UL grant. Early indication from preamble set partitioning would also be required to indicate whether Msg3 supports DWS or not.
The TC-RNTI based format 0_0 should have the enhanced coverage, however the PUSCH scheduled in the USS can also be repeated if appropriate TDRA is provided in pusch-Config. In our view, the coverage of CORESET is equally important by not having the additional information field for DWS, and the DWS does not seem an essential feature in this release.
[bookmark: _Ref134768373]Proposal 2: Deprioritize discussing TC-RNTI based DWS.
2.1.3. Waveform assumption without indication in the DCI
	Agreement – 112b
Dynamic waveform switching is configured separately for each BWP, within PUSCH-Config.


In the previous meeting, we agreed to have DWS per BWP. This issue can be generalized to the case where BWP is switched. One approach is to introduce this field for all UL BWP which can schedule PUSCH. Thus, it removes the adaptation of payload due to this new information field. However, per-UE alignment may burden the DCI overhead. Some UL BWP may not support the dynamic waveform indication, and we think that some existing information field can be shorted during the BWP switch.
[bookmark: _Ref127348856]Observation 1: Some UL BWP may not dynamically indicate the waveform.
Each UL BWP may or may not support the new information field in the DCI format 0_1/0_2 since each DL BWP has own PDCCH-config. Suppose that former UL BWP does not support this field but it switches to latter UL BWP which supports this field. The current specification tells some information field is shorted by one bit and the saved bit is used for waveform indication. For instance, the MCS fieldwidth can be vary depending on BWP switching field, recalling that Msg3 PUSCH repetitions already supports a similar feature.
Other approaches were proposed in the previous meeting, where target BWP has known waveform, and the final feature lead summary R1-2304222 nicely captures. For easy reference, we states the following:
· Alt 1: Explicit indication for the target BWP
· Some information field can be shorted for DWS purpose.
· Alt 2: Fixed indication for the target BWP
· Alt 2-1: RRC-configured waveform is applied.
· Alt 2-2: Prepended bit is interpreted as DWS field.
In our view, discussions throughput this work item assume the explicit indication of the target waveform. The Alt 1 follows the principle and does not increase the DCI size. Also, we think that 
For Alt 2-1, the target waveform is not dynamically chosen but is rather fixed. The UE can apply RRC-configured waveform of target BWP irrespective of dynamic switching indication in DCI. This argument is to omit DWS behavior during BWP switch. The waveform can be re-indicated after BWP is switched. We note that the target waveform is associated to the target BWP.   
For Alt 2-2, the target waveform is fixed but it can be different from the associated waveform of the target BWP. The ‘0’ value determines the target waveform and this can be configured. In our view, the legacy prepend/appending behavior for DCI interpretation during a BWP switch is to adjust fieldwidth of an information field which is present for both source BWP and target BWP. However, we are considering the case that a source BWP has no such field. In this perspective, the Alt 2-2 is less preferred.
Based on above reasoning, we can discuss Alt 1 and Alt 2-1, and we prefer Alt 1 because it keeps the flexibility to explicitly and dynamically indicate the target waveform. We also mention that previous release Msg3 repetition reduces an existing field to extract additional information, and the similar approach can support DWS with less impact. In addition, we can adopt the Alt 2-1 because it may follow a legacy behavior in some sense.
[bookmark: _Ref127348824][bookmark: _GoBack]Proposal 3: During the BWP switch, dicuss Alt 1 (reduce some field for DWS) or Alt 2-1 (RRC configured waveform).
2.1.4. Assistance information for switching waveform

	Agreement - 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.


The previous meetings listed options regarding headroom reports, and many companies seem to interest this issue because either/both pre-reporting and post-reporting would reduce latency.
The PCMAX,f,c in PHR MAC CE is introduced since the pathloss can be outdated at the scheduler and as a result the target SINR is not known and appropriate TPC commands may not be derived. As the current specification describes, the MPR-related offsets are already applied in the PCMAX,f,c (or CMAX,f,c) and the scheduler can determine TPC commands with the included PH value.
Since this work item does not have any RAN2 time unit, the detailed solution strives to minimize RAN2 impacts. We observe that PHR MAC CE does not involve the UL-DCI, thus the applied waveform may not relevant to PHR MAC CE. 
One way to introduce its dependency is to include PHs in both waveforms. Referring to the current specification, the reference PH is calculated from CMAX,f,c, whose MPR/A-/P-MPR=0, and the waveform dependency disappears. To solve this problem, we simply allow to report actual PHs which uses PCMAX,f,c. Using two PHs are included and at least one PH is actual, the scheduler can deduce MPR related offsets, and at last the impact of either waveform can be derived. In case that two PH are derived, then two PHs are actual but with different waveform and the same scheduling assignment can be assumed.
If we introduce additional PH in a single report, then the RAN2 should involve. In our understanding, we can maximally reuse the current specification. Recall that the Rel-17 PUSCH repetition supports two PHs in a single MAC CE. This is different from our assumption because each PH describes own pathloss with a common PCMAX,f,c. However, we need two different PCMAX,f,c. This can be relieved at least one PH is actual and we can subtract known terms to obtain MPR related offsets by using two PHs. The PCMAX,f,c may come from the waveform associated with the UL BWP. 
If the UL BWP is not scheduled, then the MAC CE can include two reference PHs which have a same value, or can have one actual PH and one reference PH. In perspective of overhead reduction, one reference PH can be included in the MAC CE when the scheduling does not occur. Alternatively, we can consider generating actual PH without the scheduling in the UL BWP.
[bookmark: _Ref127348832][bookmark: _Ref131775653]Proposal 4: At least scheduled UL BWP, two PHs can be included in one report, where at least one PH is actual.
3. Conclusion
We address our view about supporting dynamic UL waveform changes.
Proposal 1: For both FDRA type and DM-RS type, configuration restriction with error case handling is supported.
Proposal 2: Deprioritize discussing TC-RNTI based DWS.
Proposal 3: During the BWP switch, dicuss Alt 1 (reduce some field for DWS) to Alt 2-1 (RRC configured waveform).
Proposal 4: At least scheduled UL BWP, two PHs can be included in one report, where at least one PH is actual.
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