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[bookmark: _Hlk510705081]In RAN #94e a new work item description was approved on further NR coverage enhancements [1]. Three main objectives characterize the work item:
	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)



This contribution focuses on the last objective of the work item, i.e., dynamic switching between DFT-S-OFDM and CP-OFDM. Section 2.1 provides the follow-up on the discussions in RAN1#112 concerning the applicability of waveform switching indication to MSG3 PUSCH initial transmission, MSG3 re-transmission (DCI format 0_0 scrambled by TC-RNTI) and DCI 0_0 in general. Section 2.3 discusses the follow ups on potential enhancements for assisting the scheduler in determining waveform switching from RAN1#112 including power headroom related information and triggering the report of assistance information. Section 3 concludes the document by highlighting key proposals and observations.
[bookmark: _Toc67700557]Discussion
In RAN1#112, the following agreement and conclusions were made on the applicability of DCI-based dynamic waveform indication in Rel-18.
	Agreement
Dynamic waveform switching in R18 is not applicable to PUSCH transmissions with a Type 1 configured grant.

Conclusions: 
· There is no consensus to support “Dynamic waveform switching to PUSCH transmissions with a Type 2 configured grant” in R18.
· The dynamic waveform indication in a DCI containing a dynamic uplink grant applies only to PUSCH transmission(s) corresponding to the dynamic uplink grant.




Moreover, the following agreement on the dynamic waveform indication from UL DCI in Rel-18 was also made in RAN1#112 
	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.




In the following, we discuss different open aspects taking into account the above agreements made in RAN1#112 and provide our view on the potential solutions.  
Applicability of dynamic waveform switching 
Msg3 PUSCH was identified as a channel suffering from coverage shortage in Rel-17 SI, which led to Msg3 repetition feature specified for Msg3 coverage enhancement in Rel-17. Obviously, the motivation of supporting DWS for Msg3 is the same as the motivation for supporting Msg3 repetition in Rel-17, i.e., to improve Msg3 coverage. Note that DWS for Msg3 can be used as an alternative or addition to Msg3 repetition.
The support of DWS for initial transmission of Msg3 and re-transmission of Msg3 can be separately discussed, since the technical solutions can be different and, to some extent, the motivation for supporting each scenario can be different. In Section 2.1.1 we discuss our views on the applicability of DWS to initial Msg3 transmission. Section 2.1.2 discusses the applicability of DWS for PUSCH scheduled by DCI format 0_0 in general, wherein Section 2.1.2.1 specifically discusses the applicability of DWS for re-transmission of Msg3 (DCI format 0_0 scrambled by TC-RNTI) and Section 2.1.2.2 discusses the applicability of DWS for PUSCH scheduled by DCI format 0_0 scrambled by C-RNTI. 
Applicability to initial transmission of Msg3
In previous RAN1#112 meeting several companies discussed the necessity of applying DWS for Msg3 PUSCH or expressed their interests on further discussions on the topic. In contrast, the main concerns from some other companies for not applying DWS for Msg3 are: 
· Network could always configure DFT-S-OFDM for Msg3 at cell level 
· Potential preamble partitioning and
· Not clear benefit compared to Msg3 PUSCH repetition.
However, always configuring DFT-S-OFDM for Msg3 is a very skeptical assumption (otherwise, NR would not allow configuring CP-OFDM for Msg3 in the first place). On the other hand, preamble partitioning for applying DWS on Msg3 initial transmission may limit existing preamble/RO resources (e.g., Msg3 repetition request preamble/RO resources). To avoid this issue, a proper solution can be selected.
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In addition, RAN1 is specifying Msg1 (PRACH) repetitions in Rel-18 (at least for the case when they are transmitted with the same beam), which allows UEs to repeat Msg1 over multiple ROs. Considering that a UE in coverage shortage may likely initiate Msg1 repetitions, the corresponding Msg3 transmission may be suffering from poor performance as well, given the same distance between the UE and gNB. In this case, Msg3 may need to be transmitted with repetitions as well. However, since Msg3 payload is higher than Msg1, relying only on repetitions may help to tackle coverage shortage for Msg1 but not Msg3. 
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The above observation shows that any other approach for improving Msg3 coverage should be considered, including DWS. In PRACH enhancement discussions, there were few companies discussing about a link between Msg1 repetition and DWS for Msg3 PUSCH. This indeed provides a good direction for further discussion about DWS. 
Furthermore, in RAN1#111 and RAN1#112 some companies discussed the potentials to enable the CE UE to apply different waveform than the default RRC configured waveform specified in msg3-transformPrecoder while Msg3 PUSCH transmission with repetitions. In our view, relying only on the parameter msg3-transformPrecoder (configured before Msg1 transmission) without considering the actual channel conditions of a specific UE is insufficient for determining a good waveform to be used by the UE for Msg3 transmission. 
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From the above observations we propose the following:
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Dynamic waveform switching for PUSCH scheduled by DCI format 0_0
DCI format 0_0 scrambled by TC-RNTI (re-transmission of Msg3)
It is even more essential to support DW for re-transmission of Msg3 because of the following reasons:
· Re-transmission of Msg3 PUSCH only happens when the initial transmission of Msg3 (with or without repetitions, using configured waveform) failed. Therefore, it is beneficial if the UE can switch waveform for the re-transmission to further improve coverage of the retransmission.
· Given that DCI format 0_0 with CRC scrambled by TC-RNTI is used for scheduling the re-transmission of Msg3 PUSCH, the re-transmission of Msg3 PUSCH can be classified as “Supported dynamically scheduled PUSCH” and therefore compatible with RAN1#111 agreement on further discussing the “Supported dynamically scheduled PUSCH”.
· There is no issue with preamble/RO groups partitioning for supporting DWS for re-transmission of Msg3, which is scheduled by a DCI.
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It can be deduced from the agreement made in RAN1#112 that the new 1-bit field cannot be used for DWS indication for re-transmission of Msg3, given that size of fallback DCI format should not be changed. Therefore, other solutions should be considered for DWS for re-transmission of Msg3. Note also that RAN1 does not need to start from scratch since other solutions for DWS (other than adding a new field) were discussed in previous meetings and can be considered for DWS for re-transmission of Msg3 (please refer to our Tdoc submitted to RAN1#111 for analysis on potential solutions [5]).
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From the above observations we propose the following:
[bookmark: _Toc131605822][bookmark: _Toc131680401][bookmark: _Toc131680900][bookmark: _Toc131681862][bookmark: _Toc131683547][bookmark: _Toc131683561][bookmark: _Toc131692298][bookmark: _Toc131692335]Proposal 2. RAN1 to support DWS for re-transmission of Msg3 using DCI format 0_0 scrambled by TC-RNTI. A solution that does not impact the current DCI format 0_0 should be considered.
DCI format 0_0 scrambled by C-RNTI 
In general, DCI format 0_0 is relevant for coverage enhancements (even if its CRC is scrambled by RNTIs other than TC-RNTI, for example by C-RNTI) given a smaller payload compared to non-fallback formats and smaller coding rate in which can become more reliable in coverage shortage scenario. 
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As discussed in previous section, depending on the solution to be adopted for DWS indication the DCI format 0_0 may not be impacted at all. As an example, if UE implicitly determines waveform based on the scheduling information, then the DCI format 0_0 does not change, given that waveform determination is performed after the DCI content is successfully decoded by the UE in this case.
If the DWS indication is applicable to DCI format 0_0 with CRC scrambled by C-RNTI, repetition for the PUSCH scheduled by this DCI may or may not be needed. In case PUSCH repetition is not specified for DCI format 0_0 with CRC scrambled by C-RNTI then using low MCS and DFT-s-OFDM could be sufficient. In contrast, DWS can still be applied on top of PUSCH repetitions, if specified, for further improving coverage.
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Dynamic waveform switching mechanism
DCI size alignment 
The above agreement made in RAN1#112 on using a new 1-bit field requires further discussion concerning the UL DCI size alignment. Indeed, when DWS is supported, one of the most significant issues that need to be solved is DCI size alignment. In Rel-17, the size of an UL DCI format depends on waveform configuration (e.g., transformPrecoder in PUSCH-Config IE). Thus, if the waveform switching is dynamically indicated, then it is unclear to UE which waveform (i.e., CP-OFDM or DFT-S-OFDM) is considered for DCI size determination, given that UE needs to determine DCI size for before knowing the waveform indicated in the DCI. In this section, we firstly focus on UL DCI formats analysis and consider the impact and overhead introduced by DCI size alignment on waveform dependent fields. We then discuss the solutions for DCI size alignment and conclude the section by proposing solutions to tackle overhead due to DCI size alignment.
Waveform dependent fields in different DCI formats
At least the following DCI fields are considered as waveform dependent fields (WDFs) in DCI formats 0_1/0_2 (note that whether one or multiple of the following fields exist in a DCI depends on the DCI format):
· Frequency domain resource assignment (FDRA)
· Precoding information and number of layers (TPMI)
· Second precoding information
· Antenna ports
· PTRS-DMRS association 
· Second PTRS-DMRS association
· DMRS sequence initialization
For DWS, the above waveform dependent DCI fields are strongly impacted, since their sizes may change while the waveform is dynamically switched. Further details on the scenarios wherein these fields have different sizes for different waveforms are summarized as follows.
For FDRA field: when dynamicSwitch is configured for resourceAllocation in PUSCH-config (or ConfiguredGrantConfig for CG type 2) which indicates that the most significant bit (MSB) of the FDRA field will be used for indicating whether resource allocation (RA) type 0 or type 1 should be used. In this scenario, the MSB bit is not used if DFT-S-OFDM is indicated, since DFT-S-OFDM can only support RA type 1. In addition, when resourceAllocationType0 is configured for resourceAllocation in PUSCH-config (or ConfiguredGrantConfig for CG type 2) which indicates that RA type 0 is used for CP-OFDM (assuming CP-OFDM is RRC configured), UE always assumes FDRA field size associated with RA type 0. However, DFT-S-OFDM can only support RA type 1 and the bit length needed for RA type 0 is much larger than the bit length needed for RA type 1, which leads to  misalignment.
TPMI field: the bit-width of this field depends on waveform, number of antenna ports, value of maxRank, value of codebookSubset, whether codebook or nonCodeBook is configured for txConfig, whether ul-FullPowerTransmission is not configured or configured to fullpower or fullpowerMode2. For one number of antenna ports, the same bit length is used for both cases of CP-OFDM and DFT-S-OFDM if maxRank=1. For other configurations of the above parameters, the bit-width of this field may be different for different waveforms.
Antenna port field: the bit-width of this field depends on waveform, value of dmrs-Type, maxLength, modulation scheme, and the value of rank determined according to the SRS resource indicator field if the higher layer parameter txConfig = nonCodebook and according to the TPMI field if the higher layer parameter txConfig = codebook. The same bit-width is used in case of CP-OFDM and DFT-s-OFDM if dmrs-Type = 1 and maxLength = 2 and only DMRS configuration type 1 is supported by DFT-s-OFDM. For other configurations of the above parameters, the bit-width of this field may be different for different waveforms.
PTRS-DMRS association (and second PTRS-DMRS association) field:  if PTRS-UplinkConfig is not configured in either dmrs-UplinkForPUSCH-MappingTypeA or dmrs-UplinkForPUSCH-MappingTypeB and transform precoder is disabled (i.e., CP-OFDM is configured), or if transform precoder is enabled (i.e., DFT-s-OFDM is configured), or if maxRank=1 this field takes 0 bit. Otherwise, it takes 2 bits for indicating the association between PTRS port(s) and DMRS port(s).
DMRS sequence initialization field: this 1-bit field only exists when CP-OFDM is configured.
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· Frequency domain resource assignment (FDRA)
· Precoding information and number of layers (TPMI)
· Second precoding information
· Antenna ports
· PTRS-DMRS association 
· Second PTRS-DMRS association
· DMRS sequence initialization
Solutions for DCI size alignment
DCI size alignment in current specifications
In the current specifications, the number of DCIs with different payload sizes monitored in a single cell is limited to ease the UE implementation [6]. Therefore, different DCI payload sizes resulting from DWS between CP-OFDM and DFT-S-OFDM (due to different WDFs size) must be aligned. In the specifications, there are two existing ways for aligning DCI payload sizes [6]:  
· DCI size alignment per field, i.e., zero-padding is applied at the end of each field, which is used if the field sizes are misaligned between the DCI that scrambled by C-RNTI and the DCI that scrambled by CS-RNTI .
· DCI size alignment per format, i.e., zero-padding is applied at the end of the DCI payload, which is used for ensuring a limited number of total DCI sizes to be considered by UE.
In case the DCI is scrambled by CS-RNTI, UE can distinguish between whether the DCI is used for activating CG PUSCH type 2 or for scheduling a retransmission of CG PUSCH type 2 (which is also considered as a DG PUSCH) by extracting the NDI bit field. However, the RRC parameters for CG PUSCH type 2 and DG PUSCH are different, meaning that the fields before the NDI field might have different sizes since they depend on the RRC parameters, e.g., the configured waveform. Consequently, the UE will be uncertain about the position of the NDI field; hence the UE will not be able to extract the NDI bit and differentiate between CG PUSCH type 2 activation DCI and DCI that schedules retransmission of CG PUSCH type 2 (considered as DG PUSCH), both are scrambled by CS-RNTI.
To solve this issue, the following clause was introduced in Section 7.3.1.1.2 of TS 38.212 to ensure that the NDI field location is fixed in the DCI:
	<omitted text>
A UE does not expect that the bit width of a field in DCI format 0_1 with CRC scrambled by CS-RNTI is larger than corresponding bit width of same field in DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell. If the bit width of a field in the DCI format 0_1 with CRC scrambled by CS-RNTI is not equal to that of the corresponding field in the DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell, a number of most significant bits with value set to '0' are inserted to the field in DCI format 0_1 with CRC scrambled by CS-RNTI until the bit width equals that of the corresponding field in the DCI format 0_1 with CRC scrambled by C-RNTI for the same serving cell.
<omitted text>



Issues when DCI alignment for DWS between CP-OFDM and DFT-s-OFDM is done per format
Based on the above clause, all fields in the CS-RNTI DCI should have a smaller or the same sizes as their corresponding fields in C-RNTI DCI. Therefore, if DCI size alignment per format is applied for aligning sizes of WDFs for CP-OFDM and DFT-s-OFDM (i.e., zero padding at the end of the payload), the following issues can be identified:
· Given that CS-RNTI DCI can be used either to activate CG PUSCH type 2 (whose waveform is RRC configured) or to schedule a retransmission of CG PUSCH type 2 (whose waveform is indicated by the DCI), UE needs to extract the NDI bit for knowing whether the DCI is activation DCI or scheduling DCI and thus knowing the waveform. However, since there are waveform dependent field(s) before the NDI bit (which require knowledge of waveform for determining the sizes), UE cannot identify the position of the NDI bit, if the alignment (zero padding) is applied at the end of the payload.
· Waveform indicated by C-RNTI DCI may impose several constraints on the usage of the WDFs or the waveform indication field in CS-RNTI. This issue can be illustrated by the following examples: 
· Example 1: If C-RNTI DCI indicates DFT-s-OFDM and the RRC configured waveform for CG PUSCH is CP-OFDM, then for the CS-RNTI DCI with NDI = 0 (i.e., CG PUSCH type 2 activation DCI) at least resource allocation type 0 cannot be used for the FDRA field given that it may end up having the size larger than resource allocation type 1, which is the only resource allocation type supported by DFT-s-OFDM (indicated by C-RNTI DCI in this example).
· Example 2: If C-RNTI DCI indicates DFT-s-OFDM, then for the CS-RNTI DCI with NDI=1 (i.e., scheduling retransmission) the waveform indication field cannot indicate CP-OFDM waveform.
[bookmark: _Toc131678907][bookmark: _Toc131679076][bookmark: _Toc131679108][bookmark: _Toc131680066][bookmark: _Toc131680181][bookmark: _Toc131680861][bookmark: _Toc131680885][bookmark: _Toc131676600][bookmark: _Toc131676762][bookmark: _Toc131677043][bookmark: _Toc131677872][bookmark: _Toc131677926][bookmark: _Toc131682795][bookmark: _Toc131682945][bookmark: _Toc131682967][bookmark: _Toc131682989][bookmark: _Toc131683011][bookmark: _Toc131683033][bookmark: _Toc131683156][bookmark: _Toc131683244][bookmark: _Toc131683280][bookmark: _Toc131683316][bookmark: _Toc131683352][bookmark: _Toc131683388][bookmark: _Toc131683424][bookmark: _Toc131683460][bookmark: _Toc131683496][bookmark: _Toc131683532][bookmark: _Toc131683583][bookmark: _Toc131692283][bookmark: _Toc131692320][bookmark: _Toc131693293]Observation 10. If DCI size alignment for DWS between CP-OFDM and DFT-s-OFDM is done per format, UE cannot identify the position of the NDI bit in case the DCI is scrambled by CS-RNTI.
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Identified solutions in RAN1#112
As discussed, due to the clause introduced in Rel-15, the DCI alignment per format presents several issues. Considering this, in RAN#112 the FL captured four different options in FL’s proposal for DCI alignment in case of DWS.
	FL proposal 2-4r2: 
RAN1 to select one of the following Options for DCI size alignment when DWS indication is configured in DCI format 0_1 or 0_2:

Option 1: Per-format alignment
· Step 1: Determine field sizes of DCI addressed to C-RNTI based on the waveform indicated by DWS field. 
· Step 2: If DCI is addressed to CS-RNTI, align field sizes to that of DCI addressed to C-RNTI based on the waveform indicated by DWS field using the existing C-RNTI/CS-RNTI alignment clause.
· Select between:
· Alt. A:
· By specification, at least one field preceding NDI has size that depends on waveform (e.g. FDRA).
· Note: This implies DWS field must be decoded before finding position of NDI field.
· Note: This implies DWS field must be positioned before the first field that depends on waveform.
· Impact on procedure for PDCCH validation of CG type 2: if DWS field value does not match waveform RRC-configured in ConfiguredGrantConfig for the CG, and NDI=0, it is an error case.
· Alt. B: 
· By specification, no field preceding NDI has size that depends on waveform.
· Note: It seems that it is currently the case for DCI format 0_1/0_2 in R17 (may need further checking)
· Note: This means DWS field does not need to be decoded before finding position of NDI field.
· Note: This means DWS field can be positioned after NDI, but before the first field that depends on waveform.
· No impact on procedure for PDCCH validation of CG type 2. UE can ignore value of DWS field in the validation.
· Step 3: Apply padding at the end of the DCI, if necessary, to match the size of the largest DCI size between (DWS=CP-OFDM) and (DWS=DFT-S-OFDM).

Option 2: Per-field alignment
· Step 1: For C-RNTI, apply padding to each field, if necessary, to match the size of the largest field size between (DWS=CP-OFDM) and (DWS=DFT-S-OFDM).
· Step 2: If DCI is addressed to CS-RNTI, align field sizes to those of C-RNTI according to existing alignment clause between CS-RNTI and C-RNTI.
· Note: DWS field does not need to be decoded before finding position of NDI field or any other field.
· Note: No constraint on position of DWS field in DCI (but positioning before any field that has waveform-dependent interpretation may help implementation).

Option 3: Per-field alignment only for fields preceding NDI field
· Step 1: For fields preceding NDI, apply per-field alignment as per Steps 1 and 2 of Option 2.
· Note: This means DWS field does not need to be decoded before finding position of NDI field.
· Step 2: For fields following NDI, determine field sizes based on DWS as per Steps 1 and 2 of Option 1.
· Step 3: Apply padding at the end of the DCI, if necessary, to match the size of the largest DCI size between (DWS=CP-OFDM) and (DWS=DFT-S-OFDM).
· Note: Option 3 has same features as Option1/Alt-B with respect to impact on PDCCH validation and positioning of DWS field. In case all fields preceding NDI are guaranteed to have size independent of waveform by specification, Option 3 may not be relevant.

Option 4: Per-field alignment only for DCI addressed to CS-RNTI
· For DCI addressed to C-RNTI:
· Step 1: Determine size of fields based on DWS indication.
· Note: This implies DWS field must be positioned before the first field that depends on waveform.
· Step 2: Apply padding at the end of the DCI, if necessary, to match the size of the largest DCI size between (DWS=CP-OFDM) and (DWS=DFT-S-OFDM).
· For DCI addressed to CS-RNTI:
· Apply padding to each field, if necessary, to match the size of the corresponding field for the DCI addressed to C-RNTI and (DWS=CP-OFDM).
· Note: This means DWS field does not need to be decoded before finding position of NDI field in the case of CS-RNTI.
· Note: Field introduced in future specs needs to have size for CP-OFDM at least equal to size for DFT-S-OFDM, or otherwise cannot be used for CS-RNTI and NDI=1. 



Before going into details of each option, it is important to mention that all options, except Option 2, require a modification in the specification (i.e., to the clause mentioned in Section 2.2.1.2.3) to address the issue of NDI field position determination. In other words, the current clause mentioned in Section 2.2.1.2.2 is violated by Options 1, 3, and 4. Otherwise, these options will not be valid since the objective of these options is to find an approach to overcome the beforementioned issue of size alignment between C-RNTI DCI and CS-RNTI DCI when DCI alignment for DWS between CP-OFDM and DFT-s-OFDM is done per format.
In the following, we present the pros and cons for each option:
- Option 1: (DCI alignment per format)
· Pros:
· Smaller DCI payload size, in case a new DFT-S-OFDM WDF (feature) is introduced in the future (e.g., frequency domain spectrum shaping).
· Cons:
· Using Alt. A:
· The position of the DWS field should be located before the first WDF.
· The DWS field must be decoded before the NDI field (violate the legacy behavior).
· In the case of CG type 2, the DWS field must match the waveform RRC-configured in ConfiguredGrantConfig.
· Using Alt. B:
· Any WDF that exists or is to be introduced in the future must be located after the NDI field.  
- Option 2: (DCI alignment per field)
· Pros: 
· A straightforward solution does not require any modification of the current spec.
· No constraint on the location of the DWS field or any WDF.
· Cons:
· Larger DCI size, in case of introducing a new WDF (e.g., frequency domain spectrum shaping). However, this issue could be solved by leveraging the zero-padded bits in the field (see next section).
- Option 3: (Hybrid)
· Pros:
· Similar to option 1 pro: smaller DCI payload size, in case a new WDF (feature) is introduced in the future (e.g., frequency domain spectrum shaping).
· No constraint on the location of the DWS field or any WDF.
· Cons:
· Larger DCI size compared to option 1 (DCI alignment per format), since the WDFs before the NDI field are aligned per field — similar to the con of option 2. (DCI option 2 > DCI option 3 > DCI option 1)
- Option 4: (Hybrid)
· Pros:
· In the case of C-RNTI, we have a pro similar to option 1: smaller DCI payload size in case a new WDF (feature) is introduced in the future (e.g., frequency domain spectrum shaping).
· Cons:
· The position of the DWS field should be located before the first WDF.
· Regarding CS-RNTI with NDI=1 (DG), we have a con similar to option 2: Larger DCI size in case of introducing a new WDF (e.g., frequency domain spectrum shaping).
After considering each option presented in the FL proposal, it is evident that option 2 is the best since it is straightforward and the only solution that does not require a modification to the spec. Moreover, the advantage offered by the other options is insignificant and does not justify the necessity of the spec modification.
[bookmark: _Toc131415327][bookmark: _Toc131605377][bookmark: _Toc131605825][bookmark: _Toc131680863][bookmark: _Toc131680887][bookmark: _Toc131682797][bookmark: _Toc131682947][bookmark: _Toc131682969][bookmark: _Toc131682991][bookmark: _Toc131683013][bookmark: _Toc131683035][bookmark: _Toc131683158][bookmark: _Toc131683246][bookmark: _Toc131683282][bookmark: _Toc131683318][bookmark: _Toc131683354][bookmark: _Toc131683390][bookmark: _Toc131683426][bookmark: _Toc131683462][bookmark: _Toc131683498][bookmark: _Toc131683534][bookmark: _Toc131683585][bookmark: _Toc131692285][bookmark: _Toc131692322][bookmark: _Toc131693295]Observation 12. In case down-selecting one out of the four options identified in RAN1#112 for DCI size alignment in case of DWS between CP-OFDM and DFT-s-OFDM, Option 2 is the best option given the compatibility with the current specifications and doesn’t introduce any issue except potential higher payload size in case a DFT-s-OFDM waveform dependent field is introduced in the future.
Potential solution for DCI alignment per format (Option 5):
[bookmark: _Hlk130533608]Given the advantage of DCI size alignment per format in case DFT-s-OFDM waveform dependent field(s) is/are introduced in the future, RAN1 can study option to introduce DCI alignment per format without violating the current clause in the specification. For example, the following option (referred to as Option 5) can be considered.
Zero padding per field or per format for a current DCI depending on the RNTI scrambled by the current DCI and the waveform indicated by the latest DCI scrambled by C-RNTI prior to the current DCI:
· For DCI formats scrambled by C-RNTI, zero padding for WDFs is applied at the end of the DCI payload.
· For DCI formats scrambled by CS-RNTI, 
· If the latest DWS waveform indicated by DCI scrambled by C-RNTI is CP-OFDM
· Apply zero padding per field (Figure 1(b)), if any, for aligning all fields of DCI scrambled by CS-RNTI to those of DCI scrambled by C-RNTI with CP-OFDM waveform (legacy behavior, similar to when CP-OFDM is configured in PUSCH-Config and DFT-s-OFDM is configured in ConfiguredGrant-Config).
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[bookmark: _Ref131655616]Figure 1. (a) Latest DCI scrambled with C-RNTI and indicating CP-OFDM, (b) DCI scrambled with CS-RNTI indicating DFT-S-OFDM.
· If the latest DWS waveform indicated by DCI scrambled by C-RNTI is DFT-s-OFDM (Figure 2(a))
· UE assumes that field sizes of the WDFs are of the sizes associated with DFT-s-OFDM for reading NDI. 
· If NDI = 0 and the RRC configured waveform for CG is CP-OFDM or if NDI = 1 and the DWS field indicates CP-OFDM
· Apply zero padding per field for all non-WDFs (legacy behavior).
· For any WDF that has larger size for CP-OFDM (e.g.,  bits) compared to that for DFT-S-OFDM (e.g., ), 
· The  bits are partitioned into two parts (Figure 2 (b)): 
· 1st part includes  bits and be conveyed by the corresponding field (given that UE assumes that the field size of WDFs are of the sizes associated with DFT-s-OFDM in this case).
· 2nd part includes the remaining () bits and be added after the last field of the DCI format (instead of applying zeros).
· If there are more than one WDF that has larger size for CP-OFDM compared to that for DFT-S-OFDM, the order of the second parts of these fields (to be added after the last field of the DCI format) follows the order of the WDFs in the DCI format (Figure 2(b)).
· If NDI = 0 and the RRC configured waveform for CG is DFT-s-OFDM or if NDI = 1 (DG) and the DWS field indicates DFT-s-OFDM
· Apply zero padding per field for all non-WDFs (legacy behavior)
· No issue with WDFs
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[bookmark: _Ref131656821]Figure 2. (a) Latest DCI scrambled with C-RNTI indicating DFT-S-OFDM, (b) DCI scrambled with CS-RNTI indicating CP-OFDM.
This option allows DCI alignment per format without violating the zero padding per field clause (for DCI scrambled by C-RNTI vs. CS-RNTI) in the specification.
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· Option 2: DCI size alignment per field.
· Option 5: Zero padding per field or per format for a current DCI depending on the RNTI scrambled by the current DCI and the waveform indicated by the latest DCI scrambled by C-RNTI prior to the current DCI as follows.
· If the current DCI format is scrambled by C-RNTI, zero padding per format is used.
· If the current DCI format is scrambled by CS-RNTI, 
· If the latest DWS waveform indicated by DCI scrambled by C-RNTI is CP-OFDM, zero padding per field is used.
· If the latest DWS waveform indicated by DCI scrambled by C-RNTI is DFT-s-OFDM, UE assumes that field sizes of the waveform dependent fields (WDFs) are of the sizes associated with DFT-s-OFDM for reading NDI.
· If NDI = 0 and the RRC configured waveform for CG is DFT-s-OFDM or if NDI = 1 and the DWS field indicates DFT-s-OFDM, zero padding per field is used (if any, no misalignment for WDFs).
· If NDI = 0 and the RRC configured waveform for CG is CP-OFDM or if NDI = 1 and the DWS field indicates CP-OFDM, split a WDF of size  bits into two parts.
· First part includes  bits and be conveyed by the corresponding field (given that UE assumes that the field sizes of WDFs are of the sizes associated with DFT-s-OFDM in this case).
· Second part includes the remaining () bits and be added after the last field of the DCI format (instead of applying zeros).
Solutions to tackle overhead due to DCI size alignment
It’s worth highlighting that zero-padded bits always exist in the DCI even if they are not needed for the indicated waveform. In particular, considering the case of switching from CP-OFDM to DFT-S-OFDM, the zero padded bits become overhead and totally useless leading to decreasing the performance of the PDCCH carrying the DCI, given that a larger number of information bits will require a larger SNR at the receiver for a certain target BLER.  
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Therefore, there is a clear motivation to study solutions for tackling the overhead drawback. Two solutions, which can be used together, to tackle the drawback, namely:
· Solution 1: Leveraging the zero-padded bits for other uses.
· Solution 2: Minimizing the appearance of the zero-padded bits.
Solution 1: Leveraging the zero-padded bits for other uses.
If zero-padding is unavoidable, leveraging the zero-padded bits for other uses could be one solution to tackle overhead introduced by zero-padding, i.e., making the zero-padded bits being information bits. Indeed, assuming that scheduling DCI indicates waveform switching (e.g., via the new 1-bit field as per the WA), UE would be able to determine positions of the zero-padded bits in each impacted waveform dependent field. Given that positions of the padded bits are fixed and known to the UE, they can be leveraged for other uses. For example, they can be used for indicating different variations of DFT-s-OFDM (e.g., FDSS-SE) in case DFT-S-OFDM is indicated by the new 1-bit field. Other usages of the leveraged padded bits can be further discussed. Therefore, it is worth further studying how to leverage the padded bits in the impacted waveform dependent fields due to DWS and the usage of the leveraged padded bits.
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Solution 2: Minimizing the appearance of the zero-padded bits
To minimize the appearance of the zero-padded bits, some conditions on the allocation of PDCCH that conveys scheduling DCI can be used for checking whether there is DWS indication (and hence zero-padded bits). Figure 3 shows an example on how to avoid constant DCI overhead and scheduling restrictions. This example considers a time duration T which is repeated in time. Only PDCCH received within T can indicate DWS for the corresponding PUSCH (i.e., DCI contains the new 1-bit field and zero-padded bits), whereas PDCCH received outside T cannot indicate DWS for the corresponding PUSCH (i.e., DCI does not contain the new 1-bit field and zero-padded bits). It is worth noting that this solution does not require the DWS indication to be applied for subsequent PUSCHs. In addition, this solution does not increase DCI size budget (i.e., the total number of DCI sizes expected by UE at a point in time) since the total number of DCI sizes inside T and outside T are the same, and the UE knows where is T and so it knows the exact UL DCI size to apply for decoding.
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[bookmark: _Ref118526571]Figure 3. Example of minimizing the appearance of the zero-padded bits.
[bookmark: _Ref127482841][bookmark: _Toc131415331][bookmark: _Toc131605381][bookmark: _Toc131605829][bookmark: _Toc131680405][bookmark: _Toc131680904][bookmark: _Toc131681866][bookmark: _Toc131682813][bookmark: _Toc131682889][bookmark: _Toc131682902][bookmark: _Toc131682915][bookmark: _Toc131682928][bookmark: _Toc131683051][bookmark: _Toc131683174][bookmark: _Toc131683262][bookmark: _Toc131683298][bookmark: _Toc131683334][bookmark: _Toc131683370][bookmark: _Toc131683406][bookmark: _Toc131683442][bookmark: _Toc131683478][bookmark: _Toc131683514][bookmark: _Toc131683551][bookmark: _Toc131683565][bookmark: _Toc131692302][bookmark: _Toc131692339]Proposal 6. To reduce the DCI size alignment overhead, RAN1 to adopt the following solution to minimize the appearance of the new 1-bit field and the padded bits: 
· Only PDCCH received within T can indicate DWS for the corresponding PUSCH (i.e., DCI contains the new 1-bit field and padded bits), while PDCCH received outside T cannot indicate DWS (i.e., DCI does not contain the new 1-bit field and zero-padded bits).
· Note: This solution does not require the DWS indication to be applied for subsequent PUSCHs.

Other aspects
FDRA type with DWS
Given that FDRA resource allocation type 0 is not feasible for DFT-S-OFDM, several companies offer alternatives for handling FDRA type configuration when dynamic waveform switching is configured. Based on the FL summary, three alternatives were proposed:
· Alt-1: Configuration of FDRA type to Type 0 is error case
· MSB of FDRA set to 0 is error case if DFT-S-OFDM is indicated and FDRA type is set to dynamicSwitch
· Alt-2: If FDRA type is configured to Type 0, UE applies FDRA type 1 for DFT-S-OFDM and FDRA type 0 for CP-OFDM
· Alt-3: Introduce additional RRC parameter for FDRA type applicable to DFT-S-OFDM
In case FDRA resource allocation type is RRC configured, it can be observed that Alt-2 has less specification impact and can be applicable regardless of DCI size alignment solution. 
In case FDRA resource allocation type is dynamically indicated (i.e., when DynamicSwitch is configured for resourceAllocation), the same concept as per Alt-2, i.e., UE applies FDRA type 1 for DFT-S-OFDM and FDRA type 0 for CP-OFDM, also works in this case regardless of the DCI size alignment solution. Indeed, regardless of the DCI size alignment (i.e., either Option 2 or Option 1), the same concept as per Alt-2 can be applied. Specifically,
· If DWS field indicates DFT-S-OFDM, the MSB of FDRA field can be ignored, and the UE will apply FDRA type 1.
· If DWS field indicates CP-OFDM, based on the MSB, the UE will apply type 0 (MSB=0) or 1 (MSB=1).
[bookmark: _Toc131693297]Observation 14. UE applying FDRA type 1 for DFT-S-OFDM and FDRA type 0 for CP-OFDM works regardless of whether the resource allocation type is RRC configured or dynamically indicated and regardless of DCI size alignment solution.
[bookmark: _Toc131692287][bookmark: _Toc131692324]Enhancements to assist the scheduler in determining waveform switching
In RAN1#111 meeting, following was agreed on the potential enhancements to assist the scheduler in determining waveform switching:
	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#111, the necessity of reporting assistance information from UE to gNB was identified and discussed. The motivation for reporting assistance information is that only the UE knows its power head room for power boosting when switching to a target waveform. The specification defines only requirements for UE minimum transmit power for certain MCS (TS 38.101-1). In contrast, when adapting the UE Tx power and/or considering waveform switching, gNB knows only the maximum power reduction (MPR) requirement defined by RAN4 specs, as well as PHR of the current waveform reported by the UE.​ Therefore, it is beneficial for gNB to be exposed to the information known by the UE. From the discussions in RAN1#111, such assistance information can be reported in two ways, namely in form of PHR of the target waveform or letting UE recommend a waveform via L1 signaling. In either way, the assistance information is essential for gNB to select good waveform in different coverage scenarios, which completes the DWS feature. Without the assistance information, gNB may blindly switch back and forth between the two waveforms, which may not provide clear benefit while it may unnecessarily increase signaling overhead. Therefore, enhancements to assist the scheduler in determining waveform switching should be specified.
[bookmark: _Ref127482340][bookmark: _Toc131415282][bookmark: _Toc131415967][bookmark: _Toc131415984][bookmark: _Toc131416001][bookmark: _Toc131416018][bookmark: _Toc131496963][bookmark: _Toc131502028][bookmark: _Toc131605364][bookmark: _Toc131605812][bookmark: _Toc131678911][bookmark: _Toc131679080][bookmark: _Toc131679112][bookmark: _Toc131680070][bookmark: _Toc131680185][bookmark: _Toc131680866][bookmark: _Toc131680890][bookmark: _Toc131676604][bookmark: _Toc131676766][bookmark: _Toc131677047][bookmark: _Toc131677876][bookmark: _Toc131677930][bookmark: _Toc131682800][bookmark: _Toc131682950][bookmark: _Toc131682972][bookmark: _Toc131682994][bookmark: _Toc131683016][bookmark: _Toc131683038][bookmark: _Toc131683161][bookmark: _Toc131683249][bookmark: _Toc131683285][bookmark: _Toc131683321][bookmark: _Toc131683357][bookmark: _Toc131683393][bookmark: _Toc131683429][bookmark: _Toc131683465][bookmark: _Toc131683501][bookmark: _Toc131683537][bookmark: _Toc131683588][bookmark: _Toc131692288][bookmark: _Toc131692325][bookmark: _Toc131693298]Observation 15. The assistance information is essential for gNB to select a suitable waveform in different coverage scenarios, which completes the DWS feature. Without the assistance information, gNB may blindly switch back and forth between the two waveforms, which may not provide clear benefit while it may unnecessarily increase signaling overhead.
[bookmark: _Ref127482858][bookmark: _Toc131415332][bookmark: _Toc131605382][bookmark: _Toc131605830][bookmark: _Toc131680406][bookmark: _Toc131680905][bookmark: _Toc131681867][bookmark: _Toc131682814][bookmark: _Toc131682890][bookmark: _Toc131682903][bookmark: _Toc131682916][bookmark: _Toc131682929][bookmark: _Toc131683052][bookmark: _Toc131683175][bookmark: _Toc131683263][bookmark: _Toc131683299][bookmark: _Toc131683335][bookmark: _Toc131683371][bookmark: _Toc131683407][bookmark: _Toc131683443][bookmark: _Toc131683479][bookmark: _Toc131683515][bookmark: _Toc131683552][bookmark: _Toc131683566][bookmark: _Toc131692303][bookmark: _Toc131692340]Proposal 7. RAN1 to specify enhancements to assist the scheduler in determining waveform switching.
For reporting assistance information in form of PHR of the target waveform, it can be observed from the above agreement that at least the following main aspects should be further discussed/clarified in RAN1:
· Details on power headroom related information, including definition of target waveform, definition of target RB allocation, definition of target modulation order, and content of the assistance information to be reported in PHR.
· Details on triggering the PHR, including conditions/events that trigger the PHR.
Details on power headroom (PH) related information
Concerning definition of target waveform, it is straightforward to consider at least the waveform other than current waveform as target waveform. Otherwise, the assistance information only provides gNB with the updated PH of the current waveform, which may not be sufficient for the scheduler to select a waveform.
[bookmark: _Ref127482863][bookmark: _Toc131415333][bookmark: _Toc131605383][bookmark: _Toc131605831][bookmark: _Toc131680407][bookmark: _Toc131680906][bookmark: _Toc131681868][bookmark: _Toc131682815][bookmark: _Toc131682891][bookmark: _Toc131682904][bookmark: _Toc131682917][bookmark: _Toc131682930][bookmark: _Toc131683053][bookmark: _Toc131683176][bookmark: _Toc131683264][bookmark: _Toc131683300][bookmark: _Toc131683336][bookmark: _Toc131683372][bookmark: _Toc131683408][bookmark: _Toc131683444][bookmark: _Toc131683480][bookmark: _Toc131683516][bookmark: _Toc131683553][bookmark: _Toc131683567][bookmark: _Toc131692304][bookmark: _Toc131692341]Proposal 8. For enhancements to assist the scheduler in determining waveform switching, RAN1 to consider at least the waveform other than current waveform as target waveform.
Concerning definition of target RB allocation and target modulation order, although using the same RB allocation and modulation order used for measuring PH of current waveform may allow minimum specification impact. Moreover, this approach does not provide a precise PH related information of the target waveform in case it is used for UL transmission in different RB regions and/or with different modulation order. Therefore, RAN1 should consider both cases when target RB allocation and modulation order are the same or different from the ones used for measuring PH of current waveform.
[bookmark: _Ref127482348][bookmark: _Toc131415283][bookmark: _Toc131415968][bookmark: _Toc131415985][bookmark: _Toc131416002][bookmark: _Toc131416019][bookmark: _Toc131496964][bookmark: _Toc131502029][bookmark: _Toc131605365][bookmark: _Toc131605813][bookmark: _Toc131678912][bookmark: _Toc131679081][bookmark: _Toc131679113][bookmark: _Toc131680071][bookmark: _Toc131680186][bookmark: _Toc131680867][bookmark: _Toc131680891][bookmark: _Toc131676605][bookmark: _Toc131676767][bookmark: _Toc131677048][bookmark: _Toc131677877][bookmark: _Toc131677931][bookmark: _Toc131682801][bookmark: _Toc131682951][bookmark: _Toc131682973][bookmark: _Toc131682995][bookmark: _Toc131683017][bookmark: _Toc131683039][bookmark: _Toc131683162][bookmark: _Toc131683250][bookmark: _Toc131683286][bookmark: _Toc131683322][bookmark: _Toc131683358][bookmark: _Toc131683394][bookmark: _Toc131683430][bookmark: _Toc131683466][bookmark: _Toc131683502][bookmark: _Toc131683538][bookmark: _Toc131683589][bookmark: _Toc131692289][bookmark: _Toc131692326][bookmark: _Toc131693299]Observation 16. Although using the same RB allocation and modulation order used for measuring PH of current waveform may allow minimum specification impact, this approach does not provide a precise PH related information of the target waveform in case it is used for UL transmission in different RB regions and/or with different modulation order.
[bookmark: _Ref127482869][bookmark: _Toc131415334][bookmark: _Toc131605384][bookmark: _Toc131605832][bookmark: _Toc131680408][bookmark: _Toc131680907][bookmark: _Toc131681869][bookmark: _Toc131682816][bookmark: _Toc131682892][bookmark: _Toc131682905][bookmark: _Toc131682918][bookmark: _Toc131682931][bookmark: _Toc131683054][bookmark: _Toc131683177][bookmark: _Toc131683265][bookmark: _Toc131683301][bookmark: _Toc131683337][bookmark: _Toc131683373][bookmark: _Toc131683409][bookmark: _Toc131683445][bookmark: _Toc131683481][bookmark: _Toc131683517][bookmark: _Toc131683554][bookmark: _Toc131683568][bookmark: _Toc131692305][bookmark: _Toc131692342]Proposal 9. RAN1 should consider both cases when target RB allocation and modulation order are the same or different from the ones used for measuring PH of current waveform.
Concerning content of the assistance information to be reported in PHR, it is worth noting that the granularity of the existing PHR (of current waveform) is sparse in time domain, therefore it may be outdated at the time when UE reports assistance information (having PHR related information of target waveform). Therefore, it is beneficial to report PHR related information of both current and target waveforms at the same time, which can be done in two ways as follows.
· Option 1: Assistance information contains PHRs of current and target waveforms. 
· Option 2: Assistance information contains PHR of current waveform and a difference between PHs (or  values) of the current waveform and target waveform.
Both options should provide scheduler information about PHs of current and target waveforms. However, each option has pros and cons in terms of applicability as follows.
For Option 1, 
· Pros: 
· providing PH related information of both current and target waveforms regardless of the target resource allocation and/or target modulation order.
· low specification impact, given that the existing way of calculating and reporting PHR can be reused.
· Cons: may require more overhead for reporting than Option 2.
For Option 2,
· Pros: potentially offering better accuracy due to smaller quantization size or less overhead for reporting due to smaller range to be reported.
· Cons: does not work in case target resource allocation and/or target modulation order are different from the ones used for measuring PH of current waveform, as shown in Figure 5.
Let us refer to  as required Tx power for a PUSCH transmission, which is different for different resource allocations () for the PUSCH transmission. The Type 1 PH for a PUSCH transmission is then calculated by taking a difference between UE configured maximum output power () associated to the PUSCH transmission and the required Tx power for the PUSCH transmission. Note that  is also different for different waveforms, resource allocations (RB regions), and modulation orders. 
Figure 4 illustrates an example wherein Option 2 can be used for determining PH of target waveform (WF) from PH of current waveform and the difference () between the two PHs (or two  values), only when required Tx power for current PUSCH is the same as required Tx power for target PUSCH. 
[image: ]
[bookmark: _Ref127388466]Figure 4. An example when PH for target WF can be determined from PH for current WF and Δ_P, when required Tx power for target PUSCH is the same as that for current PUSCH.
In contrast, Figure 5 illustrates an example wherein Option 2 cannot be used for determining PH of target waveform from PH of current waveform and , in case required Tx power for current PUSCH is different from required Tx power for target PUSCH. Indeed, in this scenario, what may be determined by Option 2 (from PH of current waveform and ) is only  for target waveform.
[image: ]
[bookmark: _Ref127388435]Figure 5. An example when PH for target WF cannot be determined from PH for current WF and , when required Tx power for target PUSCH is different from that for current PUSCH.
[bookmark: _Ref127482357][bookmark: _Toc131415284][bookmark: _Toc131415969][bookmark: _Toc131415986][bookmark: _Toc131416003][bookmark: _Toc131416020][bookmark: _Toc131496965][bookmark: _Toc131502030][bookmark: _Toc131605366][bookmark: _Toc131605814][bookmark: _Toc131678913][bookmark: _Toc131679082][bookmark: _Toc131679114][bookmark: _Toc131680072][bookmark: _Toc131680187][bookmark: _Toc131680868][bookmark: _Toc131680892][bookmark: _Toc131676606][bookmark: _Toc131676768][bookmark: _Toc131677049][bookmark: _Toc131677878][bookmark: _Toc131677932][bookmark: _Toc131682802][bookmark: _Toc131682952][bookmark: _Toc131682974][bookmark: _Toc131682996][bookmark: _Toc131683018][bookmark: _Toc131683040][bookmark: _Toc131683163][bookmark: _Toc131683251][bookmark: _Toc131683287][bookmark: _Toc131683323][bookmark: _Toc131683359][bookmark: _Toc131683395][bookmark: _Toc131683431][bookmark: _Toc131683467][bookmark: _Toc131683503][bookmark: _Toc131683539][bookmark: _Toc131683590][bookmark: _Toc131692290][bookmark: _Toc131692327][bookmark: _Toc131693300]Observation 17. Reporting PHRs of both current and target waveforms ensures PH related information of both waveforms are reported regardless of the target resource allocation and/or target modulation order. In addition, this approach offers lower specification impact.
[bookmark: _Ref127482364][bookmark: _Toc131415285][bookmark: _Toc131415970][bookmark: _Toc131415987][bookmark: _Toc131416004][bookmark: _Toc131416021][bookmark: _Toc131496966][bookmark: _Toc131502031][bookmark: _Toc131605367][bookmark: _Toc131605815][bookmark: _Toc131678914][bookmark: _Toc131679083][bookmark: _Toc131679115][bookmark: _Toc131680073][bookmark: _Toc131680188][bookmark: _Toc131680869][bookmark: _Toc131680893][bookmark: _Toc131676607][bookmark: _Toc131676769][bookmark: _Toc131677050][bookmark: _Toc131677879][bookmark: _Toc131677933][bookmark: _Toc131682803][bookmark: _Toc131682953][bookmark: _Toc131682975][bookmark: _Toc131682997][bookmark: _Toc131683019][bookmark: _Toc131683041][bookmark: _Toc131683164][bookmark: _Toc131683252][bookmark: _Toc131683288][bookmark: _Toc131683324][bookmark: _Toc131683360][bookmark: _Toc131683396][bookmark: _Toc131683432][bookmark: _Toc131683468][bookmark: _Toc131683504][bookmark: _Toc131683540][bookmark: _Toc131683591][bookmark: _Toc131692291][bookmark: _Toc131692328][bookmark: _Toc131693301]Observation 18. Reporting PHR of current waveform and a difference between PHs (or  values) of the current waveform and target waveform not only requires higher specification impact, but also does not ensure that PH related information of the target waveform can be determined by gNB, at least in case required Tx power for current PUSCH is different from required Tx power for target PUSCH.
[bookmark: _Ref127482875][bookmark: _Toc131415335][bookmark: _Toc131605385][bookmark: _Toc131605833][bookmark: _Toc131680409][bookmark: _Toc131680908][bookmark: _Toc131681870][bookmark: _Toc131682817][bookmark: _Toc131682893][bookmark: _Toc131682906][bookmark: _Toc131682919][bookmark: _Toc131682932][bookmark: _Toc131683055][bookmark: _Toc131683178][bookmark: _Toc131683266][bookmark: _Toc131683302][bookmark: _Toc131683338][bookmark: _Toc131683374][bookmark: _Toc131683410][bookmark: _Toc131683446][bookmark: _Toc131683482][bookmark: _Toc131683518][bookmark: _Toc131683555][bookmark: _Toc131683569][bookmark: _Toc131692306][bookmark: _Toc131692343]Proposal 10. For the content of assistance information to be reported in PHR, RAN1 to consider at least the case when assistance information contains PHRs of current and target waveforms.
Details on triggering the report of assistance information
In order to avoid reporting overhead, multiple conditions should be considered for triggering the report of assistance information. These conditions can be classified into two categories, namely necessary conditions, and sufficient conditions. 
The sufficient conditions could be conditions that make the report of assistance information being meaningful to gNB. For example, UE only considers reporting if there is a change in pathloss (PL) and a change in PH difference between the two waveforms compared to the previous report. Otherwise, if there is no change in PL and PH difference between the two waveforms (or if the change is very small), reporting also PH related information of target waveform may not provide gNB any additional information for waveform selection.
[bookmark: _Ref127482374][bookmark: _Toc131415286][bookmark: _Toc131415971][bookmark: _Toc131415988][bookmark: _Toc131416005][bookmark: _Toc131416022][bookmark: _Toc131496967][bookmark: _Toc131502032][bookmark: _Toc131605368][bookmark: _Toc131605816][bookmark: _Toc131678915][bookmark: _Toc131679084][bookmark: _Toc131679116][bookmark: _Toc131680074][bookmark: _Toc131680189][bookmark: _Toc131680870][bookmark: _Toc131680894][bookmark: _Toc131676608][bookmark: _Toc131676770][bookmark: _Toc131677051][bookmark: _Toc131677880][bookmark: _Toc131677934][bookmark: _Toc131682804][bookmark: _Toc131682954][bookmark: _Toc131682976][bookmark: _Toc131682998][bookmark: _Toc131683020][bookmark: _Toc131683042][bookmark: _Toc131683165][bookmark: _Toc131683253][bookmark: _Toc131683289][bookmark: _Toc131683325][bookmark: _Toc131683361][bookmark: _Toc131683397][bookmark: _Toc131683433][bookmark: _Toc131683469][bookmark: _Toc131683505][bookmark: _Toc131683541][bookmark: _Toc131683592][bookmark: _Toc131692292][bookmark: _Toc131692329][bookmark: _Toc131693302]Observation 19. If there is no change in PL and PH difference between the two waveforms compared to the previous report (or if the change is very small), reporting also PH related information of target waveform may not provide gNB any additional information for waveform selection.
The necessary conditions could be time conditions that tell UE when to report the assistance information (if the sufficient conditions are satisfied). These conditions help in reducing signaling overhead and in avoiding throughput reduction, given that density of the events that the sufficient conditions are satisfied may be very high or very low, depending on UE’s coverage situation. We foresee the following alternatives for the (necessary) time conditions.
· Alt. 1 (semi-static): Triggering the report periodically according to a timer that coexists with the existing timer for PHR triggering.
· Alt. 2 (dynamic): Triggering the report immediately when waveform is switched (i.e., using DWS as a triggering event).
· Alt. 3 (dynamic): Triggering the report after a timer expires, wherein the timer starts when waveform is switched.
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[bookmark: _Ref126688583]Figure 6. An example of triggering the report according to a second timer which reference to previous report (Alt. 1).
Alt. 1 relies on a semi-static configuration of a timer, which triggers the PH report of both waveforms, as shown in Figure 6, on top of the existing timer that triggers the PH report of current waveform only. Main drawback of Alt. 1 is that, given that the timer is semi-statically configured, the PH report of both waveforms may be too far from waveform switching events (which are dynamic). This makes the report being outdated easily, especially in case the timer is configured to be greater than the existing timer, whose minimum value is 10 subframes. In contrast, configuring the timer to be smaller than the existing timer leads to significant overhead.
[bookmark: _Ref127482385][bookmark: _Toc131415287][bookmark: _Toc131415972][bookmark: _Toc131415989][bookmark: _Toc131416006][bookmark: _Toc131416023][bookmark: _Toc131496968][bookmark: _Toc131502033][bookmark: _Toc131605369][bookmark: _Toc131605817][bookmark: _Toc131678916][bookmark: _Toc131679085][bookmark: _Toc131679117][bookmark: _Toc131680075][bookmark: _Toc131680190][bookmark: _Toc131680871][bookmark: _Toc131680895][bookmark: _Toc131676609][bookmark: _Toc131676771][bookmark: _Toc131677052][bookmark: _Toc131677881][bookmark: _Toc131677935][bookmark: _Toc131682805][bookmark: _Toc131682955][bookmark: _Toc131682977][bookmark: _Toc131682999][bookmark: _Toc131683021][bookmark: _Toc131683043][bookmark: _Toc131683166][bookmark: _Toc131683254][bookmark: _Toc131683290][bookmark: _Toc131683326][bookmark: _Toc131683362][bookmark: _Toc131683398][bookmark: _Toc131683434][bookmark: _Toc131683470][bookmark: _Toc131683506][bookmark: _Toc131683542][bookmark: _Toc131683593][bookmark: _Toc131692293][bookmark: _Toc131692330][bookmark: _Toc131693303]Observation 20. For Alt. 1 (triggering the report periodically according to a timer that coexists with the existing timer for PHR triggering), given that the timer is semi-statically configured, the PH report of both waveforms may be too far from waveform switching events (which are dynamic). This makes the report being outdated easily, especially in case the timer is configured to be greater than the existing timer.
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[bookmark: _Ref126688699]Figure 7. An example of triggering the report immediately when waveform is switched.
Alt. 2 leverages the dynamic indication of waveform to dynamically trigger the report of both PHs, as illustrated in Figure 7. Similar to Alt. 1, main drawback of Alt. 2 is also that the report may become outdated at the time gNB would like to use it for DWS decision, given that gNB would not change waveform so frequently in practice (this is also a common understanding among companies in RAN1#110b-e [2]). In contrast, if gNB changed waveform frequently, Alt. 2 would introduce significant overhead.
[bookmark: _Ref127482394][bookmark: _Toc131415288][bookmark: _Toc131415973][bookmark: _Toc131415990][bookmark: _Toc131416007][bookmark: _Toc131416024][bookmark: _Toc131496969][bookmark: _Toc131502034][bookmark: _Toc131605370][bookmark: _Toc131605818][bookmark: _Toc131678917][bookmark: _Toc131679086][bookmark: _Toc131679118][bookmark: _Toc131680076][bookmark: _Toc131680191][bookmark: _Toc131680872][bookmark: _Toc131680896][bookmark: _Toc131676610][bookmark: _Toc131676772][bookmark: _Toc131677053][bookmark: _Toc131677882][bookmark: _Toc131677936][bookmark: _Toc131682806][bookmark: _Toc131682956][bookmark: _Toc131682978][bookmark: _Toc131683000][bookmark: _Toc131683022][bookmark: _Toc131683044][bookmark: _Toc131683167][bookmark: _Toc131683255][bookmark: _Toc131683291][bookmark: _Toc131683327][bookmark: _Toc131683363][bookmark: _Toc131683399][bookmark: _Toc131683435][bookmark: _Toc131683471][bookmark: _Toc131683507][bookmark: _Toc131683543][bookmark: _Toc131683594][bookmark: _Toc131692294][bookmark: _Toc131692331][bookmark: _Toc131693304]Observation 21. For Alt. 2 (triggering the report immediately when waveform is switched), the report may become outdated at the time gNB would like to use it for DWS decision, given that gNB would not change waveform so frequently in practice. In contrast, if gNB changed waveform frequently, Alt. 2 would introduce significant overhead.
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[bookmark: _Ref127464482]Figure 8. An example of triggering the report after a timer expires, wherein the timer starts when waveform is switched (Alt. 3).
Alt. 3 leverages both the dynamic indication of waveform event and a timer starting from that, such that it can tackle the drawbacks of Alt. 1 and Alt. 2. Indeed, Alt. 3 not only can dynamically adapt the report of both PHs to dynamic waveform switching events but also can avoid unnecessary overhead and outdated report (see Figure 8). In addition, Alt. 3 may also include Alt. 2 in case the timer in Alt. 3 is equal to zero. Finally, depending on whether the timer in Alt. 3 is semi-statically configured or can also be dynamically indicated (e.g., by leveraging some zero padded bits due to DCI size alignment as mentioned in Section 2.1), it may provide more flexibility for gNB to reduce overhead.
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· Alt. 3 not only can dynamically adapt the report of both PHs to dynamic waveform switching events, but also can avoid unnecessary overhead and outdated report.
· Alt. 3 may also include Alt. 2 (triggering the report immediately when waveform is switched) in case the timer in Alt. 3 is equal to zero.
· Depending on whether the timer in Alt. 3 is semi-statically configured or can also be dynamically indicated, it may provide more flexibility for gNB to reduce overhead.
From the above analysis, we propose the following:
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· There is a change in PL compared to that in previous report.
· There is a change in PH difference between the two waveforms compared to that in previous report.
· A timer, which starts from latest DWS event, expires.
· FFS: whether the timer is semi-statically configured or can also be dynamically indicated.
· FFS: values of the timer.
One aspect that should also be considered for reporting the assistance information (i.e., PHR related information of the current and target waveform) is when there is overlapping between the report and the existing PHR of the current waveform.
[bookmark: _Ref127483086][bookmark: _Toc131415337][bookmark: _Toc131605387][bookmark: _Toc131605835][bookmark: _Toc131680411][bookmark: _Toc131680910][bookmark: _Toc131681872][bookmark: _Toc131682819][bookmark: _Toc131682895][bookmark: _Toc131682908][bookmark: _Toc131682921][bookmark: _Toc131682934][bookmark: _Toc131683057][bookmark: _Toc131683180][bookmark: _Toc131683268][bookmark: _Toc131683304][bookmark: _Toc131683340][bookmark: _Toc131683376][bookmark: _Toc131683412][bookmark: _Toc131683448][bookmark: _Toc131683484][bookmark: _Toc131683520][bookmark: _Toc131683557][bookmark: _Toc131683571][bookmark: _Toc131692308][bookmark: _Toc131692345]Proposal 12. RAN1 to further discuss the scenario when the report of PHR related information of the current and target waveforms is close to or overlaps with the existing PHR of the current waveform.
[bookmark: _Toc67700564]Discussion on DWS for UL CA and mTRP scenarios
In previous RAN1 meeting, the applicability of DWS to UL mTRP and CA scenarios is raised, and this point is motivated by different channel conditions between TRPs or CCs.
UL carrier aggregation:
Concerning UL CA scenario, the current specs support different waveforms and modulations between CCs. However, DWS could not provide the intended advantage in all cases. For instance, the largest MPR should be considered in intra-band contiguous CA as mentioned in section 6.2A.2.1 of TS 38.101 and thus CC in poor coverage cannot fully take advantage for higher Pcmax to enhance the coverage with the mixed signal passed to same power amplifier. However, DWS in other UL CA cases is valid and could maximize the achievable throughput and/or minimize the energy consumption by UE (e.g., DFTsOFDM could be used in one or more CCs to enhance power amplifier efficiency and thus save UE power in UL CA). 
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The DWS for UL CA indication may not be limited to only the case of applying jointly the indicated waveform for all CCs. Instead, to optimize throughput, coverage and/or UE energy efficiency, the indication of DWS in DCI may need to maintain the ability to configure different waveforms between CCs.
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PUSCH mTRP:
In RAN1#111 and RAN1#112, there was some discussions on whether DWS is supported in different scenarios with different requirements. Considering Rel-18 MIMO WID mTRP enhancements in, e.g., extension of indicating of multiple DL/UL TCI states and simultaneous multi-panel UL transmission on one hand, and 1-bit DCI field for DWS indication on the other hand, supporting different waveforms to different TRPs requires further studies. As TRP could be on different positions facing different channel conditions, UE may suffer from poor coverage with respect to one TRP and benefit a good coverage with respect to other TRP(s). Therefore, DWS in PUSCH mTRP may be needed to allow the dynamic adaptation and coverage enhancement when switching to DFT-s-OFDM. 
In addition, it’s worth noting that Rel-17 considers mainly mTRP with PUSCH repetitions for better UL robustness and DWS would also help to achieve this goal. However, the assistance signalling from UE (e.g., single/multi-entry PHR) could be not straightforward with DWS feature, and this would require further study to guarantee that DWS gain can be achieved.
[bookmark: _Toc131680413][bookmark: _Toc131680912][bookmark: _Toc131681874][bookmark: _Toc131682821][bookmark: _Toc131682897][bookmark: _Toc131682910][bookmark: _Toc131682923][bookmark: _Toc131682936][bookmark: _Toc131683059][bookmark: _Toc131683182][bookmark: _Toc131683270][bookmark: _Toc131683306][bookmark: _Toc131683342][bookmark: _Toc131683378][bookmark: _Toc131683414][bookmark: _Toc131683450][bookmark: _Toc131683486][bookmark: _Toc131683522][bookmark: _Toc131683559][bookmark: _Toc131683573][bookmark: _Toc131692310][bookmark: _Toc131692347]Proposal 14. RAN1 to further study whether/how DWS feature is enabled for mTRP scenario.
Conclusion
In this contribution we have discussed enhancements to support dynamic switching between DFT-s-OFDM and CP-OFDM in Rel-18. The following observations can be noted:
Observation 1. Always configuring DFT-S-OFDM for Msg3 is a very skeptical assumption. Otherwise, NR would not allow configuring CP-OFDM for Msg3 in the first place.
Observation 2. The potential preamble/RO partitioning can be avoided by selecting a proper solution for DWS.
Observation 3. Considering that a UE in coverage shortage may likely initiate Msg1 repetitions, the corresponding Msg3 transmission may be suffering from poor performance as well, given the same distance between the UE and gNB. In this case, Msg3 may need to be transmitted with repetitions as well. However, since Msg3 payload is higher than Msg1, relying only on repetitions may help to tackle coverage shortage for Msg1 but not Msg3.
Observation 4. Re-transmission of Msg3 PUSCH only happens when the initial transmission of Msg3 (with or without repetitions, using configured waveform) failed. Therefore, it is beneficial if the UE can switch waveform for the re-transmission to further improve coverage of the retransmission.
Observation 5. Given that DCI format 0_0 with CRC scrambled by TC-RNTI is used for scheduling the re-transmission of Msg3 PUSCH, the re-transmission of Msg3 PUSCH can be classified as “Supported dynamically scheduled PUSCH” and therefore compatible with RAN1#111 agreement on further discussing the “Supported dynamically scheduled PUSCH”.
Observation 6. There is no issue with preamble/RO groups partitioning for supporting DWS for re-transmission of Msg3, which is scheduled by a DCI.
Observation 7. The solution of adding a new 1-bit field to scheduling DCI as agreed in RAN1#112 cannot be applied for DWS indication in case of re-transmission of Msg3 PUSCH given that the scheduling DCI is of format 0_0, which is a fallback DCI format.
Observation 8. DCI format 0_0 has a small coding rate and hence being reliable in coverage shortage scenario.
Observation 9. For DWS, the following waveform dependent fields (WDFs) are strongly impacted, since their sizes may change while the waveform is dynamically switched:
· Frequency domain resource assignment (FDRA)
· Precoding information and number of layers (TPMI)
· Second precoding information
· Antenna ports
· PTRS-DMRS association 
· Second PTRS-DMRS association
· DMRS sequence initialization
Observation 10. If DCI size alignment for DWS between CP-OFDM and DFT-s-OFDM is done per format, UE cannot identify the position of the NDI bit in case the DCI is scrambled by CS-RNTI.
Observation 11. If DCI size alignment for DWS between CP-OFDM and DFT-s-OFDM is done per format, the usages of the waveform dependent fields (in case the DCI is scrambled by CS-RNTI and NDI = 0) or the waveform indication field (in case the DCI is scrambled by CS-RNTI and NDI = 1) are imposed by the waveform (dynamically) indicated by C-RNTI.
Observation 12. In case down-selecting one out of the four options identified in RAN1#112 for DCI size alignment in case of DWS between CP-OFDM and DFT-s-OFDM, Option 2 is the best option given the compatibility with the current specifications and doesn’t introduce any issue except potential higher payload size in case a DFT-s-OFDM waveform dependent field is introduced in the future.
Observation 13. Considering the case of switching from CP-OFDM to DFT-S-OFDM, the zero-padded bits in the DCI become overhead and totally useless leading to decreasing the performance of the PDCCH carrying the DCI.
Observation 14. UE applying FDRA type 1 for DFT-S-OFDM and FDRA type 0 for CP-OFDM works regardless of whether the resource allocation type is RRC configured or dynamically indicated and regardless of DCI size alignment solution.
Observation 15. The assistance information is essential for gNB to select a suitable waveform in different coverage scenarios, which completes the DWS feature. Without the assistance information, gNB may blindly switch back and forth between the two waveforms, which may not provide clear benefit while it may unnecessarily increase signaling overhead.
Observation 16. Although using the same RB allocation and modulation order used for measuring PH of current waveform may allow minimum specification impact, this approach does not provide a precise PH related information of the target waveform in case it is used for UL transmission in different RB regions and/or with different modulation order.
Observation 17. Reporting PHRs of both current and target waveforms ensures PH related information of both waveforms are reported regardless of the target resource allocation and/or target modulation order. In addition, this approach offers lower specification impact.
Observation 18. Reporting PHR of current waveform and a difference between PHs (or  values) of the current waveform and target waveform not only requires higher specification impact, but also does not ensure that PH related information of the target waveform can be determined by gNB, at least in case required Tx power for current PUSCH is different from required Tx power for target PUSCH.
Observation 19. If there is no change in PL and PH difference between the two waveforms compared to the previous report (or if the change is very small), reporting also PH related information of target waveform may not provide gNB any additional information for waveform selection.
Observation 20. For Alt. 1 (triggering the report periodically according to a timer that coexists with the existing timer for PHR triggering), given that the timer is semi-statically configured, the PH report of both waveforms may be too far from waveform switching events (which are dynamic). This makes the report being outdated easily, especially in case the timer is configured to be greater than the existing timer.
Observation 21. For Alt. 2 (triggering the report immediately when waveform is switched), the report may become outdated at the time gNB would like to use it for DWS decision, given that gNB would not change waveform so frequently in practice. In contrast, if gNB changed waveform frequently, Alt. 2 would introduce significant overhead.
Observation 22. Alt. 3 (triggering the report after a timer expires, wherein the timer starts when waveform is switched) shows the following advantages:
· Alt. 3 not only can dynamically adapt the report of both PHs to dynamic waveform switching events, but also can avoid unnecessary overhead and outdated report.
· Alt. 3 may also include Alt. 2 (triggering the report immediately when waveform is switched) in case the timer in Alt. 3 is equal to zero.
· Depending on whether the timer in Alt. 3 is semi-statically configured or can also be dynamically indicated, it may provide more flexibility for gNB to reduce overhead.
Observation 23. Different waveforms in UL CA is supported in the specifications. However, this could not provide the envisioned advantage in all cases (e.g., largest MPR is considered for intra-band contiguous CA).

[bookmark: _Toc67700565]In addition, the following proposals were made:
Proposal 1. RAN1 to study solutions for supporting DWS for initial transmission of Msg3 PUSCH.
Proposal 2. RAN1 to support DWS for re-transmission of Msg3 using DCI format 0_0 scrambled by TC-RNTI. A solution that does not impact the current DCI format 0_0 should be considered.
Proposal 3. RAN1 to support DWS indicated by DCI format 0_0 with CRC scrambled by C-RNTI.
Proposal 4. For DCI size alignment in case of DWS between CP-OFDM and DFT-s-OFDM, RAN1 to down-select the following options, which are the only ones that do not violate the current alignment rule in specification.
· Option 2: DCI size alignment per field.
· Option 5: Zero padding per field or per format for a current DCI depending on the RNTI scrambled by the current DCI and the waveform indicated by the latest DCI scrambled by C-RNTI prior to the current DCI as follows.
· If the current DCI format is scrambled by C-RNTI, zero padding per format is used.
· If the current DCI format is scrambled by CS-RNTI, 
· If the latest DWS waveform indicated by DCI scrambled by C-RNTI is CP-OFDM, zero padding per field is used.
· If the latest DWS waveform indicated by DCI scrambled by C-RNTI is DFT-s-OFDM, UE assumes that field sizes of the waveform dependent fields (WDFs) are of the sizes associated with DFT-s-OFDM for reading NDI.
· If NDI = 0 and the RRC configured waveform for CG is DFT-s-OFDM or if NDI = 1 and the DWS field indicates DFT-s-OFDM, zero padding per field is used (if any, no misalignment for WDFs).
· If NDI = 0 and the RRC configured waveform for CG is CP-OFDM or if NDI = 1 and the DWS field indicates CP-OFDM, split a WDF of size  bits into two parts.
· First part includes  bits and be conveyed by the corresponding field (given that UE assumes that the field sizes of WDFs are of the sizes associated with DFT-s-OFDM in this case).
· Second part includes the remaining () bits and be added after the last field of the DCI format (instead of applying zeros).
Proposal 5. RAN1 to study how to leverage the padded bits in the impacted waveform dependent fields due to DWS and the usage of the leveraged padded bits.
Proposal 6. To reduce the DCI size alignment overhead, RAN1 to adopt the following solution to minimize the appearance of the new 1-bit field and the padded bits:
· Only PDCCH received within T can indicate DWS for the corresponding PUSCH (i.e., DCI contains the new 1-bit field and padded bits), while PDCCH received outside T cannot indicate DWS (i.e., DCI does not contain the new 1-bit field and zero-padded bits).
· Note: This solution does not require the DWS indication to be applied for subsequent PUSCHs.
Proposal 7. RAN1 to specify enhancements to assist the scheduler in determining waveform switching.
Proposal 8. For enhancements to assist the scheduler in determining waveform switching, RAN1 to consider at least the waveform other than current waveform as target waveform.
Proposal 9. RAN1 should consider both cases when target RB allocation and modulation order are the same or different from the ones used for measuring PH of current waveform.
Proposal 10. For the content of assistance information to be reported in PHR, RAN1 to consider at least the case when assistance information contains PHRs of current and target waveforms.
Proposal 11. The report of assistance information, are triggered when the following conditions are all satisfied:
· There is a change in PL compared to that in previous report.
· There is a change in PH difference between the two waveforms compared to that in previous report.
· A timer, which starts from latest DWS event, expires.
· FFS: whether the timer is semi-statically configured or can also be dynamically indicated.
· FFS: values of the timer.
Proposal 12. RAN1 to further discuss the scenario when the report of PHR related information of the current and target waveforms is close to or overlaps with the existing PHR of the current waveform.
Proposal 13. RAN1 to further study whether/how DWS feature is enabled for UL CA scenario.
Proposal 14. RAN1 to further study whether/how DWS feature is enabled for mTRP scenario.

References
[1] RP-221858 	"New WI: Further NR coverage enhancements", China Telecom (moderator), June 2022.
[2] [bookmark: _Ref127349652]R1-2210749	”FL summary on dynamic waveform switching between DFT-s-OFDM and CP-OFDM”, InterDigital (moderator), Oct. 2022. 
[3] R1-2212983 	FL summary on dynamic switching between DFT-s-OFDM and CP-OFDM, InterDigital (moderator), Nov. 2022.
[4] [bookmark: _Ref109725934]R1-2109722	“Summary on Rel-17 TEI”, NTT DOCOMO (moderator), October 2021.	 
[5] [bookmark: _Ref127464853]R1-2211597	“Dynamic switching between DFT-s-OFDM and CP-OFDM”, Nokia/NSB, November 2022.
[6] 3GPP TS 38.212 V17.4.0, December 2022.





image1.png
EI HWoRH mmﬂlm'm

2) Latest DWS DCI scrambled by C-RNTI indicating CP-OFDM

b) Current DCI scrambled by CS-RNTI
with NDI = 0 and RRC configured DFT-s-OFDM or with NDI = 1 and DWS field indicates DFT-s-OFDM





image2.png
zeros padded

a) Latest DWS DCI scrambled by C-RNTI indicating DFT-s-OFDM

zeros padded

b) Current DCI scrambled by CS-RNTI
with NDI = 0 and RRC configured CP-OFDM or with NDI = 1 and DWS field indicates CP-OFDM




image3.png
Only DCls received in T can schedule DWS (i.e.,
contain the new 1-bit field and zero-padded bits)

\—T—/

DCls received outside T cannot schedule DWS (i.e.,
contain the new 1-bit field and zero-padded bits) T

The time duration T is repeated




image4.png
Possible to determine PH for target
WEF from PH for current WF and Ap if
required Tx power for target PUSCH is

the same as that for current PUSCH

Pemax f ¢ for target WF
o {

Pemax f c current WF PH for target WF

PH for current WF
Required Tx power for Required Tx power for
current PUSCH target PUSCH





image5.png
Impossible to determine PH for target
WEF from PH for current WF and Ap if
required Tx power for target PUSCH is
different from that for current PUSCH

Pemax f ¢ for target WF
o {

Pemax f ¢ current WF PH for target WF

Required Tx power for
PH for current WF

target PUSCH
Required Tx power for 8

current PUSCH





image6.png
gNB uses previous report,
which may be outdated, for
selecting future waveform.

!

Waveform is (dynamically) switched

PHR of both
waveforms

PHR of current PHR of current PHR of current PHR of both PHR of current
waveform waveform waveform waveforms waveform .

time

Existing timer for
PHR of current WF

>

Timer for PHRs of both current and target WFs





image7.png
gNB uses previous report,
which may be outdated, for
selecting future waveform.

!

Waveform is (dynamically) switched Waveform is (dynamically) switched

} }

PHR of both PHR of both
waveforms waveforms

time





image8.png
Waveform is (dynamically) switched

|

timer for PHRs of both
current and target WF

gNB, uses

waveform.

report, for selecting future

more updated

PHR of both
waveforms

!

Waveform is (dynamically) switched

|

timer for PHRs of both
current and target WF

PHR of both
waveforn

time.




