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Introduction
In the RAN1#112 meeting, some agreements and working assumption on dynamic waveform switching were achieved [1]. 
	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.
Conclusion
There is no consensus to support “Dynamic waveform switching to PUSCH transmissions with a Type 2 configured grant” in R18.
Agreement
Dynamic waveform switching in R18 is not applicable to PUSCH transmissions with a Type 1 configured grant.
Conclusion
The dynamic waveform indication in a DCI containing a dynamic uplink grant applies only to PUSCH transmission(s) corresponding to the dynamic uplink grant.



In this contribution, the indication for dynamic waveform switching for multiple TBs scheduled by single DCI is discussed firstly, and other issues, such as size alignment, waveform of PUSCH other than scheduled by DCI format 0_1 and 0_2, new RRC parameter for dynamic waveform switching and the assistance information such as power headroom report, are also discussed.
Dynamic Switching of Waveform
Indication of dynamic waveform switching
The supporting of new 1-bit field for dynamic waveform switching has been discussed in RAN1#112 meeting, and the agreement is achieved as:
	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.



The remaining issue is whether or how to apply the dynamic waveform switching for multiple TBs scheduled by single DCI. The possible cases for multiple TBs scheduled by single DCI may at least include below 2 cases.
· Case 1: 2 TBs for multiple UL transmissions in MIMO, for example, 4 layers with 2CWs is supported for 8Tx UL transmission in one TRP in one cell. But DFT-s OFDM doesn’t support RANK>1, so dynamic waveform switching is not applied to this case.
· [bookmark: _Toc125633979]Case 2: Multiple TBs are scheduled by single DCI in scenario of multiple carriers, which is under discussion in work item of “Multi-carrier enhancements for NR”.  
For multiple m-TRP case, in Rel-16, function of multiple DCIs based MTRP PUSCH (non-overlapping in time domain) is supported. In Rel-17, single DCI based MTRP PUSCH repetition in TDM scheme is supported. In Rel-18, simultaneous PUSCH transmission (incl. single DCI based SDM&SFN schemes, MDCI based scheme) is still under discussion, but only related to single TB. All the current features about m-TRP are covered by the above agreement including single TB scheduled by single DCI or N multiple TBs scheduled by N multiple DCIs. In future, multiple TBs scheduled by single DCI for m-TRP can also be discussed whether or how to apply the dynamic waveform switching.
For multiple TBs scheduled by single DCI at least in case of multiple carriers, dynamic waveform switching is better to be applied to this case to unify the usage of dynamic waveform switching. Two approaches can be considered.
· Approach 1: Only one bit for dynamic waveform indication from UL scheduling DCI is applied to all the carriers which are involved in the scenario of single DCI scheduling multiple carriers.
· Approach 2: N bits for dynamic waveform indication from UL scheduling DCI is applied to N carriers which are involved in the scenario of single DCI scheduling multiple carriers.
Approach 1 keeps the unified solution with the case of single TB scheduled by single DCI. And there is no need to consider multiple bits for dynamic waveform switching in Format 0_X as the scope of above agreement already includes Format 0_X. The new 1-bit can be the indication of DFT-s OFDM as it is more conservative for the coverage enhancement but less spectrum efficiency. Or the new 1-bit can be the indication of majority waveform among all the TBs, for example, the waveform is intended for no less than  TBs.
Approach 2 means each TB can have its individual dynamic waveform indication. The advantage is the better performance on PUSCH transmission and less misfit on waveform. But it may affect the performance of PDCCH due to the larger overhead and need more specification effort, which is non-uniform with case of single TB scheduled by single DCI. 
Approach 1 is slightly preferred as it keeps the unified solution with the case of single TB scheduled by single DCI. If approach 2 is adopted, the details could be discussed under work item of “Multi-carrier enhancements for NR”.
Proposal 1: For multiple TBs scheduled by single DCI, support new 1-bit field for dynamic waveform indication from UL scheduling DCI. The generation of new 1-bit can be further studied.

DCI size alignment between CP-OFDM and DFT-S-OFDM
In RAN1#112 meeting, DCI size alignment was discussed and Chairman suggested 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.



Option 1 is per-format alignment, Option 2 is per-field alignment. Option 3 and 4 are compromise between Option 1 and Option 2. Option 3 is the compromise by separating two parts of all the DCI fields, before NDI fields and after NDI fields, and per-field alignment is applied for fields preceding NDI, per-format alignment is applied for fields following NDI. Option 4 is the compromise by applying different alignments for DCI addressed to C-RNTI or CS-RNTI.
[bookmark: _GoBack]Option 3 and Option 4 seem no special technical benefits relative to Option 1 and Option 2, but increase the complexity of both of specification and implementation. Option 1 has obvious drawback on the dependency of the location of NDI field to the value of the DWS field and is not friendly to UE implementation. Although Alt.B in Option 1 tries to avoid the drawback but it is not convinced that there is no field preceding NDI has size depending on waveform in the case of DCI format 0_1/0_2 in R17. It also requires that waveform-dependency of field size is not introduced in the specification for any field before NDI in R18 and future releases, which is unworthy by introducing unnecessary specification restriction and increasing the complexity of implementation, as the benefit of Option 1 itself is marginal. Option 2 is the simplest approach to be specified and has less risky.
Proposal 2: Per-field size alignment should be supported. The sizes of DCI fields affected by waveform should align with the field size under the case that “transformprecoder’ is disabled.

Waveform of PUSCH other than scheduled by DCI format 0_1 and 0_2
In previous meeting, there are agreements on the applicability of dynamic waveform switching on the PUSCH scheduled by DCI format 0_1 and 0_2. Some other types of PUSCHs are still under discussion, such as:
1) PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI
2) PUSCH scheduled by RAR UL grant, including Msg3 PUSCH with/without repetition
3) PUSCH scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI, i.e., retransmission of Msg3 PUSCH
Not all the PUSCH mentioned above, for example 2) and 3), need dynamic waveform switching indicated by DCI. Only some simple predefined rules can be specified on the determination of waveform of retransmission of Msg3 PUSCH and Msg3 PUSCH with repetition.
For PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI, dynamic waveform switching indicated by DCI should be considered to be applied.
DCI format 0_0 with CRC scrambled by C-RNTI
Format 0_0 should be supported for dynamic waveform switching because the applicability of dynamic switching needs to be maximized. For the efficiency of resource allocation for PUSCH scheduled by DCI format 0_0, it is not encouraged to always configure the waveform as DFT-s-OFDM, the dynamic waveform switching should be applicable to DCI format 0_0 to achieve the same benefit for DCI format 0_1/0_2. Also in most coverage limitation cases, DCI format 0_0 is used, as the motivations of DCI format 0_0 and dynamic waveform switching are the same in order to enhance the coverage, so the combination of DCI format 0_0 and dynamic waveform switching should be supported.
Proposal 3: Dynamic waveform switching enhancement should be applicable to PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI. 

For DCI format 0_0 (if supported), as the size of DCI format 0_0 should always keep the same with that of DCI format 1_0, similar design as UL/SUL indicator in format 0_0 can be considered for waveform indicating. That is, if the number of bits for DCI format 1_0 before padding is larger than the number of bits for DCI format 0_0 before padding, 1 bit for waveform dynamic switching will be added after the padding bit(s) of DCI format 0_0. This indication approach of dynamic waveform switching by DCI format 0_0 has no additional overhead on DCI and no change of the current size alignment procedure.
Proposal 4: For DCI format 0_0 with CRC scrambled by C-RNTI, if the number of bits for DCI format 1_0 before padding is larger than the number of bits for DCI format 0_0 before padding, the new 1-bit will be added after the padding bit(s) of DCI format 0_0.

PUSCH scheduled by RAR UL grant
The waveform of PUSCH scheduled by RAR UL grant is configured by RRC configuration “msg3-transformPrecoder”. For normal Msg3 without repetition, it seems no strong motivation to apply dynamic waveform switching. 
Proposal 5: For Msg3 PUSCH without repetitions which is scheduled by RAR UL grant, dynamic waveform switching is not applicable. 
But for Msg.3 PUSCH with repetitions, as the intention of “DFT-s-OFDM” and “Msg3 PUSCH repetition” are both for coverage enhancement, the coupling between the “DFT-s-OFDM” waveform and the Msg3 PUSCH repetition is valid. A simple way is that if the number of Msg3 PUSCH repetitions is larger than 1, UE can ignore the RRC configuration “msg3-transformPrecoder” and set waveform as “DFT-s-OFDM” by itself. This principle can be predefined by specification but no need to indicate dynamic waveform switching in a DCI.
Proposal 6: If the number of Msg3 PUSCH repetitions is larger than 1, UE can ignore the RRC configuration “msg3-transformPrecoder” and set waveform as “DFT-s-OFDM”.

DCI format 0_0 with CRC scrambled by TC-RNTI
In current specification, waveform of retransmission of Msg3 scheduled by DCI format 0_0 follows the configuration of “msg3-transformPrecoder”. It means the waveform of retransmission of Msg3 is the same as that of initial transmission of Msg3, i.e., PUSCH scheduled by RAR UL grant, which is also determined according to the configuration of “msg3-transformPrecoder”. 
	38.214 [2]
[bookmark: _Hlk498091854]For a PUSCH scheduled by RAR UL grant, or for a PUSCH scheduled by fallbackRAR UL grant, or for a PUSCH scheduled by DCI format 0_0 with CRC scrambled by TC-RNTI, the UE shall consider the transform precoding either 'enabled' or 'disabled' according to the higher layer configured parameter msg3-transformPrecoder.
38.331 [3]
msg3-transformPrecoder
Enables the transform precoder for Msg3 transmission according to clause 6.1.3 of TS 38.214 [19]. If the field is absent, the UE disables the transformer precoder (see TS 38.213 [13], clause 8.3).



In section 2.3.2, we propose UE can ignore the RRC configuration “msg3-transformPrecoder” and set waveform as “DFT-s-OFDM”, if the number of Msg3 PUSCH repetitions is larger than 1. It means the waveform for Msg3 PUSCH initial transmission with repetitions may be different with RRC configuration. The waveform of retransmission of Msg3 PUSCH is better to be the same as that waveform of initial transmission, and there is no need to add explicit indication field for dynamic waveform switching in DCI format 0_0 with CRC scrambled by TC-RNTI.
Proposal 7: The waveform of retransmission of Msg3 PUSCH should be the same as that of initial transmission, and there is no need to add explicit indication field for dynamic waveform switching in DCI format 0_0 with CRC scrambled by TC-RNTI.

New RRC parameter “dynamic waveform switching indication”
A new RRC parameter can be introduced as “dynamic waveform switching indication”. When RRC signalling “dynamic waveform switching indication” is configured, the sizes of related DCI fields align with those under the case that “transformPrecoder” is disabled. If the DCI indication is “transform precoder enabled”, the unused MSB bit(s) of these DCI fields can be reserved. If “dynamic waveform switching indication” is not present, the waveform configuration falls back to legacy semi-static RRC configuration.
[bookmark: OLE_LINK1]Proposal 8: A new RRC parameter for enabling dynamic waveform switching can be introduced as “dynamic waveform switching indication”. When the RRC parameter is configured, the sizes of related DCI fields align with those under the case that “transformprecoder’ is disabled, otherwise dynamic waveform switching is not supported. 

Assistance information
In RAN1#112 meeting, a proposal from feature leader is discussed [4]. 
	FL proposal 3-1: Support reporting of power headroom information applicable to a reference PUSCH using a target waveform different from waveform of actual PUSCH:
· Support at least the case where reference PUSCH has same RB allocation and modulation order as actual PUSCH (FFS: RB allocation not compatible with target waveform)
· FFS: Type of power headroom information (power headroom and/or Pcmax,c)
· FFS: Whether it can be included in same PHR as legacy PH types
· FFS: Triggering of information



The report of power headroom related information applicable to a reference PUSCH using a target waveform is a kind of supplementary approach for gNB to estimate the power headroom of future in case that the waveform is switched. The benefit from explicit report of power headroom information is unclear or may be marginal.
In legacy system, the waveform is indicated by semi-static RRC configuration, and there is no additional report related to PHR applicable to a reference PUSCH using a target waveform different from waveform of actual PUSCH. The gNB has the capability to estimate the rough difference of PHR between DFT-s-OFDM and CP-OFDM without the additional pre-report of power headroom related information on the target waveform. Also the gNB has the ability to adapt the waveform based on the current PHR report, SRS estimation or other measurement e.g., PL etc. after the waveform switching.
Considering the dynamic waveform switching is more frequent than waveform switching by RRC configuration and timely PHR related information on the target waveform may be helpful to performance of PUSCH, the enhancement of reporting of power headroom information applicable to dynamic waveform switching may be considered but the specification impact, implementation complexity and overhead of UL signaling should be minimized as much as possible. 
Proposal 9: The report of power headroom related information applicable to a target waveform for dynamic waveform switching may be considered but the specification impact, implementation complexity and overhead of UL signaling should be minimized as much as possible.

Various approaches for the report of power headroom related information applicable to a target waveform for dynamic waveform switching can be classified as before the waveform switching, at the waveform switching or after the waveform switching.
For the report of power headroom related information before and at the waveform switching, the main drawback is the overhead of report is at least doubled to carry the current waveform of actually PUSCH and the target waveform of reference PUSCH. The additional overhead of UL signaling due to the new assistance information may reduce the UL coverage, this consequence is contradictory to the motivation of dynamic waveform switching. Another compatible issue is hard to be solved when the reference PUSCH transmission would have different RB allocation and modulation order as the actual PUSCH transmission, for example, the FDRA type 0 for actual PUSCH but DFT-S OFDM for target waveform of reference PUSCH. 
The report of power headroom related information after the waveform switching is preferred as no any additional overhead, the impact to specification and complexity of implementation is minimized to the lowest level. 
When UE finishes the waveform switching based on the indication of gNB, the PHR after waveform switching can be reported to gNB to rectify the waveform, scheduled PRB or MCS etc, if needed. As the smart and self-learning gNB has the capability to store the history PHR data of different waveform, different RB allocated and different modulation order, and the error of rough estimation on PHR of target waveform would be converged to an acceptable level by AI technology, the rectification after the waveform switching would also have the performance gain compared with legacy PHR report. In order to timely reflect the PHR after waveform switching, it is encouraged UE to trigger the PHR as soon as possible after the dynamic waveform switching and to send the PHR in the next uplink transmission after waveform switching.
[image: ]
Figure 1 PHR report after waveform switching
Proposal 10: The PHR of target waveform can be triggered after UE finished the dynamic waveform switching as soon as possible.

Two possible specification impacts from the proposal:
1) The PHR is based on the waveform after dynamic waveform switching, but not the waveform configured by RRC signaling, i.e., the indication from RRC signaling is overlaid by the indication of real-time waveform.
2) A new trigger mechanism: The PHR is triggered after the waveform switching as soon as possible. And the PHR will be carried in the next uplink transmission after waveform switching.

Conclusion
In this contribution, we provide our analysis on the indication approach for dynamic switching between DFT-S-OFDM and CP-OFDM as well as other related issues with the following proposals. 
Indication of dynamic waveform switching
Proposal 1: For multiple TBs scheduled by single DCI, support new 1-bit field for dynamic waveform indication from UL scheduling DCI. The generation of new 1-bit can be further studied.
DCI size alignment
Proposal 2: Per-field size alignment should be supported. The sizes of DCI fields affected by waveform should align with the field size under the case that “transformprecoder’ is disabled.
Waveform of PUSCH other than scheduled by DCI format 0_1 and 0_2
Proposal 3: Dynamic waveform switching enhancement should be applicable to PUSCH scheduled by DCI format 0_0 with CRC scrambled by C-RNTI. 
Proposal 4: For DCI format 0_0 with CRC scrambled by C-RNTI, if the number of bits for DCI format 1_0 before padding is larger than the number of bits for DCI format 0_0 before padding, the new 1-bit will be added after the padding bit(s) of DCI format 0_0.
Proposal 5: For Msg3 PUSCH without repetitions which is scheduled by RAR UL grant, dynamic waveform switching is not applicable. 
Proposal 6: If the number of Msg3 PUSCH repetitions is larger than 1, UE can ignore the RRC configuration “msg3-transformPrecoder” and set waveform as “DFT-s-OFDM”.
Proposal 7: The waveform of retransmission of Msg3 PUSCH should be the same as that of initial transmission, and there is no need to add explicit indication field for dynamic waveform switching in DCI format 0_0 with CRC scrambled by TC-RNTI.
New RRC parameter “dynamic waveform switching indication”
Proposal 8: A new RRC parameter for enabling dynamic waveform switching can be introduced as “dynamic waveform switching indication”. When the RRC parameter is configured, the sizes of related DCI fields align with those under the case that “transformprecoder’ is disabled, otherwise dynamic waveform switching is not supported. 
Assistance information
Proposal 9: The report of power headroom related information applicable to a target waveform for dynamic waveform switching may be considered but the specification impact, implementation complexity and overhead of UL signaling should be minimized as much as possible.
Proposal 10: The PHR of target waveform can be triggered after UE finished the dynamic waveform switching as soon as possible.
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