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1. Introduction
In RAN#96e, a revised WID [1] for Rel-18 WI “Further NR Coverage Enhancements” was approved with the following objectives related to RAN1 WG: 
	· 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)



In this contribution, we discuss enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM. 
2. Discussion
Regarding the exact method for dynamic waveform switching, RAN1#110bis-e made the following working assumption: 

	Working Assumption
Support at least one of the following options for the dynamic waveform indication in R18:
Alt 1: Indication from an UL scheduling DCI
· Alt 1-A: New field in scheduling DCI
· Alt 1-B: Reuse existing field in scheduling DCI
· Alt 1-B-1: Explicit indication by repurposing field, e.g.
· Add one column to TDRA table
· Add one column to MCS table(s)
· Other solutions not precluded
· Alt 1-B-2: Implicit determination from condition(s) on scheduling information, e.g.
· RA type, MSB of RA
· Number of RBs (below threshold or multiple of 2,3,5)
· Location of RB allocation within carrier and the associated MPR
· MCS below threshold
· Number of PUSCH repetitions (or whether PUSCH repetition is used) and/or TBoMS
· Number of DMRS CDM group(s) without data
· Precoding information and number of layers
· SRI
· Condition over multiple types of scheduling information
· Other types of scheduling information not precluded
· Indicated waveform applies at least to the scheduled PUSCH transmission
· FFS: Whether it also applies to subsequent transmissions, and of which type
· FFS: DCI formats can contain the indication 
· FFS: Indication applies only if condition(s) are satisfied (e.g. PDCCH occasion, /RNTI, /Search space of the scheduling DCI, latest PHR reported by the UE, etc.)
Alt 2: Indication from a non-UL scheduling DCI
· FFS: DCI formats that can provide the indication (e.g. Downlink DCI, UE-group common DCI)
· FFS: Types of subsequent transmissions to which indication is applicable



Before agreeing above, whether to explicitly include MAC CE-based solution or not was discussed, while it was dropped in the end. Although we are open to study even MAC CE-based solution, we are ok to focus on DCI-based solutions captured above. To clarify the starting point a bit more, we propose to confirm the working assumption above. 
Proposal 1: Confirm working assumption on candidate solutions for dynamic waveform switching agreed in RAN1#110bis-e

Among the captured candidate solutions in the working assumption, our first preference is Alt1-B-2. Firstly, between Alt 1 and Alt 2, it would be straightforward to use the UL scheduling DCI to indicate dynamic waveform switching especially considering DG-PUSCH, which is the most essential target for this objective. Thus, at least Alt 1 should be supported in Rel-18. Regarding the details of Alt1, as captured the working assumption above, there are three options: Alt1-A (adding new DCI field), Alt1-B-1 (repurposing the existing field), Alt1-B-2 (implicit determination from conditions on the existing field). One reason why we prefer Alt1-B-2 is that, it doesn’t require additional DCI overhead at all. This aspect could be an advantage when comparing with Alt1-A. Another reason, which is related to the comparison with Alt1-B-1, is smaller impacts on the existing DCI field interpretation. If we consider Alt1-B-1, at least an entry of the existing DCI field needs to be interpreted differently from the legacy releases. 
One may say Alt1-B-2 can be too restrictive for the applicable use case since dynamic waveform switching based on Alt1-B-2 would be performed only when some conditions are met. In our commercial scenario, however, we can observe a relationship between proper waveform and typical DCI field indication. Therefore, we think referring to the existing DCI indication as a condition of waveform switching would work with no issue in practice. 
Proposal 2: To achieve dynamic waveform switching for PUSCH, support Alt 1-B-2: Implicit determination from condition(s) on scheduling information
· Existing DCI field and/or configuration, e.g., MCS, TPMI, SRI and/or maxRank, can be considered to determine waveform 

To support Alt 1-B-2, we need to specify the exact condition(s) to be considered for the implicit determination. Given that DFT-S-OFDM is generally beneficial in case of coverage-limited scenario, one potential way is to consider MCS indicated by the scheduling DCI. For example, configuring a particular threshold on MCS, if the indicated MCS is lower than the threshold, a UE may determine to switch its using waveform from CP-OFDM to DFT-S-OFDM. Another approach is to consider the number of ranks. In Rel-17, usage of DFT-S-OFDM is limited only when the actual transmission rank is 1. A UE can determine the actual transmission rank based on SRI field and/or TPMI field, depending on configured UL transmission scheme. 
Proposal 3: When Alt 1-B-2 is supported, the following condition(s) should be considered for waveform determination: 
· Option 1: MCS
· Option 2: SRI and/or TPMI (i.e., actual transmission rank)

Another discussion point is the type(s) of PUSCH to which dynamic waveform switching indication is applied. The following types can be considered
· Type 1: PUSCH scheduled by RAR UL grant (i.e., msg3 PUSCH)
· Type 2: PUSCH scheduled by DCI format 0_0
· Type 3: PUSCH scheduled by DCI format 0_1/0_2
· Type 4: PUSCH scheduled by CG Type 1
· Type 5: PUSCH scheduled by CG Type 2 activated by DCI format 0_0
· Type 6: PUSCH scheduled by CG Type 2 activated by DCI format 0_1/0_2

In our view, at least Type 3 (i.e., PUSCH scheduled by DCI format 0_1/0_2) should be considered for dynamic waveform switching as it is frequently used in the field. Moreover, we think the benefit of dynamic waveform switching is commonly valid irrespective of the PUSCH scheduling method. Therefore, we prefer to maximize the use case in general. Meanwhile, For the other types, there are some type-specific issues to support dynamic waveform switching. For example, since Type 1 and Type 2 are related to PUSCH transmission before UE capability reporting, gNB may need to know whether UE supports the feature of dynamic waveform switching before receiving UE capability reporting. It may be difficult to find a good solution for this issue, while the benefit of dynamic waveform switching itself may not be large for these cases in our view. Also, CG PUSCH, especially CG Type 1 as in Type 4, is not associated with any DCI in NR now. Therefore, it could be difficult to specify a unified solution applicable to both Type 3 and Type 4. Such fragmented solutions may not be preferred. 
Proposal 4: Support dynamic waveform switching at least for PUSCH scheduled by DCI format 0_1/0_2
· Open to consider any other type(s) of PUSCH transmission

When dynamic waveform switching is supported, there are some other issues that need to be resolved. One of the most significant issues would be DCI size. In Rel-17, the size of DCI format 0_1/0_2 is dependent on waveform configuration (i.e., transformPrecoder in PUSCH-Config IE). When the applied waveform is dynamically indicated, then it is not clear which waveform (i.e., CP-OFDM or DFT-S-OFDM) is considered for DCI size determination. 
Here we have tried to identify the exact DCI field(s) in DCI format 0_1/0_2 whose size depends on waveform. We observe the same fields for both DCI formats, as listed below:
· TPMI
· Antenna ports
· PTRS – DMRS association
· DMRS sequence initialization
· FDRA

Looking at the fields above, we observed the following:
Observation 1: For the size of each DCI field in DCI format 0_1/0_2:
1) In general, DCI size is larger when CP-OFDM is configured (i.e., transformPrecoder is disabled). 
2) For TPMI, whether it exists in DCI formats doesn’t depend on waveform. But the number of bits can be different for different waveform. Meanwhile, it seems rather due to maxRank configuration. 
3) For Antenna ports, similar to TPMI, its existence doesn’t depend on waveform. In some cases, the number of bits can be different for different waveform. 
4) For PTRS – DMRS association and DMRS sequence initialization fields, its existence depends on waveform. 0 bit in case of DFT-S-OFDM, 2 bit in case of CP-OFDM. 
5) FDRA bitwidth is not dependent on waveform; however, the applicable indication is restricted in case that DFT-S-OFDM is used. 

Firstly, how to determine the total size of DCI format 0_1/0_2 should be discussed. Three approaches can be considered; Alt-1) assuming CP-OFDM always, Alt-2) assuming DFT-S-OFDM always and Alt-3) determine total DCI size based on the indicated waveform. In our view, Alt-3 may not be very preferred from UE implementation perspective as the size of DCI to be monitored can be changed dynamically. Between Alt-1 and Alt-2 above, based on the first point in Observation 1, Alt-1 can be a preferrable choice. In Alt-2, while the DCI size can be smaller, such DCI format may not be able to incorporate the needed DCI fields with sufficient bitwidth for the case of CP-OFDM. This may cause some restrictions on DCI indications when CP-OFDM is indicated. In Alt-1, assuming larger size for DCI always, the sufficient bitwidth can always be ensured for any DCI field. 
Proposal 5: When dynamic waveform switching is configured, the total size of DCI format 0_1/0_2 should be determined assuming CP-OFDM 

Next, we need to discuss how to treat particular DCI field(s) whose size can be changed per waveform choice. For the fields whose existence itself depends on waveform choice (such as PTRS – DMRS association field and DMRS sequence initialization field, as per (4) in Observation 1), 1 bit for each would always exist if CP-OFDM is always assumed when dynamic waveform switching is configured, as proposed above. In this case, if DFT-S-OFDM is actually indicated, the fields should not have any impact on UE behaviour, i.e., they should be ignored. 
Proposal 6: When dynamic waveform switching is configured, and when DFT-S-OFDM is indicated, the DCI fields needed only for CP-OFDM (e.g., PTRS – DMRS association, DMRS sequence initialization) should be ignored by UE

For DCI fields which always exist but with different bitwidth for different waveform, such as TPMI and Antenna ports, UE anyway decodes them irrespective of the indicated waveform. In this case, what the specification shall clarify would be how to interpret such fields clearly. In our view, a straightforward solution could be to have UE decode the needed number of LSBs (or MSBs) for each of such DCI fields. 
Proposal 7: When dynamic waveform switching is configured, and if DFT-S-OFDM is indicated, UE should decode the needed LSB(s) only, based on the indicated waveform

In addition, the need of UE reporting was also discussed in RAN1#110bis-e, which resulted in the following agreement:
	Agreement 
To study and if necessary, specify, enhancements to assist the scheduler in determining waveform switching, such as:
· Reporting power headroom related information 
· Other solutions are not precluded




In our understanding, the motivation of the UE reporting enhancement comes from the fact that the actual benefit of waveform switching may largely be varied case-by-case. For example, the advantage of CP-OFDM, such as flexibility on frequency domain resource allocation, may outweigh the disadvantage on its PAPR performance compared with DFT-S-OFDM. To identify whether dynamic waveform switching is really needed, gNB/NW has to understand the UE’s condition better in terms of e.g., PCMAX difference depending on waveform, remaining power budget, etc. Given that, we support to specify enhancements to assist the scheduler in determining waveform switching, such as PHR reporting. 
Proposal 8: Support UE reporting enhancement to assist the scheduler in determining dynamic waveform switching, such as PHR reporting

3. Conclusion
Proposal 1: Confirm working assumption on candidate solutions for dynamic waveform switching agreed in RAN1#110bis-e

Proposal 2: To achieve dynamic waveform switching for PUSCH, support Alt 1-B-2: Implicit determination from condition(s) on scheduling information
· Existing DCI field and/or configuration, e.g., MCS, TPMI, SRI and/or maxRank, can be considered to determine waveform 

Proposal 3: When Alt 1-B-2 is supported, the following condition(s) should be considered for waveform determination: 
· Option 1: MCS
· Option 2: SRI and/or TPMI (i.e., actual transmission rank)

Proposal 4: Support dynamic waveform switching at least for PUSCH scheduled by DCI format 0_1/0_2
· Open to consider any other type(s) of PUSCH transmission

Observation 1: For the size of each DCI field in DCI format 0_1/0_2:
1) In general, DCI size is larger when CP-OFDM is configured (i.e., transformPrecoder is disabled). 
2) For TPMI, whether it exists in DCI formats doesn’t depend on waveform. But the number of bits can be different for different waveform. Meanwhile, it seems rather due to maxRank configuration. 
3) For Antenna ports, similar to TPMI, its existence doesn’t depend on waveform. In some cases, the number of bits can be different for different waveform. 
4) For PTRS – DMRS association and DMRS sequence initialization fields, its existence depends on waveform. 0 bit in case of DFT-S-OFDM, 2 bit in case of CP-OFDM. 
5) FDRA bitwidth is not dependent on waveform; however, the applicable indication is restricted in case that DFT-S-OFDM is used. 

Proposal 5: When dynamic waveform switching is configured, the total size of DCI format 0_1/0_2 should be determined assuming CP-OFDM 

Proposal 6: When dynamic waveform switching is configured, and when DFT-S-OFDM is indicated, the DCI fields needed only for CP-OFDM (e.g., PTRS – DMRS association, DMRS sequence initialization) should be ignored by UE

Proposal 7: When dynamic waveform switching is configured, and if DFT-S-OFDM is indicated, UE should decode the needed LSB(s) only, based on the indicated waveform

Proposal 8: Support UE reporting enhancement to assist the scheduler in determining dynamic waveform switching, such as PHR reporting

Reference
[1]  RP-221858, Revised WID on Further NR coverage enhancements, June 2022, China Telecom
[2]  R1-2106635, Rel-17 TEI proposals, August 2021



15/15
