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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
In NR, two well-known waveforms, i.e., CP-OFDM and DFT-S-OFDM, are supported for UL transmission. Each waveform has its own pros and cons. For example, CP-OFDM can achieve better frequency resource efficiency (e.g., RS and data can be FDMed), frequency resource flexibility (e.g., both consecutive and non-consecutive resource allocation is possible), and UL transmission with more than 1 rank, which are not possible when using DFT-S-OFDM. On the other hand, DFT-S-OFDM can provide better PAPR performance than CP-OFDM. This can give a significant benefit to e.g., UE experiencing coverage issues such as cell edge UE. Based on the pros/cons above, proper type of waveform is largely dependent on some dynamic factors, e.g., SNR, pathloss, rank, etc, that the UE experiences. 
However, waveform for UL transmission can be (re-)configured by RRC only in legacy NR. The RRC-based configurability is not sufficient to dynamically adopt the waveform considering the factors above. Therefore, we believe Rel-18 should support method(s) for dynamic waveform switching as captured in WID. 
Proposal 1: Support dynamic waveform switching for PUSCH in Rel-18

Regarding the exact method for dynamic waveform switching, we would like to point out that Rel-17 TEI discussion [2] has already captured the potential options well, which are copied below. We believe it is a good starting point. 
	To support dynamic switching of UL waveform, few alternatives can be considered. 
Alt1: DCI signaling based dynamic UL waveform switching, it could be implicit or explicit 
Alt1-1: Explicit signaling, e.g. by introducing 1 bit in DCI to indicate CP-OFDM or DFT-s-OFDM waveform to be used for PUSCH
Alt1-2: Implicit signaling, e.g. CP-OFDM or DFT-s-OFDM waveform to be used for PUSCH is identified by certain condition on the scheduling information in the DCI without changing DCI format. 
Alt2: MAC CE signaling based dynamic UL waveform switching



Among the three options, our best preference is Alt1-2. One reason is that, we believe DCI-based approach (i.e., Alt1-x) could be simpler and more beneficial than MAC CE-based one (i.e., Alt2). It is clear that we need RAN2 involvements if we take Alt2 since MAC CE is RAN2 matter. Considering the limited TU for this WI, we believe it is better not to rely on another WG as much as possible. Also, to specify this based on MAC CE, some aspects, which is likely to be controversial, need to be well discussed and defined. For example, it would be necessary to define timeline related restriction(s). Despite such potential difficulties for the future discussion, Alt2 is not so dynamic as Alt1-x. Therefore, we believe Alt1-x would be better. 
When comparing Alt1-2 with Alt1-1, there seems to be a trade-off between operation flexibility and DCI overhead. That is, Alt1-2 can achieve smaller (or even zero) additional DCI overhead because it may rely on the existing DCI field(s), while it may impose some restrictions on the usage of existing DCI field(s). Alt1-1 can indicate waveform switching without any restriction on existing DCI field(s), at the cost of DCI overhead. 
In our view, since proper waveform largely depends on the factor(s) related to some existing DCI field(s), there would be no significant issue even if dynamic waveform switching is implicitly indicated based on other DCI field(s). For example, as DFT-S-OFDM is beneficial in terms of PAPR performance, it can mainly be useful when e.g., low MCS is used. Given that, a potential approach is to define/configure a threshold for MCS index, and to compare the indicated MCS and the threshold to determine waveform to be used. Or the number of ranks to be used for UL transmission can also be considered as a valid factor since DFT-S-OFDM may be very beneficial for rank 1 transmission in terms of the achievable performance. Defining a rule such as rank=1 means the use of DFT-S-OFDM, and/or referring to TPMI/SRI can also be considered for dynamic waveform switching. 
In addition, a new RRC signaling is needed to indicate whether dynamic waveform switch via implicit signaling based on DCI is enabled or not.
Proposal 2: To achieve dynamic waveform switching for PUSCH, support implicit signalling based on DCI
· Existing DCI field and/or configuration, e.g., MCS, TPMI, SRI and/or maxRank, can be considered to determine waveform 

Proposal 3: Support a new RRC signaling to enable dynamic waveform switching for UL.

Irrespective of the approaches above, we need to discuss and determine exact UL transmission(s) to which dynamic waveform switching is applicable. For PUSCH, the following cases can be considered
· Case 1: PUSCH scheduled by RAR UL grant (i.e., msg3 PUSCH)
· Case 2: PUSCH scheduled by DCI format 0_0
· Case 3: PUSCH scheduled by DCI format 0_1/0_2
· Case 4: PUSCH scheduled by CG Type 1
· Case 5: PUSCH scheduled by CG Type 2 activated by DCI format 0_0
· Case 6: PUSCH scheduled by CG Type 2 activated by DCI format 0_1/0_2

In our view, at least Case 3 should be considered for dynamic waveform switching as it can be easier to support dynamic waveform switching. 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, there are some case-specific issues to support dynamic waveform switching. For example, since Case 1 and Case 2 are related to PUSCH transmission before UE capability reporting, gNB may need to know which 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 Case 4, is not associated with any DCI in NR now. Therefore, it could be difficult to specify a unified solution applicable to both Case 3 and Case 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


3. Conclusion
Proposal 1: Support dynamic waveform switching for PUSCH in Rel-18

Proposal 2: To achieve dynamic waveform switching for PUSCH, support implicit signalling based on DCI
· Existing DCI field and/or configuration, e.g., MCS, TPMI, SRI and/or maxRank, can be considered to determine waveform 

Proposal 3: Support a new RRC signaling to enable dynamic waveform switching for UL.

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
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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. 
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