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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#111 made the following agreement and working assumption: 

	Agreement
For DCI based solution, 
· For supported dynamically scheduled PUSCH, support dynamic waveform switching indication from UL scheduling DCI
Note: “Supported dynamically scheduled PUSCH” is to be confirmed in further discussion 
Note: It does not imply that the waveform switching indication applies to other transmission or not
· Indication from non-UL scheduling DCI is not supported.
Note: the working assumption made in RAN1#110b-e for “Support at least one of the following options for the dynamic waveform indication in R18” does not need to be confirmed

Working Assumption
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




Firstly, adding a new 1 bit for DWS from UL scheduling DCI is still a working assumption. Although our original preference was different (i.e., reusing the existing DCI field(s)), we understand it can be beneficial to add new 1 bit for this purpose in terms of operation flexibility, and its overhead may not be very problematic at least for DCI format 0_1. We are ok with confirming this WA in this meeting. For DCI format 0_2, consuming 1 bit for a dedicated purpose might not be preferable, while just to support an unified solution between DCI format 0_1 and 0_2 might achieve some implementation relaxation. 
Proposal 1: Confirm working assumption on supporting new 1-bit field for dynamic waveform switching from UL scheduling DCI, at least for DCI format 0_1
· Open to consider another solution for PUSCH scheduled by DCI format 0_2

From above, we understand the current situation as follows: 
· Indication method: Explicit 1 bit in UL scheduling DCI
· FFS: DCI format(s), from DCI format 0_0, 0_1 and 0_2, to which the 1 bit can be configured
· FFS: Targeted PUSCH type, i.e., PUSCH scheduled by the scheduling DCI, or the other types

Given the agreed (as WA) solution of adding 1-bit field can generally be considered for any UL scheduling DCI format, we suggest discussing the 2nd point, i.e., targeted types of PUSCH. In NR,  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 (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 believe it would be good to maximize the use case in general. Meanwhile, For the other cases, there are some type-specific issues to support dynamic waveform switching. 
For example, since Case 1 and Case 2 may schedule 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 . 
As for CG PUSCH, it may need different discussions depending on the CG type. 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 Case4. Such fragmented solutions may not be preferred. For CG Type 2, it has a corresponding DCI 0_1 for its activation/deactivation. Then it may still be possible to apply DCI-based solution as for Case 3. 
Proposal 2: 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

There are some other issues that need to be resolved even when we focus on Case 3 above. One of the most significant issues would be DCI size determination. 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

Among above, bitwidth of the fields other than FDRA is dependent of the configuration of transform precoder. For FDRA, there is no direct relationship between its bitwidth and transform precoder configuration. 
For TPMI field, there are a number of variations for the bitwidth depending on the configuration (including transform precoder). To compare the case with DFT-S-OFDM and with CP-OFDM, the following combinations of DCI field entry tables specified in 38.212 should be considered:
· Comparison#1-1: Table 7.3.1.1.2-2 (CP-OFDM) vs. Table 7.3.1.1.2-3 (DFT-S-OFDM)
· Conditions: 4 antenna ports, txConfig = codebook, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, 
· Comparison#1-2: Table 7.3.1.1.2-2A/B (CP-OFDM) vs. Table 7.3.1.1.2-3A (DFT-S-OFDM)
· Conditions: 4 antenna ports, txConfig = codebook, ul-FullPowerTransmission is configured to fullpowerMode1, maxRank=2, 3 or 4, 
· Comparison#1-3: Table 7.3.1.1.2-4 (CP-OFDM) vs. Table 7.3.1.1.2-5 (DFT-S-OFDM)
· Conditions: 2 antenna ports, txConfig = codebook, ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower,
· Comparison#1-4: Table 7.3.1.1.2-4A (CP-OFDM) vs. Table 7.3.1.1.2-5A (DFT-S-OFDM)
· Conditions: 2 antenna ports, txConfig = codebook, ul-FullPowerTransmission is configured to fullpowerMode1

The categorization above is basically separated by Rel-16 capabilities of full-power UL transmission and antenna port implementation. Note that the table for CP-OFDM actually implies CP-OFDM (i.e., transform precoder is disabled) AND maxRank is larger than 1, as the TPMI table and the required bitwidth is equivalent when maxRank=1, irrespective of transform precoder enabled/disabled. 
The results of the comparison for TPMI field above are as follows:
Table 2-1: Comparison of TPMI bitwidth
	
	Transform precoder

	
	Disabled 
	Enabled 

	Comparison#1-1
	Non-coherent
	4
	2

	
	Partial-coherent
	5
	4

	
	Full-coherent
	6
	5

	Comparison#1-2
	Non-coherent
	4
	3

	
	Partial-coherent
	5 (maxRank=2) or 6 (maxRank=3/4)
	4

	Comparison#1-3
	Non-coherent
	2
	1

	
	Full-coherent
	4
	3

	Comparison#1-4
	Non-coherent
	2
	2



According to above, bitwidth of TPMI in case of CP-OFDM with rank larger than 1 is always larger than  (or equal to) that of DFT-S-OFDM. 
Observation 1: TPMI field bitwidth for CP-OFDM is always larger than (or equal to) that for DFT-S-OFDM

For antenna port field, similarly, the following comparisons should be considered:
· Comparison#2-1: Table 7.3.1.1.2-6/6A (DFT-S-OFDM) vs. Tables 7.3.1.1.2-8/9/10/11 (CP-OFDM)
· Conditions: dmrs-Type=1, maxLength=1
· Comparison#2-2: Table 7.3.1.1.2-7/7A (DFT-S-OFDM) vs. Tables 7.3.1.1.2-12/13/14/15 (CP-OFDM)
· Conditions: dmrs-Type=1, maxLength=2

The results of the comparison for Antenna port field above are as follows: 
Table 2-2: Comparison of Antenna port field
	
	Transform precoder

	
	Disabled
	Enabled

	Comparison#2-1
	3
	2

	Comparison#2-2: 
	4
	4



According to above, bitwidth of Antenna port field in case of CP-OFDM with rank larger than 1 is always larger than (or equal to) that of DFT-S-OFDM, which is the same trend as for TPMI. 
Observation 2: Antenna port field bitwidth for CP-OFDM is always larger than (or equal to) that for DFT-S-OFDM

The series of Comparison#2-x above bring us another point than DCI field size: as described above, for Antenna port field size determination, dmrs-Type=2 is actually not considered for DFT-S-OFDM. This is because the use of DMRS Type 2 is not considered much in the real operation due to its higher PAPR. From our perspective, this fact doesn’t need to be changed even in Rel-18, that is, adding the support of DMRS Type 2 for DFT-S-OFDM is not necessary. 
Proposal 3: Discuss UE behaviour when DMRS Type 2 is configured for PUSCH, and DFT-S-OFDM is indicated by DCI
· Additional support of DMRS Type 2 for DFT-S-OFDM is not necessary

For PTRS – DMRS association field and DMRS sequence initialization field, they actually exist only when transform precoder is disabled. 
Observation 3: For PTRS – DMRS association field and DMRS sequence initialization field, similar to TPMI/Antenna port fields, bitwidth in case of CP-OFDM is always larger than (or equal to) that for DFT-S-OFDM. 

Looking at the observations above, for each of the fields whose bitwidth is impacted by the configuration of transform precoder, the bitwidth for CP-OFDM is always larger than or equal to that for DFT-S-OFDM. Due to this fact, when DWS is configured, by assuming CP-OFDM, a UE can always determine the same number of bits for a DCI 0_1/0_2. And when DFT-S-OFDM is indicated by DWS field, the UE can interpret each field properly, by ignoring some bits (or even the whole field). Therefore, we believe, in case that DWS is configured, CP-OFDM should always be assumed for determining the total number of DCI bits (and the number of bits for each field as well). 
Proposal 4: When dynamic waveform switching is configured, the total size of DCI format 0_1/0_2 (and the bitwidth of each field) should be determined assuming CP-OFDM 

Another issue related to DCI field would be the interpretation of FDRA. In Rel-17, there are three resource allocation types in frequency domain: type 0, type 1 and type 2. Type 0 is actually applicable to PUSCH with CP-OFDM, while type 1 is applicable regardless of the applied waveform. Type 2 is intended for unlicensed band operation (i.e., interlaced mapping), which is also applicable regardless of the applied waveform. 
There can be some error cases when considering potential combinations of waveform and FDRA type. For example, FDRA type 0 is not appliable to PUSCH with DFT-S-OFDM so far. But now, as we will add an explicit 1-bit DCI field to indicate DWS, a UE may be indicated such a combination. 
In our view, this issue can easily be avoided by introducing some restrictions. For example, in case DWS is configured, and at least when DFT-S-OFDM is indicated, FDRA type (configured by resourceAllocation) can be restricted to be resourceAllocationType1 or dynamicSwitch. If the latter one (dynamicSwitch) is supported, then additional restriction to FDRA bit, e.g., MSB to be restricted to always be ‘1’ to indicate FDRA type 1, can be added. Based on these restrictions, what UE assumes for FDRA is basically aligned with the legacy specification, thus no implementation effort. 
Proposal 5: When dynamic waveform switching is configured, and at least when DFT-S-OFDM is indicated, for FDRA, 
· Specify the restriction on resourceAllocation to be resourceAllocationType1, or dynamicSwitch
· If dynamicSwitch is supported, additional restriction on MSB of FDRA to be ‘1’ should also be considered

In addition, the need of UE reporting was also discussed in RAN1#111, which resulted in the following agreement:
	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 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 6: Support UE reporting enhancement to assist the scheduler in determining dynamic waveform switching, such as PHR reporting
· E.g., reporting two PHR values, one for CP-OFDM and the other for DFT-S-OFDM

3. Conclusion
Proposal 1: Confirm working assumption on supporting new 1-bit field for dynamic waveform switching from UL scheduling DCI, at least for DCI format 0_1
· Open to consider another solution for PUSCH scheduled by DCI format 0_2

Proposal 2: 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: TPMI field bitwidth for CP-OFDM is always larger than (or equal to) that for DFT-S-OFDM

Observation 2: Antenna port field bitwidth for CP-OFDM is always larger than (or equal to) that for DFT-S-OFDM

Proposal 3: Discuss UE behaviour when DMRS Type 2 is configured for PUSCH, and DFT-S-OFDM is indicated by DCI
· Additional support of DMRS Type 2 for DFT-S-OFDM is not necessary

Observation 3: For PTRS – DMRS association field and DMRS sequence initialization field, similar to TPMI/Antenna port fields, bitwidth in case of CP-OFDM is always larger than (or equal to) that for DFT-S-OFDM. 

Proposal 4: When dynamic waveform switching is configured, the total size of DCI format 0_1/0_2 (and the bitwidth of each field) should be determined assuming CP-OFDM 

Proposal 5: When dynamic waveform switching is configured, and at least when DFT-S-OFDM is indicated, for FDRA, 
· Specify the restriction on resourceAllocation to be resourceAllocationType1, or dynamicSwitch
· If dynamicSwitch is supported, additional restriction on MSB of FDRA to be ‘1’ should also be considered

Proposal 6: Support UE reporting enhancement to assist the scheduler in determining dynamic waveform switching, such as PHR reporting
· E.g., reporting two PHR values, one for CP-OFDM and the other for DFT-S-OFDM
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