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1. Introduction
In this contribution, we discuss remaining issues for dynamic switching between DFT-S-OFDM and CP-OFDM. 
2. Discussion
Regarding the exact method for dynamic waveform switching, RAN1#111 and RAN1#112 made the following agreements 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

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.

Agreement
For UE configured with multi-PUSCH scheduling in time domain in a carrier (i.e. pusch-TimeDomainAllocationListForMultiPUSCH), DCI format 0_1 supports 1-bit field for dynamic waveform switching indication.
· When configured, 1-bit field indicates waveform for all scheduled PUSCH transmissions.




With the outcomes above, for non-fallback DCI supported in Rel-17, 1-bit indication for dynamic waveform switching (DWS) is concluded. 
In above, RAN1 focuses on the DWS operation considering a CC only. One of the remaining issues would be whether/how to operate DWS when multiple CCs are configured for a UE. 
Basically, we believe a UE supporting DWS for single-CC operation should be able to support DWS even for multi-CC operation without considering much implementation burden. Both CP-OFDM and DFT-S-OFDM are mandatory for NR UL operation, which can be configurable independently between CCs, as per what is described in the specification so far. 	Comment by Pi Qiping: Can you teach me the motivation that DWS needs separate consideration from conventional waveform configuration? I feel a little confused now. In legacy, the waveform configuration is not CC level, i.e. different waveforms are possible to be configured for Msg 3 PUSCH, dynamically scheduled PUSCH, CG PUSCH on a single CC. So the waveform for simultaneous PUSCHs on different CCs may also be different. I can understand that DWS can make the waveform more flexible. But II feel the PA issue may also exist in legacy?
Meanwhile, we somehow understand that different transform precoder between CCs may be neither implementation-friendly nor even beneficial for system. Therefore, although we believe multi-CC operation should be covered for DWS feature, we are fine with considering some implementation-friendly design for the definition of this feature. From our perspective, the benefit of transform precoder optimization per CC in multi-CC operation seems to be dependent on the exact multi-CC operation types, which can be classified as follows:
· Type 1) Carrier aggregation
· Type 1-1) Intra-band contiguous CA
· Type 1-2) Intra-band non-contiguous CA
· Type 1-3) Inter-band CA
· Type 2) Dual connectivity

We believe the basic concept of each type above would be, Type 1-1 shares a single PA among multiple CCs, while all the other types do not share a PA among CCs (i.e., PA per CC). 
For transform precoder determination, we believe it should consider PA implementation above. For example, when multiple CCs share a single PA, applying different transform precoder across the multiple CCs does not make much sense from technical perspective since even if lower PAPR is achieved for only a part of CCs, the total PAPR characteristics will not be much improved after considering the remaining CCs. In the meanwhile, if PA is implemented per CC, then we’d believe PAPR characteristics should be considered per CC as well. In this case, flexible transform precoder usage per CC can provide some benefits to the whole system. 
With above in mind, we believe some differentiation of multi-CC operation type (e.g., based on the above classification) should be considered for specifying the support of DWS in case of multi-CC operation. The next question would then be how to express this direction in the specification. One simple way is to define DWS feature per FSPC (feature set per cell), by which a UE can report its support of DWS per CC per band per BC. This approach allows UE to decide in which case it supports DWS with the finest granularity. But it also has a drawback that much heavier UE capability reporting overhead will be required to report the support of DWS when a lot of CC/band/BC exist. Given the simplicity of DWS as a functionality, we are not sure if this feature really deserves such heavier overhead for UE capability reporting. 
Another approach, that we actually prefer, is to define the support of DWS based on the above classification of multi-CC operation type. For example, since per-CC PA can be assumed for single-CC operation, multi-CC operation type 1-2, 1-3 and Type 2, the support of DWS for all those cases can be declared based on a single capability reporting (i.e., Capability#1). For the remaining type (i.e., multi-CC operation type 1-1), while we prefer to merge it into Capability#1, we understand there could be some issues for implementation which could be specific to this type. Therefore, we think separate capability reporting can be considered for the type (i.e., Capability#2), that could be regarded as an advanced capability for DWS. For Capability#2, there are also possibilities to consider some specific restrictions, e.g., among the CCs the same transform precoder is always applied (when it is concerned in terms of implementation). 
Note that we understand this issue was discussed in UE feature session in the last meeting in Xiamen. Therefore, we are fine to continue this discussion in UE feature session, not in maintenance session, in this RAN1 meeting and later. 
Proposal 1: For support DWS when multiple UL CCs are configured for a UE, discuss the following in UE feature session: 
· Consider differentiation of multi-CC operation type (i.e., intra-band contiguous CA, intra-band non-contiguous CA, inter-band CA and DC) for the support of DWS when designing UE capability singalling, e.g., 
· For multi-CC types other than intra-band contiguous CA, the support of DWS can be reported by a common UE capability signalling, as well as for single-CC operation
· For intra-band contiguous CA, the support of DWS can be reported based on a separate capability signaling, in which additional restriction on transform precoder across CCs can also be considered

Another issue is whether/how to support DWS for DCI format 0_3. In the last meeting, Chairman suggested in MCE maintenance session to continue any further discussion on this issue in MCE maintenance. Therefore, we believe CovEnh maintenance should stop discussing this. 
Proposal 2: For whether/how to support DWS indication in DCI 0_3 (i.e., multi-carrier scheduling DCI), continue any discussion in MCE maintenance session

In RAN1#114bis, RAN1 also had a good discussion on the configuration of FDRA/DMRS type in case DWS is configured, which resulted in the following two agreements:
	Agreement
For PUSCH scheduled by DCI format 0_1 (0_2) in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1 and [dynamicTransformPrecoderIndicationDCI-0-1]  ([dynamicTransformPrecoderIndicationDCI-0-2]) set to ‘enabled’: 
· If higher layers and/or DCI set uplink resource allocation to type 0, UE does not expect that Transform precoder indicator field indicates that transform precoder is enabled.
· Note: further investigate any specification change.

Agreement
For PUSCH scheduled by DCI format 0_1 (0_2) in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1 and [dynamicTransformPrecoderIndicationDCI-0-1] ([dynamicTransformPrecoderIndicationDCI-0-2]) set to ‘enabled’:
· If dmrs-Type corresponding to the PUSCH is set to type2, UE does not expect that Transform precoder indicator field indicates that transform precoder is enabled.
· Note: further investigate any specification change.




Although the above mentioned “Note: further investigate any specification change”, 38.214 Editor has reflected these outcomes in the latest draft CR [1] already (which was also endorsed):
	[bookmark: _Toc11352149][bookmark: _Toc20318039][bookmark: _Toc27299937][bookmark: _Toc29673211][bookmark: _Toc29673352][bookmark: _Toc29674345][bookmark: _Toc36645575][bookmark: _Toc45810620][bookmark: _Toc130409825]6.1.3	UE procedure for applying transform precoding on PUSCH
[bookmark: _Hlk498091854][…]
-	If the DCI with the scheduling grant was not received with DCI format 0_0 
-	If the DCI with the scheduling grant was received with DCI format 0_1 or 0_2 with CRC scrambled by C-RNTI, MCS-RNTI, or CS-RNTI with NDI=1 and if the UE is configured with a higher layer parameter [dynamicTransformPrecoderIndicationDCI-0-1] in pusch-Config for DCI format 0_1 or [dynamicTransformPrecoderIndicationDCI-0-2] in pusch-Config for DCI format 0_2 and the higher layer parameter is set to ‘enabled’, 
- 	the UE shall, for this PUSCH transmission, consider the transform precoding either enabled or disabled according to the Transform precoder indicator field in the DCI with the scheduling grant.
-	For pusch-TimeDomainAllocationListForMultiPUSCH in pusch-Config, the UE shall, for all PUSCH transmissions, consider the transform precoding either enabled or disabled according to Transform precoder indicator field in the DCI format 0_1 with the scheduling grant.
-	If resourceAllocation in pusch-Config for DCI format 0_1 or resourceAllocationDCI-0-2 in pusch-Config for DCI format 0_2 is set to resourceAllocationType0, or if the resource allocation is set to resource allocation type 0 according to the DCI configuration as described in clauses 7.3.1.1.2 and 7.3.1.1.3 of [6, TS 38.212], or if dmrs-Type in DMRS-UplinkConfig is set to ‘type 2’ for this PUSCH transmission, the UE does not expect that the Transform precoder indicator field in the DCI with the scheduling grant indicates that transform precoding is enabled.
-	Otherwise,
-	If the UE is configured with the higher layer parameter transformPrecoder in pusch-Config, the UE shall, for this PUSCH transmission, consider the transform precoding either enabled or disabled according to this parameter.
-	If the UE is not configured with the higher layer parameter transformPrecoder in pusch-Config, the UE shall, for this PUSCH transmission, consider the transform precoding either enabled or disabled according to the higher layer configured parameter msg3-transformPrecoder.
<omitted text>



The above CR actually has no issue to capture the intention of the agreements correctly. Another alternative to capture the agreed intention is to have a note implying this in RRC parameter description to be specified in TS 38.331. We think this alternative also works, while we do not see a benefit compared to what the latest 38.214 CR captures above. Therefore, we think it is the most straightforward to confirm the above change. 
For this issue, some may argue that any specification impact is NOT necessary. We do not think it is true due to the fact that RAN1 confirmed in the last meeting that “transform precoder is enabled/disabled” in Rel-17 specifications does not imply the resulted transform precoder indicated by Rel-18 DWS (or TPI). Therefore, the above limitation for TPI indications should be captured somewhere in Rel-18 specification in our view. 
Proposal 3: For DWS indication behaviour in case of FDRA Type 0 or DMRS Type 2, confirm the latest CR captures the intention correctly
· No need of any further discussion

On PHR enhancement for DWS, RAN2 agreed to support this, and then sent an LS reply to RAN1 [2], informing the following:
	RAN2 discussed reporting PCMAX for assumed PUSCH transmissions in RAN2#123bis, and made the following agreement:
Introduce new DWS MAC CE for reporting PHR for assumed and non-assumed PUSCH transmissions (we will not introduce a separate MAC CE just containing the assumed PHR) – We will design this to support DC/CA scenario (can indicate this to RAN1 and let us know if this has any impact to their design)
No new PHR triggers will be defined in RAN2




RAN2 is also working on constructing the corresponding CR to TS 38.321, in which we have identified that the main change is to add new MAC CE based on legacy PHR MAC CE only. Note that this discussion is still on-going, expected to be endorsed in November RAN2. 
One potential remaining issue here would be whether/how to capture the intention of the following agreement in RAN1, especially the yellow parts: 
	Agreement
For reporting of power headroom information for assumed PUSCH using target waveform different from waveform of actual PUSCH, support the following:
· Power headroom information for assumed PUSCH is based on an actual PUSCH transmission.
· In case of no actual PUSCH transmission on a serving cell, power headroom information for assumed PUSCH is not supported.
· DWS field needs to be configured for at least one DCI format for the BWP of the actual PUSCH, otherwise power headroom information for assumed PUSCH is not supported.
· If actual PUSCH transmission is with DFT-S-OFDM waveform, UE computes power headroom information of an assumed PUSCH with CP-OFDM waveform. If actual PUSCH transmission is with CP-OFDM waveform, UE computes power headroom information of an assumed PUSCH with DFT-S-OFDM waveform.
· All parameters that are used for the calculation of PCMAX,f,c(i), except waveform, are the same between assumed PUSCH and actual PUSCH.
· In case assumed PUSCH transmission is not supported for the parameters that are used for the calculation of PCMAX,f,c(i), power headroom information for assumed PUSCH is not computed or reported.
· Power headroom information for assumed PUSCH contains:
· PCMAX,f,c(i) of assumed PUSCH
· Accounting for applicable MPR, A-MPR and P-MPR for the assumed PUSCH.
· If UE reports power headroom information for assumed PUSCH in a PUSCH transmission, legacy PHR is also reported in the same PUSCH transmission.
· No consensus in RAN1 if the following applies or not: if UE reports legacy PHR in a PUSCH transmission, power headroom information for assumed PUSCH is also reported.
· Note: RAN endorsed the following at RAN#100: “RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel-18 UL Coverage enh WI” [RP-231498].
Send LS to RAN2 to inform above agreement.





In our view, the yellow parts above should be specified somewhere. We also think the proper place to capture them could be TS 38.213 (e.g., PHR section), not RAN2 specification. Meanwhile, given that running CR for 38.321 is still on-going in RAN2, it could be safer to postpone RAN1 discussions a bit more. With that in mind, we suggest the following:
Proposal 4: RAN1#115 to discuss whether to capture any of the following in the specification:
· If capturing above is deemed necessary, discuss where to capture, and corresponding actions
	Agreement
For reporting of power headroom information for assumed PUSCH using target waveform different from waveform of actual PUSCH, support the following:
· Power headroom information for assumed PUSCH is based on an actual PUSCH transmission.
· In case of no actual PUSCH transmission on a serving cell, power headroom information for assumed PUSCH is not supported.
· DWS field needs to be configured for at least one DCI format for the BWP of the actual PUSCH, otherwise power headroom information for assumed PUSCH is not supported.
· If actual PUSCH transmission is with DFT-S-OFDM waveform, UE computes power headroom information of an assumed PUSCH with CP-OFDM waveform. If actual PUSCH transmission is with CP-OFDM waveform, UE computes power headroom information of an assumed PUSCH with DFT-S-OFDM waveform.
· All parameters that are used for the calculation of PCMAX,f,c(i), except waveform, are the same between assumed PUSCH and actual PUSCH.
· In case assumed PUSCH transmission is not supported for the parameters that are used for the calculation of PCMAX,f,c(i), power headroom information for assumed PUSCH is not computed or reported.
· Power headroom information for assumed PUSCH contains:
· PCMAX,f,c(i) of assumed PUSCH
· Accounting for applicable MPR, A-MPR and P-MPR for the assumed PUSCH.
· If UE reports power headroom information for assumed PUSCH in a PUSCH transmission, legacy PHR is also reported in the same PUSCH transmission.
· No consensus in RAN1 if the following applies or not: if UE reports legacy PHR in a PUSCH transmission, power headroom information for assumed PUSCH is also reported.
· Note: RAN endorsed the following at RAN#100: “RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel-18 UL Coverage enh WI” [RP-231498].
Send LS to RAN2 to inform above agreement.






3. Conclusion
Proposal 1: For support DWS when multiple UL CCs are configured for a UE, discuss the following in UE feature session: 
· Consider differentiation of multi-CC operation type (i.e., intra-band contiguous CA, intra-band non-contiguous CA, inter-band CA and DC) for the support of DWS when designing UE capability singalling, e.g., 
· For multi-CC types other than intra-band contiguous CA, the support of DWS can be reported by a common UE capability signalling, as well as for single-CC operation
· For intra-band contiguous CA, the support of DWS can be reported based on a separate capability signaling, in which additional restriction on transform precoder across CCs can also be considered

Proposal 2: For whether/how to support DWS indication in DCI 0_3 (i.e., multi-carrier scheduling DCI), continue any discussion in MCE maintenance session

Proposal 3: For DWS indication behaviour in case of FDRA Type 0 or DMRS Type 2, confirm the latest CR captures the intention correctly
· No need of any further discussion

Proposal 4: RAN1#115 to discuss whether to capture any of the following in the specification:
· If capturing above is deemed necessary, discuss where to capture, and corresponding actions
	Agreement
For reporting of power headroom information for assumed PUSCH using target waveform different from waveform of actual PUSCH, support the following:
· Power headroom information for assumed PUSCH is based on an actual PUSCH transmission.
· In case of no actual PUSCH transmission on a serving cell, power headroom information for assumed PUSCH is not supported.
· DWS field needs to be configured for at least one DCI format for the BWP of the actual PUSCH, otherwise power headroom information for assumed PUSCH is not supported.
· If actual PUSCH transmission is with DFT-S-OFDM waveform, UE computes power headroom information of an assumed PUSCH with CP-OFDM waveform. If actual PUSCH transmission is with CP-OFDM waveform, UE computes power headroom information of an assumed PUSCH with DFT-S-OFDM waveform.
· All parameters that are used for the calculation of PCMAX,f,c(i), except waveform, are the same between assumed PUSCH and actual PUSCH.
· In case assumed PUSCH transmission is not supported for the parameters that are used for the calculation of PCMAX,f,c(i), power headroom information for assumed PUSCH is not computed or reported.
· Power headroom information for assumed PUSCH contains:
· PCMAX,f,c(i) of assumed PUSCH
· Accounting for applicable MPR, A-MPR and P-MPR for the assumed PUSCH.
· If UE reports power headroom information for assumed PUSCH in a PUSCH transmission, legacy PHR is also reported in the same PUSCH transmission.
· No consensus in RAN1 if the following applies or not: if UE reports legacy PHR in a PUSCH transmission, power headroom information for assumed PUSCH is also reported.
· Note: RAN endorsed the following at RAN#100: “RAN2 will not work on PHR triggering procedure for dynamic waveform switching in Rel-18 UL Coverage enh WI” [RP-231498].
Send LS to RAN2 to inform above agreement.
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