3GPP TSG RAN WG1 #113			R1-2304867
Incheon, Korea, May 22nd – May 26th, 2023

Agenda item:			9.12.3
Source:	China Telecom
Title:	Discussion on dynamic waveform switching between DFT-s-OFDM and CP-OFDM
Document for:		Discussion
Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]In RAN #94 e-meeting, a new Rel-18 work item on further NR coverage enhancements was approved [1] and updated in RAN #96 [2]. The objective of the work item is to specify further uplink coverage enhancements for PRACH, power domain and DFT-S-OFDM. Detailed objective for dynamic switching between DFT-S-OFDM and CP-OFDM is listed as follows:
	· Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)



In this contribution, we focus on the dynamic switching between DFT-S-OFDM and CP-OFDM.
Discussion
1.1     Applicability of dynamic waveform 
In RAN1 #112bis e-meeting, the following conclusion was reached [3]. 
	Conclusion
[bookmark: _Hlk134458038][bookmark: _Hlk134458012]For PUSCH transmission scheduled by C-RNTI with DCI format 0_0, UE considers transform precoding enabled or disabled according to msg3-transformPrecoder as in legacy.



The DCI format 0_0 is actually a fall-back format, which should be kept as simple as possible. To add a new field to DCI format 0_0 for indicating the DWS is unnecessary. We propose to reuse the current mechanism in legacy for UE to enable/disable the transform precoding.
Proposal 1: Support UE to considers transform precoding enabled or disabled according to msg3-transformPrecoder as in legacy for PUSCH transmission scheduled by C-RNTI with DCI format 0_0.
[bookmark: OLE_LINK3]For the Msg3 transmission, the waveform is indicated with the RRC parameters “msg3-transformPrecoder”, to reuse the 1-bit DCI field for the Msg3 initial waveform switching indication can be complex and unnecessary. For the initial transmission of Msg3, the msg3-transformPrecoder should be referred to decide the waveform. And for the retransmission of Msg3, from our prospective, the new 1-bit DCI field shouldn’t be applied to the fall-back format, i.e., DCI format 0_0 scrambled by TC-RNTI. If such DCI is transmitted, it means that the transmission of Msg3 is failed, and the retransmission is needed. In such condition,  the coverage for Msg3 should be enhanced. So we are open to discuss the DWS for Msg3 with other mechanism, e.g., the implicit indication method with reusing the current bit in DCI format 0_0, can be applied to the DWS for Msg3 retransmission.
[bookmark: _Hlk131166756]Proposal 2: For Msg 3 retransmission scheduled by TC-RNTI with DCI format 0_0, the current 1-bit new field shouldn’t be applied to indicate the transform precoding. 
Observation 1：The DWS for Msg3 can be applied with other mechanisms, e.g., implicit indication with reusing the current field of DCI 0_0.
1.2     Handling of FDRA/DMRS type
The FDRA type0 and DMRS type2 can’t be configured for the DFT-s-OFDM. To solve the problem, two similar options were given on both the FDRA/DMRS configuration in RAN1 #112bis e-meeting as follow.
	Agreement
For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, and useInterlacePUCCH-PUSCH is not configured, downselect between following options:
· Option 1 (configuration restriction with error case handling):
· UE does not expect resourceAllocation set to resourceAllocationType0.
· If DFT-S-OFDM is indicated and resourceAllocation set to dynamicSwitch, UE does not expect MSB of FDRA field set to 0. 

· Option 2 (UE only uses resourceAllocation if CP-OFDM is indicated):
· If DFT-S-OFDM is indicated, UE applies type 1 resource allocation.
· If CP-OFDM is indicated, UE applies resource allocation according to resourceAllocation IE.
· Size of FDRA field is aligned between size for type 1 resource allocation and size according to resourceAllocation IE.

Agreement
For PUSCH scheduled by DCI format 0_1/0_2 with dynamic waveform switching indication field configured, downselect between following options:
· Option 1 (configuration restriction with error case handling):
· UE does not expect dmrs-Type to be set to type2.

· Option 2 (UE only uses dmrs-Type if CP-OFDM is indicated):
· If DFT-S-OFDM is indicated, UE applies DMRS type 1.
· If CP-OFDM is indicated, UE applies DMRS type according to dmrs-Type.



[bookmark: OLE_LINK4]For the FDRA/DMRS configuration of DFT-s-OFDM, the two options actually lead to the same results. For the FDRA type configuration, the motivation of option 1 is to treat the configuration of FDRA type0 for DFT-s-OFDM as an error case, the condition can be avoided from the gNB side, which is more reasonable. With this option, the FDRA set to type0 for CP-OFDM can only be achieved with the resourceAllocation set to dynamicSwitch and be further decided by UE. While the Option2 can reuse the current mechanism for FDRA type configuration for CP-OFDM, the only spec impact is that the UE will only applies type 1 RA. Therefore, for the FDRA type configuration, we slightly prefer to Option 2, but can also live with Option 1. 
Observation 2: For the FDRA type configuration, Option 1 and Option 2 lead to the same result, Option 1 have less spec impact on UE and more reasonable, but Option 2 can be more complexity.
However, for DMRS configuration, if the Option 1 is adopted, it means that the dmrs-Type also can’t be set to type2 for CP-OFDM, which is unreasonable and reduce the complexity. And if modified Option 1 as:
· If DFT-s-OFDM is indicated, UE does not expect dmrs-Type to be set to type2.
it is actually the same as Option2, the difference is that the restriction happens on gNB or UE. So we think the current Option 2 should be preferred for DMRS type configuration. 
Observation 3: For the DMRS type configuration, the Option 1 brings more restrictions for CP-OFDM.
Therefore, from the prospective of align the mechanism for both FDRA and DMRS configuration, we prefer to adopt the Option 2 for both FDRA and DMRS configuration.
Proposal 3: Support to adopt the Option 2 for both FDRA and DMRS configuration. i.e., 
· For FDRA type configuration:
· If DFT-S-OFDM is indicated, UE applies type 1 resource allocation.
· If CP-OFDM is indicated, UE applies resource allocation according to resourceAllocation IE.
· Size of FDRA field is aligned between size for type 1 resource allocation and size according to resourceAllocation IE.
· For DMRS type configuration:
· If DFT-S-OFDM is indicated, UE applies DMRS type 1.
· If CP-OFDM is indicated, UE applies DMRS type according to dmrs-Type.
1.3     Indication and configuration methods for DCI format 0_1/0_2
For the 1-bit indication of DWS in DCI format 0_1/0_2, the indication can be achieved with following options:
· Option 1: value 0 for DFT-s-OFDM, 1 for CP-OFDM
· Option 2: 0 for keeping the current waveform, 1 for trigger the switching. 
If there are consecutive errors on decoding the indication form UE, the waveform can be always wrong if the option 2 is adopted. Therefore, we prefer Option 1 for the specific indication methods. 
Proposal 4: Support the 1-bit DWS indication by value 0 indicating DFT-s-OFDM/CP-OFDM and value 1 indicating the other waveform.
The following agreement has been reached in the RAN1 #112bis-e for the RRC configuration.
	Agreement
For configuration of 1-bit dynamic waveform switching indication in DCI format 0_1/0_2 per a carrier, downselect between following options:
· Option 1: Separate configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.
· Option 2: Common configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.
· 



Since the size of field and size are different for DCI format 0_1/0_2, we think the indication should be considered separately, otherwise it may be difficult to find a proper common configuration for both formats. Besides, the format 0_2 is mainly introduced for URLLC, which need a DCI format with relative less bits, it is unreasonable if there is always a RRC IE configured for DCI format 0_2 for indicating the DWS.
Proposal 6: Support the Option 1 for configuration of 1-bit DWS indication in DCI format 0_1/0_2, i.e., Separate configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.

· 
1.4     DCI indicating for multiple TBs
There are mainly two cases for the multiple TBs/PUSCHs scheduled by single DCI.
· Case 1: Multi-PUSCH scheduling using DCI format 0_1 for shared spectrum access.
· Case 2: Multiple serving cells scheduled by single DCI (format 0_X)
For case 1, on the one hand, the PUSCHs scheduled by the same DCI is consecutive and experience the similar wireless environment, the same indication for all the PUSCHs is enough; on the other hand, the N-bit will bring extra overhead of DCI. Therefore, we think 1-bit indication is enough for Case 1.
Proposal 5: 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.
While for the case 2, the scheduled DCI is actually the DCI format 0_X, which haven’t been discussed about the DWS indication. We are fine to use multiple bits for the indication in such case, but since we even didn’t discuss whether it can be applied in case 2 condition, we prefer to postpone the discussion. 
Observation 4: The DWS indication for multiple serving cells scheduled by the single DCI (format 0_X) should be treated with low priority. 
1.5     Assistance information for switching waveform
The following 4 options were given and the agreement was reached in last meeting [4].
	Agreement
For potential enhancements to assist the scheduler in determining waveform switching, RAN1 to select 1 from the following options:
· Option 1: Reporting of power headroom information for a reference PUSCH using target waveform different from waveform of actual PUSCH.
· Details FFS.
· Note: reporting PH information for both waveforms is not precluded.
· Note: additional trigger for PH for reference PUSCH is not precluded.
· Option 2: New trigger of power headroom report based on waveform switching event.
· Details FFS.
· Option 3: Both Option 1 and Option 2.
· Details FFS.
· Option 4: No enhancement.



The Option 1 is a “measuring first then switching (MFTS)” method. The main advantage of is that the gNB can make the best decision with the measurement results from the UE, which can be beneficial for the network performance. But the measurement can be out of time sometimes and the PHR in the current specs content should be modified, which may lead to more overhead. However, since there are reservation bits in the current MAC CE of PHR, the extra overhead may be avoided with reusing these bits. 
While Option 2 is a “switching first then measuring (SFTM)” method. The main advantage is that the switching can happens at any time, and the up-to-date PHR can be provided for gNB. In such case, even if the DWS bring performance degradation, the waveform can be switched back according to the latest PHR. To support the option, enhancement on the trigger mechanism of PHR is needed. Besides, the scheduling can be a little chaos just after the switching and cause a little performance degradation. 
From our prospective, both options are fine. But the motivation of introducing DWS is to guarantee the network performance, which can be provided with Option1. And if designed properly, the overhead increasement can be avoided by using the reservation bits. Therefore, we prefer Option 1, but Option 2 is also acceptable. However, we don’t think option 3, i.e., both Option 1 and Option 2 is supported, is needed. 
[bookmark: _Hlk134526691]Proposal 6: Support Option 1 of the assistance information enhancement for switching waveform, i.e., Reporting of power headroom information for a reference PUSCH using target waveform different from waveform of actual PUSCH.
· The reservation in the MAC CE PHR report can be considered to be reused for avoiding increasing overhead.
· The Option 2 can also be supported, but supporting only one of the Option 1/2 is enough.  
Conclusions
In this contribution, we discuss dynamic switching between DFT-S-OFDM and CP-OFDM and have following proposals:
Proposal 1:
Support UE to considers transform precoding enabled or disabled according to msg3-transformPrecoder as in legacy for PUSCH transmission scheduled by C-RNTI with DCI format 0_0.
Proposal 2:
For Msg3 retransmission scheduled by TC-RNTI with DCI format 0_0, the current 1-bit new field shouldn’t be applied to indicate the transform precoding. 
Observation 1：
The DWS for Msg3 can be applied with other mechanisms, e.g., implicit indication with reusing the current field of DCI 0_0.
Observation 2: 
For the FDRA type configuration, Option 1 and Option 2 lead to the same result, Option 1 have less spec impact on UE and more reasonable, but Option 2 can be more complexity.
Observation 3: 
For the DMRS type configuration, the Option 1 brings more restrictions for CP-OFDM.
Proposal 3:
Support to adopt the Option 2 for both FDRA and DMRS configuration. i.e., 
· For FDRA type configuration:
· If DFT-S-OFDM is indicated, UE applies type 1 resource allocation.
· If CP-OFDM is indicated, UE applies resource allocation according to resourceAllocation IE.
· Size of FDRA field is aligned between size for type 1 resource allocation and size according to resourceAllocation IE.
· For DMRS type configuration:
· If DFT-S-OFDM is indicated, UE applies DMRS type 1.
· If CP-OFDM is indicated, UE applies DMRS type according to dmrs-Type.

Proposal 4:
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.

Observation 4: 
The DWS indication for multiple serving cells scheduled by the single DCI (format 0_X) should be treated with low priority. 
Proposal 5:
Support Option 1 of the assistance information enhancement for switching waveform, i.e., Reporting of power headroom information for a reference PUSCH using target waveform different from waveform of actual PUSCH.
· The reservation in the MAC CE PHR report can be considered to be reused for avoiding increasing overhead.
· The Option 2 can also be supported, but supporting only one of the Option 1/2 is enough.  
Proposal 6: 
Support the 1-bit DWS indication by value 0 indicating DFT-s-OFDM/CP-OFDM and value 1 indicating the other waveform.
Proposal 7:
Support the Option 1 for configuration of 1-bit DWS indication in DCI format 0_1/0_2, i.e., Separate configuration of presence of dynamic waveform switching field for DCI format 0_1 and DCI format 0_2.
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