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Introduction
[bookmark: _Hlk101443289][bookmark: OLE_LINK1]In RAN#96-e, revised WID on Further NR coverage enhancements was endorsed [1]. One of the objective of this work item is to specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM as the following:
	· [bookmark: _Hlk83924038]Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)


In this contribution, we share the view on Dynamic switching between DFT-S-OFDM and CP-OFDM for Rel-18 coverage enhancement.
Discussions
Dynamic indication options
In order to support dynamic switching between DFT-S-OFDM and CP-OFDM, dynamic signaling from the network to the UE needs to be enhanced. There are two possible types of dynamic signaling, DCI and MAC-CE. In RAN1#110bis-e meeting, candidate options for dynamic signaling realizing dynamic switching were discussed and the following was taken as a 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
· [bookmark: _Hlk118208681]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



There are several aspects for the comparison of the above listed options, such as signaling overhead, scheduler flexibility, and specification effort and behavior complexity.

Signaling overhead
Basically, Alt 1-A “new field in scheduling DCI” would require additional signaling overhead compared with the legacy DCI, while Alt 1-B does not lead to any overhead increase. It is true that DCI payload size should be kept as small as possible. On the other hand, in fact, additional 1-bit field in the DCI format 0_1 does not lead to actual overhead increase in most cases. Link adaptation of PDCCH is based on the aggregation level selection. A typical payload size of DCI format 0_1 is more than 40 bits. With this range of payload size, even if only 1 bit is added, the network may not need to select higher aggregation levels to satisfy a target error rate in most cases. For example, in a real deployment, the network is likely to use conservative criteria for PDCCH aggregation level adaptation, in order to ensure a target performance, and it is not likely to adjust such criteria only for 1-bit increase of DCI payload size. In addition, even with this 1-bit field insertion, the typical payload size of DCI format 0_1 is still smaller than a typical payload size of DCI format 1_1. Therefore, the additional 1-bit field does not cause either actual overhead increase or a coverage issue.
Observation 1: 
· In most cases, 1-bit field insertion to DCI format 0_1 would not lead to selection of higher aggregation level for a PDCCH transmission.
· For typical configurations, DCI format 0_1 with the new 1-bit field still has better coverage than DCI format 1_1.

Scheduler flexibility
Alt 1-A does not require any new interpretation on the existing field values, and as such scheduling flexibility remains unchanged compared with the legacy scheduler. In contrast, Alt 1-B would cause degradation on scheduler flexibility, though the degradation could be more or less depending on which field or set of fields carries the information of transform precoding schemes.
For Alt 1-B-1, repurposing of TDRA field or MCS field has been proposed. If each of TDRA entries include the information on whether the transform precoding is applied or not and if the bit size of TDRA field is not extended, that results in large reduction of the flexibility for the time domain resource allocation. Similarly, if some entries of MCS table are repurposed to indicate the transform precoding, the flexibility of MCS selection degrades a lot. Therefore, Alt 1-B-1 is not a good way to go.
For Alt 1-B-2, the flexibility of the existing field value setting is the same as the legacy one, unlike Alt 1-B-2. However, whether the transform precoding is applied or not is linked to certain conditions of the existing field value setting. This results in the limitation of combination between the possible setting of the existing field values and whether the transform precoding is applied or not. For example, if CP-ODFM and DFT-S-OFDM are tied to UL transmission with rank 2 or more and rank 1, respectively, the network cannot choose CP-OFDM with rank 1. This limitation does not exist for Alt 1-A.
Observation 2: 
· Alt 1-B would cause degradation on scheduler flexibility, though the degradation could be more or less depending on which field or set of fields carries the information of transform precoding schemes.

Specification effort and behavior complexity
From the specification effort and behavior complexity perspective, Alt 1-A is the simplest solution, because only adding the field description for the new field would be sufficient. With Alt 1-A, UE follows the new field for the transform precoding, and it also follows all the other fields just as in the legacy behavior. Alt 1-B-1 would bring the biggest specification work, because all the conditions for different interpretations of the existing field values and/or the entries of the existing table need to be specified. Specification impact caused by Alt 1-B-2 may be something in between, but it still needs more efforts than Alt 1-A.
Observation 3: 
· Alt 1-A is the simplest solution in terms of the specification effort and behavior complexity.

Based on the above analysis, we propose taking Alt 1-A. Furthermore, we think 1 bit is sufficient for the new field.
Proposal 1: 
· UL waveform is indicated by a new field in an UL scheduling DCI.
· The size of the new field is 1 bit.

DCI size alignment between CP-OFDM and DFT-S-OFDM
During the email discussions in RAN1#110bis-e meeting, FL raised the issue of DCI size alignment between CP-OFDM and DFT-S-OFDM. It is observed that the size/presence of several fields may be different depending on whether transform precoding is enabled or disabled. Such fields include: 
· Precoding information and number of layers
· Antenna ports
· PTRS-DMRS association
· DMRS sequence initialization
· FDRA
Variable DCI sizes would cause significantly high complexity on PDCCH blind decoding process. Even if dynamic switching between CP-OFDM and DFT-S-OFDM is enabled, DCI format sizes have to remain unchanged irrespective of which waveform is dynamically indicated. Several companies have proposed that the size of DCI scheduling PUSCH with DFT-s-OFDM needs to be aligned with the size of DCI scheduling PUSCH with CP-OFDM, in order to cover the case of CP-OFDM. Otherwise, when CP-OFDM is dynamically selected by the network, some of the necessary parameters in UL scheduling DCI may be missing. This would cause a significant throughput degradation. A possible way to make the DCI sizes to be aligned with CP-OFDM case is to have a limitation on the configuration of dynamic switching enabling/disabling. More specifically, DCI-based indication of the dynamic switching can be enabled only when legacy RRC parameter transformPrecoder is set to “enable”. With this limitation, the DCI sizes can be determined based on the only RRC configuration, just like the legacy mechanism, and minimum specification change on DCI size determination is expected.
Proposal 2: 
· DCI-based indication of the dynamic switching can be enabled only when legacy RRC parameter transformPrecoder is set to “enable”.
· The DCI sizes can be determined based on legacy RRC parameter transformPrecoder, just like the legacy mechanism.

Conclusion
In this contribution, we have the following observation and proposal:
Observation 1: 
· In most cases, 1-bit field insertion to DCI format 0_1 would not lead to selection of higher aggregation level for a PDCCH transmission.
· For typical configurations, DCI format 0_1 with the new 1-bit field still has better coverage than DCI format 1_1.
Observation 2: 
· Alt 1-B would cause degradation on scheduler flexibility, though the degradation could be more or less depending on which field or set of fields carries the information of transform precoding schemes.
Observation 3: 
· Alt 1-A is the simplest solution in terms of the specification effort and behavior complexity.
Proposal 1: 
· UL waveform is indicated by a new field in an UL scheduling DCI.
· The size of the new field is 1 bit.
Proposal 2: 
· DCI-based indication of the dynamic switching can be enabled only when legacy RRC parameter transformPrecoder is set to “enable”.
· The DCI sizes can be determined based on legacy RRC parameter transformPrecoder, just like the legacy mechanism.
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