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In RAN#96 meeting, a revised WID on NR support for further NR coverage enhancements was approved [1]. It focuses on PRACH coverage enhancements, power domain enhancements and dynamic switching between DFT-S-OFDM and CP-OFDM.
After RAN1#113 meeting, the WI “further NR coverage enhancements” has achieved lots of agreements and conclusions. In this contribution, we provide our views on potential UE features for coverage enhancements, respectively.
UE features for coverage enhancements
[bookmark: OLE_LINK15]In this section, we provide analysis and views for the UE features for further NR coverage enhancements based on the agreements and conclusions reached so far. 
UE features for multiple PRACH transmissions with same beam
Multiple PRACH transmissions with same beam is supported but we have no consensus to support the multiple PRACH transmissions with different beams [2]. For multiple PRACH transmissions, it requires necessary modifications to some NR functions that are mandatory to legacy UEs, e.g., multiple PRACH transmissions with same beam etc. Therefore, for a Rel-18 UE supporting multiple PRACH transmissions with same beam, a basic UE FG should be defined to include all modified/enhanced functions which are mandatory UE features for NR operation. Then, the gNB can get a full picture on the ratio of new UEs in the network for optimizing PRACH parameter configuration. In addition, a new UE may not select the multiple PRACH transmissions mode during the initial access procedure. It is helpful for the gNB to configure the multiple PRACH transmissions mode in the subsequent CFRA procedure (if supported) if the corresponding UE capability is reported by the UE. Given the basic UE FG is supported in all the cells and bands, the reporting type for this basic UE FG could be per UE basis.
[bookmark: OLE_LINK6]Proposal 1: For a Rel-18 UE supporting multiple PRACH transmissions with same beam, a basic UE FG should be defined to include all modified/enhanced functions which are mandatory UE features for legacy NR operation. 
· Per UE reporting for the basic UE FG. 

In RAN1#112 meeting, there is an agreement on the number of multiple PRACH transmissions with same Tx beams [3].
	Agreement
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.


The supporting number of multiple PRACH transmissions with same Tx beams may be one or more values in the set {2, 4, 8}. Three alternatives can be considered for the UE feature how to support the number of multiple PRACH transmissions with same Tx beam.
· Alternative 1: Each value in the set {2, 4, 8} is corresponding to each feature group, and there are three individual feature groups.
· Alternative 2: Value of {2} for multiple PRACH transmissions is treated as the basic feature group, any UE supporting {4, 8} should support {2} first. This is reasonable as it is not needed for UE to mandatory support the higher repetition number of PRACH transmissions.
· Alternative 3: All values in the set {2, 4, 8} are corresponding to one feature group, and there is only one feature group. The UE should support all the number of multiple PRACH transmission in the set.
Alternative 3 is preferred. To reduce the complexity and the waste of PRACH resources, it is unnecessary to introduce separate capabilities for different repetition numbers mentioned in Alternative 2 and 3. For simplicity, only one basic UE FG should be based on the {2, 4, 8} of number of multiple PRACH transmissions with same Tx beams.
Proposal 2: Only one basic UE FG should be based on the {2, 4, 8} of number of multiple PRACH transmissions with same Tx beam.
Proposal 3: Consider the following UE FGs for PRACH coverage enhancements in Rel-18 further NR coverage enhancements as a starting point.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	xx.
NR_cov_enh2
	xx-1
	Basic function of multiple PRACH transmissions
	Support basic function of multiple PRACH transmissions with repetition number = 2, 4, 8
	
	Yes
	N/A
	UE is not required to support multiple PRACH transmissions with repetition number = 2, 4, 8.
	[Per UE]
	N/A
	N/A
	N/A
	
	Optional with capability signaling



UE features for power domain enhancements
For power domain enhancements, there are two aspects discussed in RAN1, i.e., MPR/PAR reduction and increasing UE power higher limit for CA/DC. 
· MPR/PAR reduction
In RAN#100, it was agreed that no RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL coverage WI. That is, RAN1 will not work on the non-transparent FDSS schemes, and therefore no need any further RAN1 discussion on MPR/PAR reduction including UE feature discussion. 
	· Proposal #1 (endorsed)
· No RAN1 specification impact is expected for MPR/PAR reduction in Rel-18 UL Coverage WI
· RAN4 will define new optional requirements in the form of at least MPR reduction suitable for a transparent scheme (such as FDSS) that have no RAN1 specification impact



Proposal 4: No new UE feature is needed in RAN1 for MPR/PAR reduction. 
· Increasing UE power higher limit for CA/DC
For this topic, RAN4 has agreed to enable UE report on the ΔPPowerClass to indicate which power class requirements that the UE is referring to only when configured duty cycle is exceeded. However, whether and how much RAN1 work would be involved is still up to RAN1 discussion in RAN1#114. At this point, we suggest to wait for the progress in AI 9.12.2 first before discussing potential UE feature for increasing UE power higher limit for CA/DC.
Proposal 5: For increasing UE power higher limit for CA/DC, whether/how RAN1 UE FG(s) is defined is up to further discussion in AI 9.1.2.2. 

UE features for dynamic switching between DFT-S-OFDM and CP-OFDM
Dynamic switching between DFT-S-OFDM and CP-OFDM is supported. It requires necessary modifications to some NR functions that are mandatory to legacy UEs, e.g., dynamic switching between DFT-S-OFDM and CP-OFDM according to the DCI indication. Therefore, for a Rel-18 UE supporting dynamic switching between different waveforms, a basic UE FG should be defined to include all modified/enhanced functions which are mandatory UE features for NR operation. 
Proposal 6: For a Rel-18 UE supporting dynamic switching between DFT-S-OFDM and CP-OFDM, a basic UE FG should be defined to include all modified/enhanced functions which are mandatory UE features for legacy NR operation. 

There are some agreements and conclusions on the dynamic waveform switching between different waveforms:
	Agreement
Dynamic waveform switching enhancement in R18 is only applicable to PUSCH channel.
Agreement (TBC): 
Dynamic waveform switching enhancement in R18 is applicable to PUSCH scheduled by DCI format 0_1 or 0_2 in PDCCH with CRC scrambled with C-RNTI, MCS-C-RNTI, or CS-RNTI with NDI=1.
Agreement
For single TB scheduled by single DCI, support new 1-bit field for dynamic waveform indication from UL scheduling DCI.
Conclusion
There is no consensus to support “Dynamic waveform switching to PUSCH transmissions with a Type 2 configured grant” in R18.
Agreement
Dynamic waveform switching in R18 is not applicable to PUSCH transmissions with a Type 1 configured grant.
Conclusion
The dynamic waveform indication in a DCI containing a dynamic uplink grant applies only to PUSCH transmission(s) corresponding to the dynamic uplink grant.
Agreement
Configuration of dynamic waveform switching indicator field, for a BWP, is separately configurable between DCI format 0_1 and DCI format 0_2.



From the above agreements and conclusions, the basic FG should aim to the function applicable to PUSCH with single TB scheduled by single DCI format 0_1 or 0_2. Then the component of the basic FG should at least include the dynamic waveform switching is applicable to PUSCH with single TB scheduled by single DCI format 0_1 or 0_2 and new 1-bit field for dynamic waveform indication from UL scheduling DCI.
The supporting of dynamic waveform switching to PUSCH transmissions with a Type 1/2 configured grant is not allowed. Then it is better to add a note in the basic UE FG that the supporting of dynamic waveform switching to PUSCH transmissions with a Type 1/2 configured grant is precluded.
Proposal 7: The component of the basic FG should include that the dynamic waveform switching is applicable to PUSCH with single TB scheduled by single DCI format 0_1 or 0_2 and new 1-bit field for dynamic waveform indication from UL scheduling DCI. 
Proposal 8: Add a note in the basic UE FG that supporting of dynamic waveform switching to PUSCH transmissions with a Type 1/2 configured grant is precluded.

· Multi-PUSCH scheduling in time domain
	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.


There is an agreement on the joint processing between DWS and NRU. In case the UE is configured with multi-PUSCH scheduling in time domain in a carrier (i.e. pusch-TimeDomainAllocationListForMultiPUSCH), only DCI format 0_1 supports 1-bit field for dynamic waveform switching indication. There is no need to mandatory support the joint processing between DWS and NRU, so the reporting of this capability is needed. The basic FG for single PUSCH with single TB scheduled by single DCI format 0_1 or 0_2 is the prerequisite feature group for the FG for multi-PUSCH scheduling. The component of this FG is supporting dynamic waveform switching if UE is configured with multi-PUSCH scheduling in time domain in a carrier (i.e. pusch-TimeDomainAllocationListForMultiPUSCH)
Proposal 9: The basic UE FG for single PUSCH with single TB scheduled by single DCI format 0_1 or 0_2 is the prerequisite feature group for the FGs for multi-PUSCH scheduling.
Proposal 10: Support dynamic waveform switching if UE is configured with multi-PUSCH scheduling in time domain in a carrier (i.e. pusch-TimeDomainAllocationListForMultiPUSCH).
Proposal 11: Consider the following UE FGs for dynamic waveform switching in Rel-18 further NR coverage enhancements as a starting point.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	xx.
NR_cov_enh2
	xx-2
	Basic function of dynamic waveform switching between DFT-S-OFDM and CP-OFDM
	Support dynamic waveform switching applicable to PUSCH with single TB scheduled by single DCI format 0_1 or 0_2;
Support new 1-bit field for dynamic waveform indication from UL scheduling DCI.
	
	Yes
	N/A
	UE is not required to support dynamic waveform switching between DFT-S-OFDM and CP-OFDM applicable to PUSCH with single TB scheduled by single DCI format 0_1 or 0_2.
	[TBD]
	N/A
	N/A
	N/A
	Supporting of dynamic waveform switching to PUSCH transmissions with a Type 1/2 configured grant is precluded.
	Optional with capability signaling

	xx.
NR_cov_enh2
	xx-3
	Dynamic waveform switching if UE is configured with multi-PUSCH scheduling in time domain in a carrier 
	Support dynamic waveform switching if UE is configured with multi-PUSCH scheduling in time domain in a carrier (i.e. pusch-TimeDomainAllocationListForMultiPUSCH)
	xx-2
	Yes
	N/A
	UE is not required to support dynamic waveform switching between DFT-S-OFDM and CP-OFDM applicable to multi-PUSCH scheduling in time domain in a carrier.
	[TBD]
	N/A
	N/A
	N/A
	
	Optional with capability signaling



Conclusion
In this contribution, we provide our analysis and views for UE capabilities for Rel-18 CE WI.
UE features for PRACH coverage enhancements
Proposal 1: For a Rel-18 UE supporting multiple PRACH transmissions with same beam, a basic UE FG should be defined to include all modified/enhanced functions which are mandatory UE features for legacy NR operation. 
[bookmark: _GoBack]Proposal 2: Only one basic UE FG should be based on the {2, 4, 8} of number of multiple PRACH transmissions with same Tx beam.
Proposal 3: Consider the following UE FGs for PRACH coverage enhancements in Rel-18 further NR coverage enhancements as a starting point.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	xx.
NR_cov_enh2
	xx-1
	Basic function of multiple PRACH transmissions
	Support basic function of multiple PRACH transmissions with repetition number = 2, 4, 8
	
	Yes
	N/A
	UE is not required to support multiple PRACH transmissions with repetition number = 2, 4, 8.
	[Per UE]
	N/A
	N/A
	N/A
	
	Optional with capability signaling



UE features for power domain enhancements
Proposal 4: No new UE feature is needed in RAN1 for MPR/PAR reduction. 
Proposal 5: For increasing UE power higher limit for CA/DC, whether/how RAN1 UE FG(s) is defined is up to further discussion in AI 9.1.2.2. 

UE features for dynamic switching between DFT-S-OFDM and CP-OFDM
Proposal 6: For a Rel-18 UE supporting dynamic switching between DFT-S-OFDM and CP-OFDM, a basic UE FG should be defined to include all modified/enhanced functions which are mandatory UE features for legacy NR operation. 
Proposal 7: The component of the basic FG should include that the dynamic waveform switching is applicable to PUSCH with single TB scheduled by single DCI format 0_1 or 0_2 and new 1-bit field for dynamic waveform indication from UL scheduling DCI. 
Proposal 8: Add a note in the basic UE FG that supporting of dynamic waveform switching to PUSCH transmissions with a Type 1/2 configured grant is precluded.
Proposal 9: The basic UE FG for single PUSCH with single TB scheduled by single DCI format 0_1 or 0_2 is the prerequisite feature group for the FGs for multi-PUSCH scheduling.
Proposal 10: Support dynamic waveform switching if UE is configured with multi-PUSCH scheduling in time domain in a carrier (i.e. pusch-TimeDomainAllocationListForMultiPUSCH).
Proposal 11: Consider the following UE FGs for dynamic waveform switching in Rel-18 further NR coverage enhancements as a starting point.
	Features
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (Sidelink WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	xx.
NR_cov_enh2
	xx-2
	Basic function of dynamic waveform switching between DFT-S-OFDM and CP-OFDM
	Support dynamic waveform switching applicable to PUSCH with single TB scheduled by single DCI format 0_1 or 0_2;
Support new 1-bit field for dynamic waveform indication from UL scheduling DCI.
	
	Yes
	N/A
	UE is not required to support dynamic waveform switching between DFT-S-OFDM and CP-OFDM applicable to PUSCH with single TB scheduled by single DCI format 0_1 or 0_2.
	[TBD]
	N/A
	N/A
	N/A
	Supporting of dynamic waveform switching to PUSCH transmissions with a Type 1/2 configured grant is precluded.
	Optional with capability signaling

	xx.
NR_cov_enh2
	xx-3
	Dynamic waveform switching if UE is configured with multi-PUSCH scheduling in time domain in a carrier
	Support dynamic waveform switching if UE is configured with multi-PUSCH scheduling in time domain in a carrier (i.e. pusch-TimeDomainAllocationListForMultiPUSCH)
	xx-2
	Yes
	N/A
	UE is not required to support dynamic waveform switching between DFT-S-OFDM and CP-OFDM applicable to multi-PUSCH scheduling in time domain in a carrier.
	[TBD]
	N/A
	N/A
	N/A
	
	Optional with capability signaling
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