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1 Introduction
RAN1 has carried out the normative work related to a Rel-18 further NR coverage enhancements, which aims to further improve the coverage performance of the uplink channels from the perspectives of PRACH repetition, power domain enhancement, and dynamic waveform switching [1]. And a mount of agreements has been achieved. In this contribution, we will attempt to figure out the potential RAN2 impacts of Rel-18 further NR coverage enhancements. 
[bookmark: _Toc497230266][bookmark: _Toc497230267]2 Discussion
Having reviewed all the RAN1/4 achieved agreements, we would like to point out that RAN2 should focus on the aspects of PRACH repetition (including RA resource configuration, RA resource selection, and Preamble transmission power control) and dynamic waveform switching (UE assistance information reporting, e.g. enhanced PHR report for target waveform) during the stage-2 phase, based on the quoted agreements given in the Annex. 
Observation: There might be RAN2 impacts for dynamic waveform switching (e.g. enhanced PHR mechanism).
Therefore, RAN2 should also attempt to identify impacts for dynamic waveform switching based on RAN1 agreements (e.g. overall impact to PHR and other potential assistance information reporting).
Proposal 1: Confirm RAN2 will discuss impacts for dynamic waveform switching.
Next, we will investigate the impacts on RA procedure with PRACH repetition. 
2.1 Initial considerations on PRACH repetition
At the first glance, the term “PRACH repetition” may include the PRACH repetition for both CBRA procedure and CFRA procedure. Frankly, not only the IDLE/INACTIVE UEs, but also the CONNECTED UEs in the poor coverage area needs PRACH repetition for radio link robustness. Besides, from RAN2 configuration point of view, it is feasible to configure the corresponding RA resources via SIB signaling (for PRACH repetition of CBRA) or RRC dedicated signaling (for PRACH repetition of CFRA). Therefore, at this stage, it seems there is no reason to exclude either PRACH repetition of CBRA or CFRA in Rel-18 further NR coverage enhancements WI. 
Proposal 2: From RAN2 perspective, PRACH repetition for CBRA and CFRA is supported. 
With Proposal 2, then it seems a spontaneous logic that the RA procedure with PRACH repetition can be triggered by any one of the existing RA triggering events described in TS 38.300:
	The random access procedure is triggered by a number of events:
-	Initial access from RRC_IDLE;
-	RRC Connection Re-establishment procedure;
-	DL or UL data arrival, during RRC_CONNECTED or during RRC_INACTIVE while SDT procedure (see clause 18.0) is ongoing, when UL synchronisation status is "non-synchronised";
-	UL data arrival, during RRC_CONNECTED or during RRC_INACTIVE while SDT procedure is ongoing, when there are no PUCCH resources for SR available;
-	SR failure;
-	Request by RRC upon synchronous reconfiguration (e.g. handover);
-	RRC Connection Resume procedure from RRC_INACTIVE;
-	To establish time alignment for a secondary TAG;
-	Request for Other SI (see clause 7.3);
-	Beam failure recovery;
-	Consistent UL LBT failure on SpCell;
-	SDT in RRC_INACTIVE (see clause 18);
-	Positioning purpose during RRC_CONNECTED requiring random access procedure, e.g., when timing advance is needed for UE positioning.


Note that the TA establishment for a secondary TAG (which requires PDCCH order) would require RAN1 discussions on the L1 signaling design to support the RA procedure with PRACH repetition (e.g. the repetition number of PRACH may need DCI indicating, which involves DCI format design in RAN1). 
According to above, we have the following proposal. 
Proposal 3: From RAN2 perspective, RA procedure with PRACH repetition can be triggered by any one of the existing RA triggering events. 
2.2 RACH partitioning
As per the RAN1 agreement, RACH differentiation (via either preamble in shared RO or separate ROs) between multiple PRACH transmissions and single PRACH transmissions, and RACH differentiation amongst multiple PRACH transmissions with different number of multiple PRACH transmissions should be supported. To realize this, the simplest way is to reuse the Rel-17 RACH partitioning framework for the separate RO case and the shared RO case. 
Proposal 4: Rel-17 RACH partitioning framework is reused for PRACH repetition.
Moreover, considering only {2, 4, 8} can be used as the number of multiple PRACH transmissions while there are four spare fields in the existing FeatureCombination IE, then we think RAN2 can model multiple PRACH transmissions with different number of multiple PRACH transmissions as different features, shown in the below ASN.1 structure. Further, it should be up to NW implementation to combine the Rel-18 RACH feature and the other Rel-17 features without exclusive limitation. 
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Proposal 5: PRACH transmission with a given number of multiple PRACH transmissions is modeled as a Rel-18 RACH partitioning feature. 
Proposal 6: The network can compose a Rel-18 RACH partitioning feature with one or more than one R17 features as a feature combination. 
According to the agreement made in RAN1#111, UE determines whether PRACH should be repeated and the repetition number at least based on SSB-RSRP measurement result at least for the first RACH attempt. Considering that gNB can configure one or multiple values for the number of multiple PRACH transmissions, a criterion for determining the repetition number should be designed. For example, multiple thresholds correspond to different repetition numbers if configured in SIB.
Proposal 7: A separate RSRP threshold is configured for a PRACH transmission with a given number of multiple PRACH transmissions (i.e. multiple thresholds corresponding to different number of multiple PRACH transmissions).
Last but not least, some configuration principles of Rel-17 RACH partitioning are supposed to be supported in Rel-18 PRACH repetition as well. For example, the RA resources for Rel-18 PRACH repetition can be configured on both SUL and NUL, and Preamble Group B is applicable to Rel-18 PRACH repetition (i.e. it is up to the network to decide whether and how to configure Rel-18 PRACH repetition with Preamble Group B). That is because a valid use case exists (e.g. realizing robust transmission in case of RRC resumption with CCCH message of 64-bits). 
Proposal 8: RA resources for Rel-18 PRACH repetition can be configured on SUL and/or NUL.
Proposal 9: Preamble Group B can be configured for Rel-18 PRACH repetition.
2.3 Preamble transmission power control
In current NR framework, for the very first preamble transmission, MAC sets the PREAMBLE_RECEIVED_TARGET_POWER to preambleReceivedTargetPower + DELTA_PREAMBLE, where preambleReceivedTargetPower indicates the target power level at the network receiver side. With PRACH with repetition, then we assume the preambleReceivedTargetPower is the target power level at the network receiver side for one RO, considering that the UE may use different preamble within the multiple PRACH transmission (in which case joint detection for preamble is not feasible). Therefore, the power control modeling at MAC can be reused in Rel-18 for a unified solution. However, for different number of PRACH repetitions compared to PRACH transmission without repetition, at least when separate ROs are configured for PRACH repetition, independent power control parameters should be configured. 
Proposal 10: Preamble transmission power control mechanism should be reused in principle for Rel-18 PRACH repetition though independent power control parameters should be configured for PRACH repetition on separate ROs.
2.4 RA attempt failure
For multiple PRACH transmissions within one RACH attempt, basically, it should be regarded as one bundled PRACH transmission with multiple PRACH transmissions, similar to the PUSCH repetition. In this sense, in the case of RA attempt failure (e.g. RAR reception is not successful), the MAC entity should only increment PREAMBLE_TRANSMISSION_COUNTER by 1, rather than N (i.e. repetition number of PRACH transmission). Otherwise, the UE may quickly declare the RLF, resulting in no performance gain by multiple PRACH transmissions (as the total number of preamble transmissions is the same as in the legacy case). RAN1 also made the following agreement on this power ramping for PRACH repetition.
	Agreement
For multiple PRACH transmissions with same Tx beam in one RACH attempt, transmission power ramping is not applied within one RACH attempt.


Therefore, we have the following proposal, 
Proposal 11: For Rel-18 PRACH repetition, the MAC entity only increments PREAMBLE_TRANSMISSION_COUNTER by 1 in case of RA attempt failure. 
3 Conclusion
In this contribution, we have elaborated on the potential RAN2 impacts of Rel-18 further NR coverage enhancements. All the observation and proposals are summarized below:
Observation: There might be RAN2 impacts for dynamic waveform switching (e.g. enhanced PHR mechanism).
Proposal 1: Confirm RAN2 will discuss impacts for dynamic waveform switching.

Initial considerations on PRACH repetition:
Proposal 2: From RAN2 perspective, PRACH repetition for CBRA and CFRA is supported. 
Proposal 3: From RAN2 perspective, RA procedure with PRACH repetition can be triggered by any one of the existing RA triggering events. 

RACH partitioning:
Proposal 4: Rel-17 RACH partitioning framework is reused for PRACH repetition.
Proposal 5: PRACH transmission with a given number of multiple PRACH transmissions is modeled as a Rel-18 RACH partitioning feature. 
Proposal 6: The network can compose a Rel-18 RACH partitioning feature with one or more than one R17 features as a feature combination. 
Proposal 7: A separate RSRP threshold is configured for a PRACH transmission with a given number of multiple PRACH transmissions (i.e. multiple thresholds corresponding to different number of multiple PRACH transmissions).
Proposal 8: RA resources for Rel-18 PRACH repetition can be configured on SUL and/or NUL.
Proposal 9: Preamble Group B can be configured for Rel-18 PRACH repetition.

Preamble transmission power control:
Proposal 10: Preamble transmission power control mechanism should be reused in principle for Rel-18 PRACH repetition though independent power control parameters should be configured for PRACH repetition on separate ROs.

RA attempt failure:
[bookmark: _GoBack]Proposal 11: For Rel-18 PRACH repetition, the MAC entity only increments PREAMBLE_TRANSMISSION_COUNTER by 1 in case of RA attempt failure. 
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5 Annex: Agreements
For PRACH coverage enhancement,
RAN1#110bis-e meeting agreements:
· For multiple PRACH transmissions with same beam, at least support to use same PRACH preamble during the multiple PRACH transmissions in one RACH attempt.
· FFS: whether different preambles can be utilized in different PRACH transmissions during the multiple PRACH transmissions in one RACH attempt.
· For multiple PRACH transmissions with same beam, at least ROs located at different time instances can be utilized for the transmissions.
· FFS: whether/how the starting RB of ROs can be different at different time instances for multiple PRACH transmissions.
· FFS: whether/how multiple PRACH transmissions located in the same time instance, e.g., for UEs with multiple Tx chains.
· For multiple PRACH transmissions with same beam, for RAR monitoring, consider the following options.
· Option 1: One RAR window per each PRACH transmission, the RAR window follows the legacy design.
· FFS: RA-RNTI.
· Option 2: Only one RAR window for all of the multiple PRACH transmissions.
· FFS: the start position of the RAR window.
· FFS: RA-RNTI.


RAN1#111 meeting agreements:
· For multiple PRACH transmissions with same Tx beam, support to differentiate at least between multiple PRACH transmissions and single PRACH transmissions.
· For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, consider one or multiple of the following options.
· Option 1: Multiple PRACH are transmitted with separate preamble on shared ROs.
· Option 2: Multiple PRACH are transmitted on separate ROs.
· Option 3: Partial of multiple PRACHs are transmitted with separate preamble on shared ROs, while the other multiple PRACHs are transmitted on separate ROs.
· Other options are not precluded.
Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission. 
· Study at least the following case for multiple PRACH transmissions with different Tx beams.
· UE uses different TX beams to transmit the multiple PRACH over ROs associated with the same SSB/CSI-RS
· FFS: UE uses different TX beams to transmit the multiple PRACH over ROs associated with different SSBs /CSI-RSs, where the different SSBs/CSI-RSs are not associated with the same RO.
· Note: not related to decision on CFRA 
Note: UE uses different TX beams to transmit the multiple PRACH over ROs associated with different SSBs/CSI-RSs, where the different SSBs/CSI-RSs are associated with the same RO is not considered.
· For multiple PRACH transmissions with same Tx beam, down-select one option from the following options.
· Option 1: gNB can only configure one value for the number of multiple PRACH transmissions.
· Option 2: gNB can configure one or multiple values for the number of multiple PRACH transmissions.
· FFS: details
· For multiple PRACH transmissions with same Tx beam, at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt.
· Note: whether to support multiple numbers of PRACH transmissions is separately discussed.

RAN1#112 meeting agreements:
· For multiple PRACH transmissions with same Tx beam, gNB can configure one or multiple values for the number of multiple PRACH transmissions.
· If multiple values are configured, PRACH resources differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported.
· FFS: details
· Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, at least support that multiple PRACH are transmitted on separate ROs.
· Note: Separate RO means that the RO is separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.
· Conclusion
For multiple PRACH transmissions within one RACH attempt, they are only transmitted over ROs associated with the same SSB/CSI-RS.
Note: This applies for multiple PRACH transmissions with same Tx beam, and also applies for multiple PRACH transmissions with different Tx beam (if supported).
· For multiple PRACH transmissions with same Tx beam in one RACH attempt, transmission power ramping is not applied within one RACH attempt.
· For multiple PRACH transmissions with same Tx beam, only one RAR window is supported for RAR monitoring for one RACH attempt.
· FFS: the start position of the RAR window.
· FFS: RA-RNTI.
· For multiple PRACH transmissions with same Tx beam, "RO group" is assumed for multiple PRACH transmissions with separate preamble on shared ROs and/or multiple PRACH transmissions on separate ROs, and one RO group consists of valid RO(s) for a specific number of multiple PRACH transmissions.
· Note 1: All ROs in one RO group is associated with the same SSB(s).
· Note 2: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission.
· Note 3: whether/how to define “RO group” in specification will be discussed separately
· Note 4: Valid RO(s) refers to what is defined in existing specification
· FFS: whether and how to address collision between valid ROs for multiple PRACH transmissions and other existing ROs for legacy single PRACH transmission or other features, e.g., 2-step RACH.
· FFS: the time span of RO group.
· FFS: whether and how ROs can be shared between different RO groups for different number of multiple PRACH transmissions.
· FFS: other details
· Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.


[bookmark: _Toc115582229]For Dynamic switching between DFT-S-OFDM and CP-OFDM
RAN1#110bis-e meeting agreements:
· Dynamic waveform switching enhancement in R18 is only applicable to PUSCH channel.
· To study and if necessary, specify, enhancements to assist the scheduler in determining waveform switching, such as:
· Reporting power headroom related information 
· Other solutions are not precluded


RAN1#111 meeting agreements:
· 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


RAN1#112 meeting agreements:
· Dynamic waveform switching in R18 is not applicable to PUSCH transmissions with a Type 1 configured grant.
· Conclusion
There is no consensus to support “Dynamic waveform switching to PUSCH transmissions with a Type 2 configured grant” in R18.
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