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[bookmark: _Ref67694016][bookmark: _Toc67700556]Introduction
[bookmark: _Hlk510705081]In RAN #96e a revised new work item description was approved on further NR coverage enhancements [1]. Three main objectives characterized the work item:
	The objective of this work item is to specify further uplink coverage enhancements for PRACH, power domain and DFT-S-OFDM. 
The detailed objectives of the work item are as follows:
· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.
·  Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)
·  Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)



After the completion of the Rel-18 work item, this contribution discusses remaining issues on further NR coverage enhancements, with focus on PRACH coverage enhancements and dynamic waveform switching.
PRACH coverage enhancements
On the use of the PRACH mask in case of PRACH transmission with preamble repetitions
Following a discussion occurred during RAN2 #125-bis, RAN2 wrote an LS to RAN1, i.e., R2-2403915 (R1-2403826), by means of which RAN2 inform RAN1 of an agreement stipulating that PRACH mask configuration is not supported for MSG1 based repetition in Rel-18. RAN2 also informed RAN1 that the related RAN2 spec descriptions will be updated to capture the above agreement.

Following this agreement, reviewing RAN1 specification as per Clause 8.1 or TS 38.213 seems to be in order. 
[bookmark: _Toc67700564]RAN1 impact following RAN2 agreement
Section 8.1 of TS 38.213 (v18.2.0) stipulates the following concerning the use of the PRACH mask for a PRACH transmission triggered by higher layers:
	For a PRACH transmission triggered by higher layers, if ssb-ResourceList is provided, the PRACH mask index is indicated by ra-ssb-OccasionMaskIndex which indicates the PRACH occasions for the PRACH transmission where the PRACH occasions are associated with the selected SS/PBCH block index.
The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per SS/PBCH block index. The UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle.


As can be seen, PRACH transmission with preamble repetition are not excluded by current specification. However, the IE ra-ssb-OccasionMaskIndex is configured in the CFRA IE, which could apply to PRACH transmission irrespective of whether it is with or without preamble repetitions. Therefore, a UE configured with ra-ssb-OccasionMaskIndex would need to be aware that this IE does not apply in case the UE transmits PRACH with preamble repetitions in the context of CFRA. An update of the RAN1 specification seems then necessary to reflect what was agreed in RAN2.
Observation 1. An update to Clause 8.1 of TS 38.213 seems necessary to reflect the RAN2 agreement concerning PRACH mask and PRACH repetitions.
In this context, the problem can be easily addressed by adding an exception to the PRACH occasion selection performed by the UE in case of PRACH mask configuration, given that the latter could still be configured in the CFRA IE, since it could be used by the UE for performing PRACH without preamble repetitions.
The following TP is proposed and submitted in [2] as individual draft CR, to capture the impact of RAN2 agreement concerning PRACH mask and PRACH repetitions in Clause 8.1 of TS 38.213, where the following header would apply.
	Reasons for change: To reflect RAN2 agreement that PRACH mask configuration is not supported for MSG1 repetition in Rel-18, as per R2-2403915 (R1-2403826).
Summary of change: Exclude the use of a configured PRACH mask in case of PRACH transmission with preamble repetitions.
Consequences if not approved: Unclear UE behaviour due to possible ambiguities stemming from a PRACH mask configuration when UE performs CFRA via PRACH transmission with preamble repetitions.



Proposal 1. Endorse the following TP, to add an exception to the PRACH occasion selection performed by the UE in case of PRACH mask configuration, given that the latter could still be configured in the CFRA IE, since it could be used by the UE for performing PRACH without preamble repetitions.
	[bookmark: _Hlk166253253]8.1 Random access preamble
*** Unchanged parts are omitted ***
For a PRACH transmission triggered by higher layers, if ssb-ResourceList is provided, the PRACH mask index is indicated by ra-ssb-OccasionMaskIndex which indicates the PRACH occasions for the PRACH transmission where the PRACH occasions are associated with the selected SS/PBCH block index.
The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per SS/PBCH block index. For a PRACH transmission other than a PRACH transmission with preamble repetitions, Tthe UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle.
*** Unchanged parts are omitted ***


Conclusion
[bookmark: _Toc67700565]In this contribution we have discussed remaining issues of PRACH enhancements in Rel-18. The following observation was made:
Observation 1. An update to Clause 8.1 of TS 38.213 seems necessary to reflect the RAN2 agreement concerning PRACH mask and PRACH repetitions.
The following proposal was made:
Proposal 1. Endorse the following TP, to add an exception to the PRACH occasion selection performed by the UE in case of PRACH mask configuration, given that the latter could still be configured in the CFRA IE, since it could be used by the UE for performing PRACH without preamble repetitions.
	8.1 Random access preamble
*** Unchanged parts are omitted ***
For a PRACH transmission triggered by higher layers, if ssb-ResourceList is provided, the PRACH mask index is indicated by ra-ssb-OccasionMaskIndex which indicates the PRACH occasions for the PRACH transmission where the PRACH occasions are associated with the selected SS/PBCH block index.
The PRACH occasions are mapped consecutively per corresponding SS/PBCH block index. The indexing of the PRACH occasion indicated by the mask index value is reset per mapping cycle of consecutive PRACH occasions per SS/PBCH block index. For a PRACH transmission other than a PRACH transmission with preamble repetitions, Tthe UE selects for a PRACH transmission the PRACH occasion indicated by PRACH mask index value for the indicated SS/PBCH block index in the first available mapping cycle.
*** Unchanged parts are omitted ***
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