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Introduction 
In this contribution we discuss some views on Rel-18 Further UL Coverage Enhancements. The WID [1] asks RAN2 to handle the first objective below:
	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)


Since this is the first RAN2 meeting on this WI, it is useful to recap the latest relevant agreements by RAN1 [2]:
 
	PRACH enhancements:
Agreement
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.
Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, support that multiple PRACH are transmitted with separate preamble on shared ROs.
· Note: Shared or separate RO/preamble means that the RO/preamble is shared or 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).
Agreement
For multiple PRACH transmissions with same Tx beam in one RACH attempt, transmission power ramping is not applied within one RACH attempt.
Agreement
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.
Agreement
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
Agreement
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams


 And some earlier agreements in [3]
	PRACH enhancements:
Agreement
For multiple PRACH transmissions with same beam, at least support to use same PRACH preamble during the multiple PRACH transmissions in one RACH attempt.
· [bookmark: _Hlk130805330]FFS: whether different preambles can be utilized in different PRACH transmissions during the multiple PRACH transmissions in one RACH attempt.

Agreement
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.

Agreement
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.


Recall that Rel-17 UL coverage enhancements introduced some similar enhancements [4]:
	19 Support for NR coverage enhancements
To improve NR uplink coverage for both FR1 and FR2, the following enhancements on PUSCH, PUCCH and MSG3
PUSCH are supported:
- Enhanced aggregation of multiple slots with TB repetition is supported for both PUSCH transmission with
dynamic and configured grant. In addition, counting based on available slots is supported. The maximum
number of aggregated slots for counting based on available slots and counting based on physical slots are both
32.
- TB processing over multiple slots with and without repetition is supported for both PUSCH transmission with
dynamic grant and configured grant. For a single transmission of TB processing over multiple slots PUSCH, the
TB size is determined based on multiple slots.
- DMRS bundling where the UE maintains phase continuity and power consistency across PUSCH transmissions
or PUCCH repetitions to enable improved channel estimation is supported. Inter-slot frequency hopping with
DMRS bundling is supported.
- Dynamic PUCCH repetition factor indication configured per PUCCH resource is introduced, applicable to all
PUCCH formats.
- Aggregation of multiple slots with TB repetition for MSG3 transmission is supported on both NUL and SUL,
applicable to CBRA with 4-step RA type. If configured, the UE requests MSG3 repetition via separate RACH
resources when the RSRP of DL path-loss reference is lower than a configured threshold. BWP configured with
RACH resources solely for MSG3 repetition is also supported without the need to consider the RSRP of DL
path-loss reference by the UE




Eligibility for PRACH repetition
By inspecting RAN1 agreements, we see that PRACH repetition is considered only for multiple transmissions with same Tx beam. 
Observation 1: PRACH repetition is considered only for multiple transmissions with same Tx beam. 
We also note that in Rel-17 Coverage enhancements work item discussed the eligibility of Msg3 repetition concluding that:
Observation 2: In Rel-17 Msg3 repetition is applicable to all cases that trigger 4-step CBRA, including those in RRC Connected and supported for both NUL and SUL.
Thus, to properly determine the scope of the WI, RAN2 would need to discuss the eligibility of PRACH repetition. 
Proposal 1: It is assumed that PRACH is applicable to CBRA and NUL. RAN2 to discuss PRACH repetition applicability for CFRA and SUL.
Configuration and signalling	
RRC Configuration
RAN2 would have to agree on how and where PRACH repetition configuration happens (e.g., RACH-ConfigCommon and/or RACH-ConfigDedicated). To this effect it is worth noting that RAN1 have some open discussions that would influence the configuration details. 
Observation 3: RAN1 is currently discussing whether PRACH repetition is restricted to shared ROs or whether new complementary ROs would be used for repetition.
Observation 4: RAN1 is currently discussing the preamble design for PRACH repetitions. 
Those details must be considered as RAN2 work out the details of the PRACH repetition configuration and indication of repetition details to the UE. 
Proposal 2: RAN2 to study the configuration of multiple PRACH repetition with the same beam.
Criteria for Triggering PRACH repetition
It is important that RAN2 during this WI specify when a UE is allowed to use PRACH repetition in RACH configuration. RAN1 has already agreed the basic criteria for PRACH repetition.
Observation 5: RAN1 has agreed that at least, SS-RSRP can be used as criteria for triggering PRACH repetition. 
In our view, coverage enhancements can be further improved if other criteria were considered for PRACH repetition such as UE power class. 
Additionally, it is useful to take past PRACH failures into account when deciding on PRACH repetitions, for example, a UE can be configured to modify RSRP threshold for PRACH repetition based on past failure, so in our views, additional criteria need to be discussed in RAN2. 
Proposal 3: RAN2 to discuss additional PRACH repetition criteria such as UE power class and previous PRACH failures. 
Repetition Details
When a UE is allowed to do PRACH repetition, modifications would be needed to ra_ResponseWindow and power ramping, since the UE in legacy single PRACH attempt, starts the ra_ResponseWindow and increases Tx power gradually in future RACH attempts. For power ramping, RAN1 had already agreed that power ramping is not allowed with one RACH attempt, i.e., between repetitions.
Observation 6: RAN1 has agreed for multiple PRACH transmissions with same Tx beam in one RACH attempt, transmission power ramping is not applied within one RACH attempt.
Thus, it remains for RAN2 to decide on ra_ResponseWindow start.
Proposal 4: RAN2 to discuss the start time ra_ResponseWindow when PRACH repetitions is deployed:
	Option 1: ra_ResponseWindow is started after all PRACH transmissions.
	Option 2: ra_ResponseWindow is started after the first PRACH transmission.
In our view, the trade-off would be that Option 1 would be simpler as UE behaves similar to legacy once all PRACH transmissions are done. One drawback of this approach is that UEs with repetitions configured would suffer from some access delay. For example, a UE configured with 8 repetitions would need at least 8x(SSB periodicity=20ms)=160ms of latency to start the ra_ResponseWindow and complete all other RACH steps and RRC signalling to get connected which is somewhat high. To this end, RAN1 is currently discussing some solutions to that problem such as complementary ROs and RO group design. Thus, for now, we can leave it to RAN1 how to address the issue of access delay due to PRACH repetitions. 
Proposal 5: It is up to RAN1 whether complementary repetition ROs are used to avoid large access delay for PRACH repetition. The issue of high access delay can be revisited by RAN2 once RAN1 has concluded those discussions. 
Conclusion
Observation 1: PRACH repetition is considered only for multiple transmissions with same Tx beam.
Observation 2: In Rel-17 Msg3 repetition is applicable to all cases that trigger 4-step CBRA, including those in RRC Connected and supported for both NUL and SUL.
Proposal 1: It is assumed that PRACH is applicable to CBRA and NUL. RAN2 to discuss PRACH repetition applicability for CFRA and SUL.
Observation 3: RAN1 is currently discussing whether PRACH repetition is restricted to shared ROs or whether new complementary ROs would be used for repetition.
Observation 4: RAN1 is currently discussing the preamble design for PRACH repetitions. 
Proposal 2: RAN2 to study the configuration of multiple PRACH repetition with the same beam.
Observation 5: RAN1 has agreed that at least, SS-RSRP can be used as criteria for triggering PRACH repetition. 
Proposal 3: RAN2 to discuss additional PRACH repetition criteria such as UE power class and previous PRACH failures. 
Observation 6: RAN1 has agreed for multiple PRACH transmissions with same Tx beam in one RACH attempt, transmission power ramping is not applied within one RACH attempt.
Proposal 4: RAN2 to discuss the start time ra_ResponseWindow when PRACH repetitions is deployed:
	Option 1: ra_ResponseWindow is started after all PRACH transmissions.
	Option 2: ra_ResponseWindow is started after the first PRACH transmission.
Proposal 5: It is up to RAN1 whether complementary repetition ROs are used to avoid large access delay for PRACH repetition. The issue of high access delay can be revisited by RAN2 once RAN1 has concluded those discussions. 
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