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1 Introduction
In this contribution we discuss user plane aspects of PRACH coverage enhancements.
2 Discussion
2.1 UL carrier selection
RAN2 @121bis Agreements [1]
· RAN2 assumes that MSG1 repetition can be applicable to NUL 
· RAN2 assumes that MSG1 repetition can be applicable to SUL 
In case of legacy random access procedure, upon initiation of RA procedure, UE first selects the UL carrier (NUL or SUL). UE selects NUL or SUL based on RSRP measurement of the cell for which RA procedure is initiated. If the cell is configured with SUL and if the RSRP of the downlink pathloss reference is less than rsrp-ThresholdSSB-SUL, UE selects the SUL carrier for performing RA procedure. Otherwise, UE selects the NUL carrier for performing RA procedure.  Note that the parameter rsrp-ThresholdSSB-SUL is common for all RACH configurations and BWPs of the cell.
UL coverage can be extended using multiple PRACH transmissions, so a different threshold (smaller than one used for legacy random access procedure) for SUL carrier selection can be considered for UL carrier selection.  New threshold rsrp-ThresholdSSB-SUL-PRACHRepetitons can be configured in addition to rsrp-ThresholdSSB-SUL. 

If the cell is configured with SUL and random access configuration for PRACH repetitions is configured for BWP of NUL and RSRP of the downlink pathloss reference is less than rsrp-ThresholdSSB-SUL-PRACHRepetitons:

· UE select SUL carrier

If the cell is configured with SUL and random access configuration for PRACH repetitions is not configured for BWP of NUL and RSRP of the downlink pathloss reference is less than rsrp-ThresholdSSB-SUL:
· UE select SUL carrier

If the cell is configured with SUL and random access configuration for PRACH repetitions is configured for BWP of NUL and RSRP of the downlink pathloss reference is >= rsrp-ThresholdSSB-SUL-PRACHRepetitons:

· UE select NUL carrier

If the cell is configured with SUL and random access configuration for PRACH repetitions is not configured for BWP of NUL and RSRP of the downlink pathloss reference is >= rsrp-ThresholdSSB-SUL:
· UE select NUL carrier

Note that the BWP is the active UL BWP if PRACH occasions are configured for active UL BWP or is the initial UL BWP if PRACH occasions are not configured for the active UL BWP.

Proposal1a: For UL carrier selection, rsrp-ThresholdSSB-SUL-PRACHRepetitons is configured in addition to rsrp-ThresholdSSB-SUL.
Proposal 1b : If the cell is configured with SUL and random access configuration for PRACH repetitions is configured for BWP of NUL and RSRP of the downlink pathloss reference is less than rsrp-ThresholdSSB-SUL-PRACHRepetitons: UE select SUL carrier

If the cell is configured with SUL and random access configuration for PRACH repetitions is not configured for BWP of NUL and RSRP of the downlink pathloss reference is less than rsrp-ThresholdSSB-SUL: UE select SUL carrier
If the cell is configured with SUL and random access configuration for PRACH repetitions is configured for BWP of NUL and RSRP of the downlink pathloss reference is >= rsrp-ThresholdSSB-SUL-PRACHRepetitons: UE select NUL carrier

If the cell is configured with SUL and random access configuration for PRACH repetitions is not configured for BWP of NUL and RSRP of the downlink pathloss reference is >= rsrp-ThresholdSSB-SUL: UE select NUL carrier.
2.2 RA resource configuration selection

In the UL BWP selected for random access, UE may be configured with both legacy (i.e. for single PRACH transmission in a RACH attempt) 4 step RA resource configuration without Msg3 repetitions and 4 step RA resource configuration for multiple PRACH transmissions within a RACH attempt. In this case, mechanism is needed to determine which RA resource configuration is used by UE. If UE is in a poor coverage, its natural to consider that UE select 4 step RA resource configuration for multiple PRACH transmissions within a RACH attempt. 
Proposal 2: If the RSRP of the downlink pathloss reference is less than a threshold (configurable), UE prioritizes selection of RA resource configuration for multiple PRACH transmissions within a RACH attempt over RA resource configuration for single PRACH transmission in a RACH attempt without Msg3 repetitions.
In the selected BWP, UE may be configured with both legacy 4 step random access configuration (i.e. for single PRACH transmission in a RACH attempt) with Msg3 repetitions and 4 step random access configuration for multiple PRACH transmissions within a RACH attempt. If network supports both Msg3 repetitions and multiple PRACH transmissions, we need to first discuss whether such separate configurations within the same BWP is allowed or should network configure a single random access configuration with both multiple PRACH transmissions and repetitions or should network configure only one of them. Configuring separate configurations of legacy 4 step random access configuration (i.e. for single PRACH transmission in a RACH attempt) with Msg3 repetitions and 4 step random access configuration for multiple PRACH transmissions within a RACH attempt, in a BWP means that some rule (e.g. a new RSRP threshold or featurePriorities) would be needed for UE to select between these two. Simple approach would be to allow only a single random access configuration with both multiple PRACH transmissions and repetitions. UE can select between this configuration and configuration without any coverage enhancements based on RSRP threshold.
Proposal 3: For the case network supports both Msg3 repetitions and multiple PRACH transmissions, RAN2 to discuss whether network can configure within the same BWP, both a) legacy 4 step RA resources (i.e. for single PRACH transmission in a RACH attempt) with Msg3 repetitions and b) 4 step RA resources for multiple PRACH transmissions within a RACH attempt or should network configure a single random access configuration with both multiple PRACH transmissions and msg3 repetitions or should network configure only one of them.
Separate rsrp-ThresholdPRACHRepetitons can be configured for different number of Msg1 repetitions. BWP selected for random access may be configured with set of random access resources for 0/2/4/8 Msg1 repetitions. The repetition criteria can be met for several repetitions concurrently. UE can follow the following order to decide which set of random access resources is applicable to the random access procedure.

If set of random access resources for 8 Msg1 repetitions is configured in BWP selected for RA procedure and if RSRP of the downlink pathloss reference < rsrp-ThresholdPRACHRepetitons for 8 Msg1 repetitions; or If BWP selected for random access procedure is configured only with set of random access resources for 8 Msg1 repetitions:

·  UE considers that RA resource configuration for multiple PRACH transmissions with 8 msg1 repetitions is applicable for this random access procedure
Else If set of random access resources for 4 Msg1 repetitions is configured in BWP selected for RA procedure and if RSRP of the downlink pathloss reference < rsrp-ThresholdPRACHRepetitons for 4 Msg1 repetitions; or If BWP selected for random access procedure is configured only with set of random access resources for 4 Msg1 repetitions:
· UE considers that RA resource configuration for multiple PRACH transmissions with 4 msg1 repetitions is applicable for this random access procedure
Else If set of random access resources for 2 Msg1 repetitions is configured in BWP selected for RA procedure and if RSRP of the downlink pathloss reference < rsrp-ThresholdPRACHRepetitons for 2 Msg1 repetitions; or If BWP selected for random access procedure is configured only with set of random access resources for 2 Msg1 repetitions:
· UE considers that RA resource configuration for multiple PRACH transmissions with 2 msg1 repetitions is applicable for this random access procedure
Else
· UE considers that set of random access resources without any Msg1 repetitions is applicable for this random access procedure.
Proposal 4a: Separate rsrp-ThresholdPRACHRepetitons are configured for different number of Msg1 repetitions.
Proposal 4b: UE determines the applicability of specific number (02/4/8) of Msg1 repetitions as follows:

If set of random access resources for 8 Msg1 repetitions is configured in BWP selected for RA procedure and if RSRP of the downlink pathloss reference < rsrp-ThresholdPRACHRepetitons for 8 Msg1 repetitions; or If BWP selected for random access procedure is configured only with set of random access resources for 8 Msg1 repetitions:

·  UE considers that RA resource configuration for multiple PRACH transmissions with 8 msg1 repetitions is applicable for this random access procedure

Else If set of random access resources for 4 Msg1 repetitions is configured in BWP selected for RA procedure and if RSRP of the downlink pathloss reference < rsrp-ThresholdPRACHRepetitons for 4 Msg1 repetitions; or If BWP selected for random access procedure is configured only with set of random access resources for 4 Msg1 repetitions:
· UE considers that RA resource configuration for multiple PRACH transmissions with 4 msg1 repetitions is applicable for this random access procedure
Else If set of random access resources for 2 Msg1 repetitions is configured in BWP selected for RA procedure and if RSRP of the downlink pathloss reference < rsrp-ThresholdPRACHRepetitons for 2 Msg1 repetitions; or If BWP selected for random access procedure is configured only with set of random access resources for 2 Msg1 repetitions:
· UE considers that RA resource configuration for multiple PRACH transmissions with 2 msg1 repetitions is applicable for this random access procedure
Else
· UE considers that set of random access resources without any Msg1 repetitions is applicable for this random access procedure.
2.3 RA resource selection during RA attempt

RAN1 has agreed that, for multiple PRACH transmissions within one RACH attempt, they are only transmitted over ROs associated with the same SSB/CSI-RS. This means that its sufficient to select only one SSB for each RA attempt. SSB can be selected in same manner as in legacy. No enhancements are needed. Since all ROs are associated with same SSB, its sufficient to select one RA preamble. UE needs to select multiple ROs as per the configuration.
Proposal 5: For RACH attempt with multiple PRACH transmissions, UE select only one SSB as in legacy.
Proposal 6: For RACH attempt with multiple PRACH transmissions, UE select only RA preamble corresponding to selected SSB as in legacy.
Proposal 7: For RACH attempt with multiple PRACH transmissions, UE select multiple consecutive ROs (amongst the valid ROs) corresponding to selected SSB.
2.4  CFRA - 4step with Msg1 repetitions
RAN2 @121bis Agreements [1]

· CFRA support is FFS
Based on RAN1 agreement, its not clear whether PRACH coverage enhancements techniques are applied for 4 step CFRA or not. In R17, coverage enhancements (i.e. msg3 repetitions) are not applied for CFRA as there is not Msg3 transmission during the CFRA. PRACH coverage enhancements can be useful for CFRA (e.g. during reconfiguration with sync and PDCCH order).
Proposal 8: For PDCCH order triggered 4 step CFRA, Msg1 repetitions is supported.

For PDCCH ordered CFRA, number (0/2/4/8) of Msg1 repeptions can be indicated in PDCCH order. UE select the set of random access resources (i.e. rachConfigCommon) corresponding to indicated number of Msg1 repetitions.
Proposal 9: For PDCCH ordered CFRA, number (0/2/4/8) of Msg1 repeptions can be indicated in PDCCH order. UE select the set of random access resources (i.e. rachConfigCommon) corresponding to indicated number of Msg1 repetitions.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposal:
Proposal1a: For UL carrier selection, rsrp-ThresholdSSB-SUL-PRACHRepetitons is configured in addition to rsrp-ThresholdSSB-SUL.

Proposal 1b : If the cell is configured with SUL and random access configuration for PRACH repetitions is configured for BWP of NUL and RSRP of the downlink pathloss reference is less than rsrp-ThresholdSSB-SUL-PRACHRepetitons: UE select SUL carrier

If the cell is configured with SUL and random access configuration for PRACH repetitions is not configured for BWP of NUL and RSRP of the downlink pathloss reference is less than rsrp-ThresholdSSB-SUL: UE select SUL carrier
If the cell is configured with SUL and random access configuration for PRACH repetitions is configured for BWP of NUL and RSRP of the downlink pathloss reference is >= rsrp-ThresholdSSB-SUL-PRACHRepetitons: UE select NUL carrier

If the cell is configured with SUL and random access configuration for PRACH repetitions is not configured for BWP of NUL and RSRP of the downlink pathloss reference is >= rsrp-ThresholdSSB-SUL: UE select NUL carrier.
Proposal 2: If the RSRP of the downlink pathloss reference is less than a threshold (configurable), UE prioritizes selection of RA resource configuration for multiple PRACH transmissions within a RACH attempt over RA resource configuration for single PRACH transmission in a RACH attempt without Msg3 repetitions.

Proposal 3: For the case network supports both Msg3 repetitions and multiple PRACH transmissions, RAN2 to discuss whether network can configure within the same BWP, both a) legacy 4 step RA resources (i.e. for single PRACH transmission in a RACH attempt) with Msg3 repetitions and b) 4 step RA resources for multiple PRACH transmissions within a RACH attempt or should network configure a single random access configuration with both multiple PRACH transmissions and msg3 repetitions or should network configure only one of them.

Proposal 4a: Separate rsrp-ThresholdPRACHRepetitons are configured for different number of Msg1 repetitions.

Proposal 4b: UE determines the applicability of specific number (02/4/8) of Msg1 repetitions as follows:

If set of random access resources for 8 Msg1 repetitions is configured in BWP selected for RA procedure and if RSRP of the downlink pathloss reference < rsrp-ThresholdPRACHRepetitons for 8 Msg1 repetitions; or If BWP selected for random access procedure is configured only with set of random access resources for 8 Msg1 repetitions:

·  UE considers that RA resource configuration for multiple PRACH transmissions with 8 msg1 repetitions is applicable for this random access procedure

Else If set of random access resources for 4 Msg1 repetitions is configured in BWP selected for RA procedure and if RSRP of the downlink pathloss reference < rsrp-ThresholdPRACHRepetitons for 4 Msg1 repetitions; or If BWP selected for random access procedure is configured only with set of random access resources for 4 Msg1 repetitions:
· UE considers that RA resource configuration for multiple PRACH transmissions with 4 msg1 repetitions is applicable for this random access procedure
Else If set of random access resources for 2 Msg1 repetitions is configured in BWP selected for RA procedure and if RSRP of the downlink pathloss reference < rsrp-ThresholdPRACHRepetitons for 2 Msg1 repetitions; or If BWP selected for random access procedure is configured only with set of random access resources for 2 Msg1 repetitions:
· UE considers that RA resource configuration for multiple PRACH transmissions with 2 msg1 repetitions is applicable for this random access procedure
Else
· UE considers that set of random access resources without any Msg1 repetitions is applicable for this random access procedure.
Proposal 5: For RACH attempt with multiple PRACH transmissions, UE select only one SSB as in legacy.
Proposal 6: For RACH attempt with multiple PRACH transmissions, UE select only RA preamble corresponding to selected SSB as in legacy.
Proposal 7: For RACH attempt with multiple PRACH transmissions, UE select multiple consecutive ROs (amongst the valid ROs) corresponding to selected SSB.
Proposal 8: For PDCCH order triggered 4 step CFRA, Msg1 repetitions is supported.

Proposal 9: For PDCCH ordered CFRA, number (0/2/4/8) of Msg1 repeptions can be indicated in PDCCH order. UE select the set of random access resources (i.e. rachConfigCommon) corresponding to indicated number of Msg1 repetitions.
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