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Introduction
A new Rel-18 WI on further coverage enhancement [1] was approved in RAN#94e. one of the objectivce of this WI is to improve PRACH coverage.
· 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.
After RAN1#115 meeting, the following issues are left on PRACH coverage enhancements [2].
Agreement
For multiple PRACH transmissions, down-select one of the following options at RAN1#116:
Option 1:
· Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasions are dropped or with reduced transmit power.
· Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission in any of PRACH occasions are dropped or with reduced transmit power.
Option 1a:
· Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasions are dropped.
· Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission on part of PRACH occasions are dropped or when PRACH transmission in any of PRACH occasions is with reduced transmit power.
Option 2:
· Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission in at least one PRACH occasion is dropped or with reduced transmit power.
Note: this implies it’s up to UE implementation.
Option 2a:
· Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission in at least one PRACH occasion is with reduced transmit power.
· Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in at least one PRACH occasion is dropped.
Option 3:
· Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasions are dropped.
· Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasions are with reduced transmit power.
Note: whether any of the above options have specification impact is a separate discussion.


Agreement
For multiple PRACH transmissions with indication of PRACH mask index, down-select one of the following options at RAN1#116
· Option 1: UE applies PRACH mask prior to RO group determination. RO group is determined based on the ROs indicated by the PRACH mask index.
· Option 2: UE applies PRACH mask after RO group determination. UE transmits PRACH with preamble repetitions only on a RO group with all the ROs indicated by the mask.
· Option 3: UE applies PRACH mask after RO group determination. UE transmits PRACH with preamble repetitions only on a RO group where at least one the first RO of this RO group is indicated by the mask
· Option 4: UE applies PRACH mask after RO group determination. The PRACH mask index indicates one or multiple RO groups for multiple PRACH transmission.
· Note: this implies the PRACH mask index indicates the RO group index(es) instead of RO index(es). 
In this contribution, we discuss the remaining aspects of PRACH coverage enhancement and give our proposals.
Discussion 
For the power ramping counter, the single PRACH transmission may be dropped or with the reduced transmission power according to the collision rules defined in the current specifications. 
	If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in clause 7.5, or due to power allocation in EN-DC or NE-DC or NR-DC operation, or due to slot format determination as described in clause 11.1, or due to the PUSCH/PUCCH/PRACH/SRS transmission occasions are in the same slot or the gap between a PRACH transmission and PUSCH/PUCCH/SRS transmission is small as described in clause 8.1, or due to DAPS operation as described in clause 15, or due to HD-UE operation in paired spectrum as described in clause 17.2, the UE does not transmit a PRACH in a transmission occasion, Layer 1 notifies higher layers to suspend the corresponding power ramping counter. If due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in clause 7.5, or due to power allocation in EN-DC or NE-DC or NR-DC operation, the UE transmits a PRACH with reduced power in a transmission occasion, Layer 1 may notify higher layers to suspend the corresponding power ramping counter.


For multiple PRACH transmissions with the same Tx beam, server options were discussed in the last RAN1 meeting. The PRACH transmission dropping and PRACH transmission with reduced power can be discussed separately.
· PRACH transmission dropping
In the case of parallel UL transmissions, PRACH transmission may not always have a high priority, some of PRACH transmissions could be dropped during the multiple PRACH transmissions. If the preambles are not correctly decoded, the transmission power ramping could help to increase the PRACH detection probability in the next RACH attempt. With this intention, the power ramping counter is suspended only if all the PRACH transmissions are dropped.
· PRACH transmission with reduced power
Similar to the PRACH transmission dropping case, if UE still has the power headroom, then power ramping in the next RACH attempt is beneficial for preamble decoding. All the PRACH transmissions with reduced power is the rare case, it’s not clear whether the current transmission power for multiple PRACH transmissions is enough, so the power ramping counter can be suspended; otherwise, it’s up to UE to determine whether the power ramping counter is suspended or not.
With the above analysis, Option 1 is preferable that UE could transmit the PRACH repetitions in the next RACH attempt with the higher power.  
Proposal 1: For power ramping notification with multiple PRACH transmissions, Option 1 is adopted, i.e.,
· Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasions are dropped or with reduced transmit power.
· Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission in any of PRACH occasions are dropped or with reduced transmit power.
Another open issue for PRACH repetition is how to support CFRA in RAN1. According to RAN2 agreements, the msg1 repetition for CFRA is only supported for the handover case. 
	Agreements in RAN2#122
1) RAN2 intends to support CFRA for msg1 repetition for ReconfigurationWithSync case, FFS for other cases. 

Agreements in RAN2#123
=> CFRA with Msg1 repetition for BFR and with PDCCH order are not supported (can be revisited if there is consensus to support this)


In the legacy release, the PRACH mask index may be configured to UE for CFRA, the UE will transmit a single preamble in the indicated RO in the mapping cycle. Now considering the multiple PRACH transmissions, it needs to clarify whether and how to apply the PRACH mask index for the PRACH repetitions. If the PRACH mask is supported, the association between the PRACH mask index and RO groups should be specified, the possible specification impacts include updating the PRACH mask concept to support PRACH repetitions or updating RO group determination for the mask index.  
An example of RO indexing for CFRA is shown in Figure 1 according to the current specification. Three SSBs are configured, and four ROs are associated with each SSB. The PRACH repetition number is two, i.e. one RO group includes two ROs. 
For Option 1, it applies the PRACH mask first, then determines the RO group. As shown in Figure 1, if the PRACH mask is RO index 3, then RO 3 will be the starting RO of a RO Group, this will change the RO grouping for supporting the PRACH mask, and the standard and implementation impacts could be the concerns.
For Option 2, the RO group is with all the Ros indicated by the PRACH mask. This option is suitable for the FDM ROs but without consecutive time domain ROs. Otherwise, it could not find the RO group with the PRACH index, e.g., in the example in Figure 1.
For Option 3, it could identify the RO groups according to the PRACH index, but it will find several satisfied RO groups at the same time. Such as PRACH index is 3, the first and third RO groups will be covered by Option 3 as shown in Figure 1.
For Option 4, the PRACH mask index indicates the RO group directly instead of the RO index. With this option, some standard updates are needed, but it provides the flexibility to only indicate a single RO group compared with Option 3.

[image: ]
Figure 1: example of RO grouping with PRACH index

Proposal 2: For multiple PRACH transmissions with indication of the PRACH mask index, Option 4 is adopted, i.e., UE applies the PRACH mask after RO group determination. The PRACH mask index indicates one or multiple RO groups for multiple PRACH transmissions.
Summary
In this contribution, we discuss the remaining issues of PRACH coverage enhancement and have the following proposals:
Proposal 1: For power ramping notification with multiple PRACH transmissions, Option 1 is adopted, i.e.,
· Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasions are dropped or with reduced transmit power.
· Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission in any of PRACH occasions are dropped or with reduced transmit power.
Proposal 2: For multiple PRACH transmissions with indication of the PRACH mask index, Option 4 is adopted, i.e., UE applies the PRACH mask after RO group determination. The PRACH mask index indicates one or multiple RO groups for multiple PRACH transmissions.
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