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In the last RAN1 meeting, different aspects of multiple PRACH transmission for coverage enhancement were discussed [1]; the agreements from the meeting are captured below. In this contribution, several other remaining issues for PRACH coverage enhancement are discussed.
	Agreement
A set of RO group(s) for a configured number of multiple PRACH transmissions is determined/configured within a time period X, starting from frame 0. The determined/configured set of RO groups repeats every time period X.
· The time period X is K SSB-to-RO association pattern periods.
· Note: Whether/how to introduce SSB-to-RO group mapping.
· FFS: K is configured by the network or determined based on some rule.
Conclusion
If multiple values for the number of multiple PRACH transmissions are configured, support both options to differentiate between multiple PRACH transmissions with different numbers.
· Option 1: Multiple PRACH transmissions with different numbers are transmitted on separate ROs.
· Option 2: Multiple PRACH transmissions with different numbers are transmitted with separate preamble on shared ROs.
Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated between multiple PRACH transmissions with different numbers.

Agreement
If one or more PRACH transmission(s) of the multiple PRACH transmissions in one PRACH attempt are dropped based on the rules causing to drop PRACH transmission(s) in existing spec., the dropped PRACH transmission(s) is not postponed.
· FFS: whether to introduce new rules causing to drop PRACH transmission.
· FFS: whether there is standard impact if the dropped PRACH transmission affect the remaining PRACH transmission within the same RO group.
Agreement
RA-RNTI is calculated based on the last valid RO in the RO group corresponding to the multiple PRACH transmissions. 
Note 1: Valid RO(s) refers to what is defined in existing specification, i.e., Section 8.1 in TS 38.213.
Note 2: The last valid RO is irrespective of whether the PRACH transmission on the last valid RO in the RO group is dropped or not.

Conclusion
There is no consensus to support Multiple PRACH transmission with different Tx beams in Rel-18.
Agreement (Made in RAN1#111)
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.
Agreement (Made in RAN1#112)
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.
Agreement
For RO group determination for multiple PRACH transmissions, following parameters are considered.
· The candidate number of multiple PRACH transmissions, e.g. {2,4,8}, is/are explicitly configured.
· The number of ROs within one RO group can be implicitly determined accordingly.
· Default value(s) is/are not precluded
· The number of SSB-to-RO association pattern periods K within the time period X, down select from the following options.
· Option 1: K is explicitly configured.
· Option 2: K is implicitly determined
· Option 3: K is a fixed value for all number of multiple PRACH transmissions.
· Determination of starting RO for each RO group for each value of the number of multiple PRACH transmissions, down select from the following options.
· Option 1: Index/indices of the starting RO(s) of the RO group(s) is/are explicitly indicated. 
· FFS: whether other parameters configured by gNB to allow density control and/or RO group(s) position alignment for multiple configured numbers
· FFS: whether only the starting RO of the first RO group is explicitly indicated, and the starting ROs of the other RO groups are implicitly determined.
· FFS: other ROs for each RO group
· Option 2: The time start position and the frequency start position of the first valid RO for each RO group are implicitly determined.
· FFS: other ROs for each RO group
· FFS: whether other parameters configured by gNB to allow density control and/or RO group(s) position alignment for multiple configured numbers
· FFS: The frequency hopping offset, if frequency hopping is supported.
· FFS: RO group specific preamble if multiple PRACH transmissions with different numbers are transmitted with separate preamble on shared ROs
· FFS: Time span of the RO group
· All other legacy parameters for single PRACH transmission can be reused, if applicable.

Agreement
· For multiple PRACH transmissions with separate preamble on shared ROs, reuse legacy SSB to RO mapping rule, and only the ROs mapped to SSBs for single PRACH transmission can be used for multiple PRACH transmissions.
Agreement
For multiple PRACH transmissions on separate ROs, down-select one of the following options:
· Option 1: SSB-to-RO group mapping is introduced.
· Option 2: Reuse legacy SSB to RO mapping rule.




Discussion
Multiple PRACH transmissions
It was agreed in RAN1 #111 to use at least SSB-RSRP thresholds to determine the number of PRACH transmissions at least for the first RACH attempt. Some companies have proposed to consider other parameters, e.g., power headroom, for the determination of the number of PRACH transmissions. The goal of some these proposals is to support maximum transmission power from the first transmission attempt. In our view, the benefit of such schemes is not very clear. Firstly, maximum transmission power may not be available due to limitations such as power class fallback. In addition, using maximum transmission power may cause power imbalance between the signals received from different UEs on the same ROs and gNB receiver performance may be impacted. Therefore, similar to legacy systems, power should be determined based on the measured path loss and the number of repetitions should be determined only by the SSB-RSRP thresholds. 
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Another issue that needs to be decided is how to handle PRACH retransmissions. To this end, the FL brought the proposal captured below for discussion but it could not be discussed due to lack of time. We think that the UE should start the transmission with the power determined using methods similar to the legacy. If random access response is not received, power ramping is applied to the retransmission of multiple PRACH transmissions. When certain conditions hold, e.g., maximum transmit power or the maximum number of transmission attempts is achieved, the number of repetitions are increased.
Proposal 2: 
· For single PRACH transmission, adopt Option 2: the number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition.
· For multiple PRACH transmissions, adopt Option 1 Alt2: The maximum transmission power is not compulsorily applied for the first RACH attempt. Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition, e.g., when the maximum transmission power is reached or the maximum number of attempts for current number of PRACH repetitions is reached.
· Note: the proposals are highlighted in the FL proposal.
	FL proposal in RAN1 #113:
UE determines whether to perform multiple PRACH transmissions for the first RACH attempt based on SSB-RSRP threshold(s). Then,
· If single PRACH transmission is determined for the first RACH attempt based on SSB-RSRP threshold(s), power ramping is applied between RACH attempts. 
· Option 1: The number of PRACH transmission in RACH re-attempts is not increased, regardless of whether the maximum transmission power is reached or not.
· Option 2: The number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition.
· FFS: details. E.g., when the maximum transmission power is reached.
· If multiple PRACH transmissions are determined for the first RACH attempt based on the SSB-RSRP thresholds. 
· Option 1: The maximum transmission power is not compulsorily applied for the first RACH attempt.
· Alt.1: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt.
· Alt.2: Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition. 
· FFS: details. E.g., when the maximum transmission power is reached or the maximum number of attempts for current number of PRACH repetitions is reached.
· Alt.3: The number of multiple PRACH transmissions in RACH re-attempts increases prior to power ramping. 
· FFS: details.
· Option 2: The maximum transmission power is compulsorily applied for the first RACH attempt. 
· Alt.1: The number of multiple PRACH transmissions in RACH re-attempts is the same as that of first RACH attempt. Power ramping is not needed.
· Alt.2: The number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition. Power ramping is not needed. 
· FFS: details. E.g., a smaller power headroom based on an increased power ramping counter, or tolerance zone around the SSB-RSRP threshold(s) is defined to determine whether to increase the number of PRACH transmissions.



RO Group Configuration
There has been important progress for RO group configuration/determination but a few issues still need to be addressed. It was agreed previously that “A set of RO group(s) for a configured number of multiple PRACH transmissions is determined/configured within a time period X, starting from frame 0. The determined/configured set of RO groups repeats every time period X”. The time period X is K SSB-to-RO association pattern periods but it is still open how to determine K. We think the simplest solution is K being configured by the network.
Proposal 3: K is explicitly configured.

Regarding RO group determination, the two options considered were:
· Option 1: Index/indices of the starting RO(s) of the RO group(s) is/are explicitly indicated
· Option 2: The time start position and the frequency start position of the first valid RO for each RO group are implicitly determined
In our view, Option 1 would result in high signaling overhead and gNB scheduler complexity. Option 2, on the other hand, can be used in a straightforward manner once certain rules such as SSB-to-RO mapping are defined. 

Proposal 4: The time start position and the frequency start position of the first valid RO for each RO group are implicitly determined.

For multiple PRACH transmissions on separate ROs, it was agreed to down select one of the following options:
· Option 1: SSB-to-RO group mapping is introduced.
· Option 2: Reuse legacy SSB to RO mapping rule.

Although both of these options would work, Option 1 is more preferable because Option 2 could result in increased latency because the ROs associated to the same SSB may be distributed in time. To overcome this problem, a new mapping rule is needed in which SSBs are mapped to ROs in time first and then frequency. Note that this mapping rule may also be realized as first defining a virtual RO (where a virtual RO is a RO group consisting of ROs consecutive in time) and then applying legacy mapping rules between SSBs and virtual ROs.

Proposal 5: SSB-to-RO group mapping is introduced. 

One of the discussion points has been if new dropping rules are needed. We think no new rules are needed and the gNB may avoid collisions. In addition, we do not see any spec impact if the dropped PRACH transmission affects the remaining PRACH transmission within the same RO group.

Proposal 6: Do not introduce new rules causing to drop PRACH transmission.
· No standard impact if the dropped PRACH transmission affect the remaining PRACH transmission within the same RO group.
Conclusion
In this contribution, we have discussed a few of the remaining issues for PRACH coverage enhancement and proposed the following:
Proposal 1: Only SSB-RSRP thresholds are used to determine the number of multiple PRACH transmissions.
Proposal 2: 
· For single PRACH transmission, adopt Option 2: the number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition.
· For multiple PRACH transmissions, adopt Option 1 Alt2: The maximum transmission power is not compulsorily applied for the first RACH attempt. Power ramping is applied between RACH attempts, the number of multiple PRACH transmissions in RACH re-attempts can be increased based on some condition, e.g., when the maximum transmission power is reached or the maximum number of attempts for current number of PRACH repetitions is reached.
Proposal 3: K is explicitly configured.
Proposal 4: The time start position and the frequency start position of the first valid RO for each RO group are implicitly determined.
Proposal 5: SSB-to-RO group mapping is introduced. 
Proposal 6: Do not introduce new rules causing to drop PRACH transmission.
· No standard impact if the dropped PRACH transmission affect the remaining PRACH transmission within the same RO group.
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