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1	Introduction
In RAN1#113 discussion [1] of PRACH coverage enhancement, following agreements are achieved.
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
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.

In this paper, we discuss and give our views on PRACH coverage enhancement.

2	Discussion
2.1	RO group
Since shared RO between legacy PRACH and enhanced PRACH repetition is agreed, legacy SSB to RO mapping rule has to be supported for multiple PRACH transmissions on separate ROs. For separate ROs, supporting new SSB-to-RO group mapping may increase UE complexity. Even though some benefits could be found for new mapping rule for some configurations, supporting such new mapping rule seems still lack of interesting because on one hand network could properly select its configuration and on the other hand the separate RO for multiple PRACH transmission may also be used by network for other purpose in the future release. Such new mapping rule may be lack of forward compatibility as both legacy mapping rule and new mapping rule has to be enhanced if new mapping rule is introduced. So we propose to support option 2, i.e. Reuse legacy SSB to RO mapping rule.
Proposal 1: For multiple PRACH transmissions on separate ROs, support option 2: Reuse legacy SSB to RO mapping rule.
For RO group determination for multiple PRACH transmissions, a simple and operable procedure should be supported. NR has supported the frequency first and time second RO indexing which can be reused to determine which RO belongs to a RO group. However, since ROs in the RO group are TDM, it should select RO for frequency multiplexed RO once in each time resources.
For selecting RO(s) in a period into a RO group, the selecting ordering of the available PRACH occasions which is not selected for RO group before is 
· First, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions that only select once for this RO group
· Second, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot 
· Third, in increasing order of indexes for PRACH slots
If N RO(s) can be selected, then the N RO(s) makes a RO group, else abandon the selected RO(s), where N is the number of RO(s) in a RO group. Continue to select RO(s) for the next RO group in the period until no RO group can be selected.
Proposal 2: For selecting RO(s) in a period into a RO group, the selecting ordering of the available PRACH occasions which is not selected for RO group before is 
· First, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions that only select once for this RO group
· Second, in increasing order of time resources

The next issue after RO group determination is how to select RO group by a UE. For legacy RO, UE selects the next available PRACH occasion after UE can prepare Msg1 transmission. If RO indexing are consecutive, UE selects them randomly. The motivation to select RO is to finish PRACH transmission as early as possible. So UE should select the next available RO group which has the earliest ending RO (index) after UE can prepare Msg1 transmission. The MAC entity shall select a PRACH occasion randomly with equal probability amongst the RO groups which have the same time of the ending RO in the RO groups or have consecutive RO index of the ending RO in the RO groups.
Proposal 3: UE should select the next available RO group which has the earliest ending RO (index) after UE can prepare Msg1 transmission.
Another issue is about PRACH mask information if CFRA msg1 repetition is supported. Since mask information is defined per RO but the unit of multiple PRACH transmissions is RO group, regarding the mask information, there are three options:
· Option 1: UE ignore the mask/restriction information to select RO group.
· Option 2: UE applies the mask/restriction information to select RO group by selecting one of (e.g. the first) RO in the RO group based on the mask/restriction information.
· Option 3: UE applies the mask/restriction information to select RO group based on the RO group index and the mask/restriction information is indicated per RO group.

Proposal 4: For multiple PRACH transmissions for CFRA, regarding mask/restriction information, select one of the options:
· Option 1: UE ignore the mask/restriction information to select RO group.
· Option 2: UE applies the mask/restriction information to select RO group by selecting one of (e.g. the first) RO in the RO group based on the mask/restriction information.
· Option 3: UE applies the mask/restriction information to select RO group based on the RO group index and the mask/restriction information is indicated per RO group.

2.2	RAR window and RA-RNTI	
When RAR window is longer than 10ms, LSBs of SFN field is used to determine on which RO network responses in the RAR message. For PRACH repetition, the first PRACH repetition and the last repetition may locate at different system frame with different SFN, and the gap between the first PRACH repetition and the last repetition may be larger than a frame if large number of repetition and less RO in a frame is configured by network.
Since the RAR window starting immediately from the end of the last PRACH repetition, LSBs of a SFN determined based on the last PRACH repetition can have a unique and deterministic PRACH occasion. If LSBs of a SFN is determined based on the first PRACH repetition, different RO on different system frame between PRACH repetition and legacy PRACH will map the same LSBs of a SFN when the first PRACH repetition and the last repetition locates at different system frame.
Proposal 5: If RAR window longer than 10ms is supported for PRACH repetition, e.g., for shared spectrum PRACH repetition, UE determines LSBs of a SFN field by using the last PRACH repetition. 

2.3	PRACH repetition power control parameter
Since PRACH repetition request higher resources than no repetition, it’s better to reduce the number of retransmissions, i.e., to be detected by network as soon as possible to reduce the resources’ load. In such way, a lower number of maximum transmission/retransmissions of PRACH repetition and a higher power ramping step of PRACH repetition than the corresponding configurations of no repetition is benefit to achieve the motivation. For shared PRACH occasion between PRACH repetition and PRACH non-repetition, the same target power should be configured and separate/different ramping step and/or maximum transmission could be configured. Because in shared occasion, power difference between repetition and non-repetition would cause higher interference (higher power preamble will cause higher interference to lower power preamble).
In NR TS38.213, 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, 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 PRACH repetition, the same behaviour should be adopted. If part of PRACH attempts is not transmitted, the result is that lower energy is received by the network which is similar to reduced PRACH power transmission. So, whether to notify suspend the power ramping counter should be determined by UE, e.g., based on the ratio of reduced power. However, if all repetition attempts are not transmitted, there is no need to ramp the power in the next time, thus should notify the suspending of the corresponding power ramping counter.
Proposal 6: If UE does not transmit PRACH transmissions or transmits PRACH transmissions with reduced power on any RO in a RO group, Layer 1 may notify higher layers to suspend the corresponding power ramping counter. 

3	Conclusion
In this contribution, we give our views on PRACH coverage enhancement, and propose that:
[bookmark: OLE_LINK5]Proposal 1: For multiple PRACH transmissions on separate ROs, support option 2: Reuse legacy SSB to RO mapping rule.
Proposal 2: For selecting RO(s) in a period into a RO group, the selecting ordering of the available PRACH occasions which is not selected for RO group before is 
· First, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions that only select once for this RO group
· Second, in increasing order of time resources

Proposal 3: UE should select the next available RO group which has the earliest ending RO (index) after UE can prepare Msg1 transmission.
Proposal 4: For multiple PRACH transmissions for CFRA, regarding mask/restriction information, select one of the options:
· Option 1: UE ignore the mask/restriction information to select RO group.
· Option 2: UE applies the mask/restriction information to select RO group by selecting one of (e.g. the first) RO in the RO group based on the mask/restriction information.
· Option 3: UE applies the mask/restriction information to select RO group based on the RO group index and the mask/restriction information is indicated per RO group.
Proposal 5: If RAR window longer than 10ms is supported for PRACH repetition, e.g., for shared spectrum PRACH repetition, UE determines LSBs of a SFN field by using the last RO. 
Proposal 6: If UE does not transmit PRACH transmissions or transmits PRACH transmissions with reduced power on any RO in a RO group, Layer 1 may notify higher layers to suspend the corresponding power ramping counter. 
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