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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In the previous meeting, many discussions clarified Rel-18 multiple PRACH transmissions. There are still some FFS in some agreements and we address our view for remaining issues.
	· 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.



2. Discussion
2.1. RO group design
	Agreement (112b)
· Multiple PRACH transmissions within one RACH attempt are only performed within one RO group.
· The number of valid ROs in the RO group is equal to one of the configured number(s) of multiple PRACH transmissions.
· Note 1: If only one value is configured for multiple PRACH transmissions, then the number of valid ROs in the RO group is equal to this value.
· Note 2: If multiple values are configured for multiple PRACH transmissions, for each value, the number of valid ROs in the RO group is equal to the corresponding number of multiple PRACH transmissions.
· Note 3: Valid RO(s) refers to what is defined in existing specification.

[bookmark: _Hlk142553168]Agreement (113)
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 (113)
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


During the last discussions, we observe that the concept of an RO group may imply per repetition factor and might apply for all repetition factors. To be clear, we observe that an RO group is a set of ROs for cell perspective and per repetition factors. For example, an RO group of 4 ROs and an RO group of 2 ROs can both be configured by SIB and a UE can choose one RO group of the size depending on SSB RSRP. 
Observation 1: RO groups are determined per repetition factor and are cell specific.
The system information may include a set of thresholds according to target coverage levels, and UEs can choose one value. In our understanding, each repetition factor may have a RO group. The gNB can allocate multiple RO groups in the BWP. One more discussion can focus on whether their RO groups have intersections, i.e., whether a RO can participate two or more RO groups.
Before being RRC connected, the gNB does not know UE’s capability, thus we propose that a UE can determine whether the same Tx beam is applied. In the perspective of RO consumptions, fully shared RO groups can also be considered to reduce resource overhead.
The nested structure can be considered, in this case the starting RO offset may or may not be indicated to UEs. In some sense, the purpose of indicating RO groups for distinct repetition factor can be realized by a few different means. The allowed RO offset or RO group per repetition factor would serve to the same purpose. We think that RO offset can be used to identify the proper RO group if fully overlapped RO groups are configured.
[bookmark: _Ref127447838]Proposal 1: Fully overlapped RO groups for different repetition factors can be configured.
The ROs consisting of RO groups may or may not be shared however, within an RO group, all ROs are shared or none are shared between different number of repetitions. In the previous meetings, we agreed some ROs in the latter part of an association period would not be used for any RO group, and we think that the nested structure for RO groups between different repetition factors should be further discussed.
In some sense, it is closely related to determine the period X, where determining K is not agreed yet. The third option was introduced in the last meeting, and it describes the fixed K for all repetition factors. It can be beneficial to maintain the nested structure, in addition to the first option. 
However, in the case of second option deriving implicitly K, the current principle can be generalized to the RO group. This seems to have less specification impact, and we prefer this option at least if nested structure is not applied.
[bookmark: _Ref142574661]Proposal 2: If nested RO groups are introduced, then the configured K can be applied for all configured repetition factors (option 1), and otherwise if only one repetition factor is configured the K is implicitly obtained (option 2).

The remaining issue may include the orphan ROs in the latter part of the SSB-to-RO association pattern period. The RO groups can always be nested for all repetition factors or some RO groups may not be nested for some repetition factors. We are open to discuss both options, provided that option 1 is adopted. In our understanding, there are two alternatives, whether to use the orphan RO groups by some repetition factors.
· Alt 1: Some RO groups that are not associated with some repetition factors are not used/applicable.
· Alt 2: Some RO groups that are not associated with some repetition factors are used/applicable.
The Alt 1 may lose ROs while preserving nested structure, and the Alt 2 may reduce the latency for Msg1 transmissions. Thus, the Alt 1 is preferred in the performance perspective. However, we also think that the fair distribution of RO groups for all SSBs, in this case the Alt 2 is preferred.
[bookmark: _Ref142574665]Proposal 3: Determine one alternative of the above: Last RO groups in the period X may be either maximally used or not used at all, for each repetition factor, provided that one K is applied for all repetition factors.

Regarding resources for each RO group, we would prefer implicit derivation (option 2). The largest repetition factor in the cell may determine the set of ROs for RO groups and the nested structure are applied to find resources for less repetition factor(s). Otherwise, for example each repetition factor may independently associates own set of ROs, and this result to unbalanced distribution of RO groups in the cell perspective.
[bookmark: _Ref142574667]Proposal 4: Sets of ROs for different repetition factor are dependently derived implicitly.
In this way, the preamble partition for each repetition factor are naturally derived because the nested structure 
[bookmark: _Ref142574671]Proposal 5: Feature priority value for PRACH preamble set may be configured to a common value for all repetition factors.

Regarding freq hopping offset, we do not see much benefit with hopping because the set of ROs should be distributed across UL BWP. This means that ROs are spread throughout both time and freq domain and this leads to fragmented spectrum.

	Agreement (113)
· 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 (113)
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 the last meeting, discussions of introducing a new mapping rule were made, and for shared ROs it is agreed to reuse the legacy rule. There are still alternatives for separate ROs. In our view, a new mapping rule is not necessary for separate ROs because the serving cell may configure adequate parameters, e.g., nFDM as one. Separate ROs would imply reusing the legacy rule (option 2)
[bookmark: _Ref142574674]Proposal 6: For multiple PRACH transmissions on separate ROs, reuse legacy SSB to RO mapping rule.

2.2. Tx power determination
	From the final feature lead summary R1-2304234
· Case 1: 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.
· Case 2: 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.
· 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.


We quote from the collected views in the final FL summary. We would prefer Case 2, because the first RACH attempt should also be meaningful. If Case 1 is considered, then the UE begins PRACH repetition after the single PRACH transmission fails to receive RAR. In our understanding, multiple RSRP thresholds are agreed and one repetition factor is chosen by the UE whereas the transmission power of each PRACH instance is not affected by those thresholds.
Between options in Case 2, we would prefer Option 1 Alt 2. In our view, the philosophy is to multiple PRACH transmissions being treated as one transmission, and any re-attempt means some power ramping can be applied. If maximum power is reached, then repetition factor can be increased at the next RACH re-attempt. In turn, the UE need to derive the transmission power of each PRACH instance.
[bookmark: _Ref134708994]Proposal 7: Repetition factor is increased when power ramping is not applicable.
The legacy procedure to derive PRACH Tx power is to compensate the path loss, and can be increased if the proper RAR is not received. The transmission power can be determined by the chosen repetition factor. This is because the legacy formulae is based on one shot transmission. 
We think that repetition factor and transmission power are jointly obtained, and we have to decide which one is fixed to derive the other one. Possibly, we have a few approaches to determine the repetition factor.
In one apporach, we can minimize the repetition factor by assmung the maximum transmission power at the UE () . In other approach, a set of thresholds determines some intervals and SSB based RSRP falls in one interval which would be chosen. 
Once the repetition factor is chosen, less repetition factor does not achieve the target SINR even the UE allocates the maximum power level (). Then, the minimum repetition factor is determined among 2,4,8. With the chosen repetition factor, the transmission power level is calculated. In our view, it is better to reduce the transmission power and the transmission power formulae can be modified to represent the repetition factor.
Another discussion can be made to derive the proper ramping step because the legacy step assumes for one shot transmission. Following the same principle, the repetition factor affects the step size.
We would propose the transmission power should be affected by the repetition factor. The gNB can accumulate the signal from RO groups, and the repetition factor can reduce the transmission power. Since the inter-cell interference can be large, the gNB can control trade-off between the latency and the power level. For example, the UE can determine the power by dividing the chosen repetition factor if some conditions apply. In this aspect, we would suggest the repetition factor appears to 
[bookmark: _Ref131771438]Proposal 8: The transmission power level and ramping step size can be affected by the repetition factor.

2.3. Support of CFRA
In the previous meeting, the discussion of multiple PRACH transmissions was limited to the scope of contention based RA procedure (CBRA), but it could be generalized to contention free RA procedure (CFRA). The CFRA has been used for link recovery and handover and TA management, etc, and in our view, the coverage extension for the CFRA is also useful as well as 4-step CBRA. Furthermore, the specification tools for CBRA can be applied to the CFRA, and can be introduced in the Rel-18.
[bookmark: _Ref142574684]Proposal 9: Contention free random access also supports multiple PRACH transmissions.
The PRACH Tx beam can be determined by either SSB or CSI-RS. Measuring RSRP can also be based on SSB or CSI-RS. We would propose that CSI-RS based RSRP can determine the repetition factor.
[bookmark: _Ref142574686]Proposal 10: CSI-RS based RSRP in addition to SSB based RSRP can be used for determining repetition factor if CFRA is supported.
The discussion would include the interpretation of a PRACH mask index. The mask index can be used for RO load balancing using a limited number of reserved preamble index for CFRA purposes. In our understanding, the gNB can estimate the load for potential random access and the PRACH mask index should be interpreted per repetition factor. 
In this case, the repetition factor can be included in the RACH configurations otherwise the UE determines the repetition factor based on RSRP from SSB or CSI-RS if applicable and the gNB does not know the repetition factor in advance. Regarding PDCCH order, following the same principle, the PDCCH order can include the repetition factor in its payload. At least an additional bit can indicate either legacy PRACH transmission or multiple PRACH transmission is triggered.
[bookmark: _Ref142574689]Proposal 11: The PRACH mask index may be required per repetition factor if CFRA is supported.
The legacy PRACH mask index only assumes one RO index and the Rel-18 PRACH repetitions require multiple ROs for one RACH attempt. The PRACH mask index should need additional interpretations. Based on existing specification, we think that one of RO in an RO group can be indicated by the PRACH mask index. Simply, the starting RO index can be derived.
It is otherwise some PRACH mask indices may not imply permitted ROs. It is suboptimal however it can work as well.
[bookmark: _Ref142574695]Proposal 12: PRACH mask index may imply the starting RO index in an RO group of the chosen repetition factor.

3. Conclusion
We address our view about supporting multiple PRACH transmissions.
Proposal 1: Fully overlapped RO groups for different repetition factors can be configured.
Proposal 2: If nested RO groups are introduced, then the configured K can be applied for all configured repetition factors (option 1), and otherwise if only one repetition factor is configured the K is implicitly obtained (option 2).
Proposal 3: Determine one alternative of the above: Last RO groups in the period X may be either maximally used or not used at all, for each repetition factor, provided that one K is applied for all repetition factors.
Proposal 4: Sets of ROs for different repetition factor are dependently derived implicitly.
Proposal 5: Feature priority value for PRACH preamble set may be configured to a common value for all repetition factors.
Proposal 6: For multiple PRACH transmissions on separate ROs, reuse legacy SSB to RO mapping rule.
Proposal 7: Repetition factor is increased when power ramping is not applicable.
Proposal 8: The transmission power level and ramping step size can be affected by the repetition factor.
Proposal 9: Contention free random access also supports multiple PRACH transmissions.
Proposal 10: CSI-RS based RSRP in addition to SSB based RSRP can be used for determining repetition factor if CFRA is supported.
Proposal 11: The PRACH mask index may be required per repetition factor if CFRA is supported.
Proposal 12: PRACH mask index may imply the starting RO index in an RO group of the chosen repetition factor.
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