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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In the previous meeting, the discussion regarding the framework is discussed. Based on the nice summary and gentle ways forward from the feature lead in R1-2304234, we address our view for multiple PRACH transmission with same/different Tx beams.
	· 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. Same Tx beam applications
2.1.1. Preamble determination for shared ROs
	
Agreement 111
For multiple PRACH transmissions with same Tx beam, support to differentiate at least between multiple PRACH transmissions and single PRACH transmissions.

Agreement 111
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, consider one or multiple of the following options.
· Option 1: Multiple PRACH are transmitted with separate preamble on shared ROs.
· Option 2: Multiple PRACH are transmitted on separate ROs.
· Option 3: Partial of multiple PRACHs are transmitted with separate preamble on shared ROs, while the other multiple PRACHs are transmitted on separate ROs.
· Other options are not precluded.
Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission.



The system information block transmits PRACH configuration index and the transmitted SSB pattern. A UE can derive the time resource patterns for relevant ROs for chosen SSB(s), which is called RO groups. In order to transmit PRACH multiple times, ROs that have different time resources are required to form a RO group. The serving gNB should be able to detect a preamble from ROs in the RO group.
If an RO is shared between legacy PRACH transmission and multiple PRACH transmissions, then the different sequence set may be assigned for legacy UEs and for enhanced UEs. This is because the same preamble index would mean contention by any means. 
In the Rel-16, the similar issues between Type 1 RACH (4-step) and Type 2 RACH (2-step) are discussed to share a same RO for different responses from the gNB, while independent ROs can be configured. The additional resources such as root sequence, configuration index, etc., can be configured. 
The preamble set seems to be fragmented already for other purposes. For instance, the preamble group B per SSB can be configured for different Msg3 size, and SSBs can chare the same RO depending on the association between SSB and RO and each SSB reserves one (or two) preamble group(s) among up to 64 indices. However, we may not need to consider the latter fragmentation if we prioritize the FR2 scenario. Thus, if the multiple PRACH transmissions with one beam is supported, then it is desirable to further divide the sequence set.
The preamble fragmentation may be avoided by increasing the number of available sequences in an RO. We can consider the similar approach as Type 2 RACH had, e.g, root sequence can be configured for multiple PRACH transmissions. The cross correlation between different root sequences still remains in the RO but it is not large in our view, and the multiple PRACH transmissions can be utilized for coverage-limited UEs and its interference can be added for adjacent gNBs with low cross correlations.
In the previous meeting, Rel-17 feature combinations were considered for Rel-18 PRACH transmissions, where additional RACH configurations can be further reused. In our view, the current framework (AdditionalRACH-Config-r17) is highly flexible and easy to extend for new features.
[bookmark: _Ref131771426]Proposal 1: The Rel-17 feature combination framework can be reused for Rel-18 PRACH transmissions to realize the PRACH resource partitioning.
2.1.2. 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.
· Note1: 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.
· Note2: 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.


Just as multiplexing legacy PRACH transmission and multiple PRACH transmissions, different number of PRACH transmissions may have different RO groups or a (fully/partially) shared RO group. In our understanding, different RO groups can be configured, or otherwise different preamble sets in the same ROs can be configured. In our view, further preamble fragmentation is not very desirable and a separate RO group per different PRACH repetition factor can be configured. If supported, then ROs in an RO group associated with a PRACH repetition factor may be included in the one or (consecutive) PRACH slots.
[bookmark: _Ref115397782]Proposal 2: Different RO groups can be configured per PRACH repetition factors.
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.
This is related to our previous paragraphs regarding the RAR window. Our initial view is to allocate different ROs for distinct RO group. It requires many ROs but it is the simplest and the gNB can save ROs by carefully adjusting the number of repetition factors to avoid resource wastes. If we allow some of ROs in different RO group, then we think different preamble set is required and subsequently this may impact the feature priorities.
[bookmark: _Ref127447833]Proposal 3: Disjoint RO groups for different repetition factors can be configured.
With reference to multiple PRACH transmissions, there are at least two approaches, keeping the same Tx beam. The legacy UE can receive Msg2 PDSCH and checks a collision happened. The UE can transmit PRACH again following the (scaled) BI in the Msg2. It seems to be a legacy behavior to transmit PRACH multiple times before Msg3 PUSCH, in terms of contention resolution. If the PRACH beam is maintained and the UE reads Msg2 PDSCH for each PRACH transmission, then it is beneficial for contention resolution but not helpful for coverage extension. However, the UE can change the PRACH beam during multiple transmissions, then it is beneficial for both contention resolution and coverage extension. 
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 or different Tx beams are cycled by itself. 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 puprose. We think that RO offset can be used to identify the proper RO group if fully overlapped RO groups are configured.
[bookmark: _Ref127447838]Proposal 4: Fully overlapped RO groups can be configured for both same Tx beam or different Tx beams.

	
Proposal (from the final feature lead summary R1-2304234)
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 period X.
· FFS: the determination of time period X. 
· FFS: whether the same time period X is applied to all the configured number(s) of multiple PRACH transmissions.


With reference to the time period X as an RO group association pattern period, we also think that an RO group periodically occurs in time. In the previous meeting, some companies propose that an integer multiple of an SSB-RO association pattern period would be the RO group association pattern period. As far as we know, a repetition factor such as 8 would consume a large number of ROs and a single SSB-RO association pattern period may be too short.
In our understanding, it is desirable for the gNB to configure proper RRC parameters such that a single SSB-RO association period will suffice to the RO group of a repetition factor provided that ROs are fully shared. 
In Figure 1, we illustrate a specific example where nFDM is one and SSB to RO ratio is two. The set of ROs are shared to UEs for the repetition factor 8. Thus, the RO group requires two pattern periods, and the serving gNB should store samples during two pattern periods. 
Compared to the legacy implementation of PRACH preamble detection, the proposed parameters requires much memory at the serving gNB, and depending on configurations, for twice of up to 160 ms in this example. 
For other examples, some ROs may not be used due to the definition of association pattern period, and this memory requirement may become severe. In perspective of receiver’s implementation, it may not be feasible to store such long time even with a minimal number of reserved preambles. We would suggest RO group may occur within single SSB-RO association period if possible. 



[bookmark: _Ref134632193]Figure 1: RO groups of size 8
If an RO group pattern period is introduced, then time resources to address starting RO should be derived. It can be determined from the indirect information or can be configured by a set of new parameters. In our view, it may not be an integer multiple between an SSB-RO association pattern period and an RO group pattern period. Depending on the decision, this integer multiple can be different from each repetition factor and the final aggregated pattern that governs all repetition factors might be discussed as well, which will be a long time period if the least common multiple is considered.
Observation 1: The gNB may have to store received samples for at least a few association periods.
Instead, we support an approach that the feature lead proposed in the final summary, which is to discuss the time period X. We understand the FFS as to provide the joint configuration of a legacy SSB-RO pattern and the proposed RO group pattern. This is because the legacy RO is associated with an SSB index and this imply the gNB may not process some other Rx beams. If we discuss only PRACH repetition using the same Tx beam, then FDM/TDM of ROs from multiple SSB indices can be supported. However, PRACH sweeping using the different Tx beam, then FDM of ROs from multiple SSB indices may not be supported. Thus, RO group and the legacy RO may have a similar Rx beam that is associated with the same SSB index.
[bookmark: _Ref134708991]Proposal 5: RO groups association pattern has the unified design for both same Tx beam or different Tx beams
2.1.3. 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 6: 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 7: The transmission power level and ramping step size can be affected by the repetition factor.


2.2. Different Tx beam applications
	Agreement 111
Study at least the following case for multiple PRACH transmissions with different Tx beams.
· UE uses different TX beams to transmit the multiple PRACH over ROs associated with the same SSB/CSI-RS
· FFS: UE uses different TX beams to transmit the multiple PRACH over ROs associated with different SSBs /CSI-RSs, where the different SSBs/CSI-RSs are not associated with the same RO.
· Note: not related to decision on CFRA 
Note: UE uses different TX beams to transmit the multiple PRACH over ROs associated with different SSBs/CSI-RSs, where the different SSBs/CSI-RSs are associated with the same RO is not considered.

Conclusion 112
For multiple PRACH transmissions within one RACH attempt, they are only transmitted over ROs associated with the same SSB/CSI-RS.


Regarding different PRACH beams, we need to discuss how to derive PRACH beams. In our understanding, a PRACH beam is derived from a SSB with no strict restriction in the specification. Referring to the UE feature, it holds the beam correspondence between SSB and its associated PRACH with/without UL beam management. During the 4-step RACH procedure, the UE are not in the RRC connected mode and the beam correspondence should not be presumed.
We would like to point out that a UE should monitor multiple SSBs for multiple PRACH transmissions. If a UE can derive multiple beams from one SSB, then the UE may have multiple antenna panels or large antenna array in an antenna panel. Each antenna panel can be associated to a beam for PRACH, or an antenna array can generate multiple sharper beams than a SSB’s and all of those beams correspond to the same SSB. The latter case, which is captured as a FFS in the above agreement, implies that the UE should monitor multiple SSBs for the Msg1 transmission.
If different DL RS may serve as a reference to each PRACH transmission, then a broader Tx beam would be used as the current implantation can be applied with small changes. However, it increases the control plane latency. In addition, the RAR starting slot requires a new interpretation. For instance, a few SSBs are chosen by a UE for Tx beam determinations, and the UE orders the SSB indices to determine slots with ra-SearchSpace. In our view, this may complicates other procedures though the implementation may be easier.

If multiple beams are considered, then it may be necessary to put a gap time between beam switching. Depending on SCS for PRACH and initial UL BWP, the gap time may be longer than a CP length or a gap period of a short PRACH format within an RO.
[bookmark: _Ref115397806]Proposal 8: Study the need for a switching gap between consecutive PRACH transmission with different beams.
Also, number of repetitions and number of beams should be determined and their ordering for PRACH transmission, i.e., beam cycling first and repeat multiple times, or repeat multiple times with a same beam and cycling.

Sweeping factor determination can be further discussed. In our view, the set of applicable Tx beams may be known to UE in advance, and some number of Tx beams can be applied for PRACH transmissions. In the same set of Tx beam should have the minimum gain, which is a function of a sweeping factor. We think that a UE can estimate the link budget, the target gain to achieve from multiple transmissions can be derived. From the target gain, the UE can choose a set of Tx beams for PRACH transmissions. 
[bookmark: _Ref131771442]Proposal 9: Study the need for having a set of applicable Tx beams with given target gain.
3. Conclusion
We address our view about supporting multiple PRACH transmissions.
Proposal 1: The Rel-17 feature combination framework can be reused for Rel-18 PRACH transmissions to realize the PRACH resource partitioning.
Proposal 2: Different RO groups can be configured per PRACH repetition factors.
Proposal 3: Disjoint RO groups for different repetition factors can be configured
Proposal 4: Fully overlapped RO groups can be configured for both same Tx beam or different Tx beams.
Proposal 5: RO groups association pattern has the unified design for both same Tx beam or different Tx beams
Proposal 6: Repetition factor is increased when power ramping is not applicable.
Proposal 7: The transmission power level and ramping step size can be affected by the repetition factor.
Proposal 8: Study the need for a switching gap between consecutive PRACH transmission with different beams.
Proposal 9: Study the need for having a set of applicable Tx beams with given target gain.
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