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[bookmark: _Hlk510705081]In RAN #96e a revised new work item description was approved on further NR coverage enhancements [1]. Three main objectives characterize the work item:
	The objective of this work item is to specify further uplink coverage enhancements for PRACH, power domain and DFT-S-OFDM. 
The detailed objectives of the work item are as follows:
· 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.
·  Study and if necessary specify following power domain enhancements
· Enhancements to realize increasing UE power high limit for CA and DC based on Rel-17 RAN4 work on “Increasing UE power high limit for CA and DC”, in compliance with relevant regulations (RAN4, RAN1)
· Enhancements to reduce MPR/PAR, including frequency domain spectrum shaping with and without spectrum extension for DFT-S-OFDM and tone reservation (RAN4, RAN1)
·  Specify enhancements to support dynamic switching between DFT-S-OFDM and CP-OFDM (RAN1)



This contribution focuses on the first objective of the work item on PRACH coverage enhancements and discusses the challenges associated with introducing multiple PRACH transmissions in the NR system with possible directions that RAN1 could further investigate. In addition, we present simulation results for the case of multiple PRACH transmissions with different beams and derive related observations and proposals.
[bookmark: _Toc67700557]Discussion
Determination of the number of multiple PRACH transmissions
In RAN1 #112, the following was agreed regarding the number of multiple PRACH transmissions:
	Agreement
For multiple PRACH transmissions with same Tx beam, gNB can configure one or multiple values for the number of multiple PRACH transmissions.
· If multiple values are configured, PRACH resources differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported.
· FFS: details



	Agreement
Support {2, 4, 8} for the number of multiple PRACH transmissions with same Tx beams.



Therefore, a gNB will be able to configure multiple values for the number of multiple PRACH transmissions among the set {2, 4, 8}, as long as clear differentiation between multiple PRACH transmissions with different number of multiple PRACH transmissions is supported via PRACH resources. The first agreement presents an FFS point on the details of such configuration, which will be the focus of the next Section of this contribution.
Metrics for determination of the number of multiple PRACH transmissions for the first PRACH attempt
In RAN1 #111, the following was agreed regarding the metrics for determination of the number of multiple PRACH transmissions:
	Agreement
· 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.




In RAN1 #112-bis-e, further discussion occurred on whether additional conditions should be used for determination of the number of PRACH transmissions, with the following FL proposal:
	Proposal 6-2
For multiple PRACH transmissions with same Tx beam, only SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions at least for the first RACH attempt for CBRA.



Related to Proposal 6-2, the following proposal was made by FL and discussed during RAN1 #113:
	Proposal 7-1 v5
For the first RACH attempt, the UE determines
· whether to perform single PRACH transmission or multiple PRACH transmissions based on SSB-RSRP threshold.
· If the SSB-RSRP threshold to determine single PRACH transmission or multiple PRACH transmissions with the smallest configured value of the number of multiple PRACH transmissions is not provided, whether to perform single PRACH transmission or multiple PRACH transmissions is based on whether UE reaches maximum transmission power.
· if multiple PRACH transmissions are performed, the number of multiple PRACH transmissions based on SSB-RSRP threshold(s).



In our view, there are two high level targets usually set for enhancements at physical layer:
· Better performance, and/or
· Better efficiency.
In this context, it is unclear why allowing a UE that would not transmit at maximum power to perform multiple PRACH transmissions instead would meet the two targets above consistently. In this case, in fact, an adequate power ramping configuration could always be provided to the UE to ensure that the competitiveness of power ramping is deterministically superior to the competitiveness of multiple PRACH transmissions. This aspect should be paramount in our view to justify the adoption of multiple PRACH transmissions, which can occur only if the feature guarantees that the performance delivered by multiple PRACH transmissions is always larger than the performance of the single PRACH transmission. It is quite obvious that a necessary condition for this to happen is to allow a UE to resort to multiple PRACH transmissions only when its transmit power is equal to Pcmax.
Observation 1. The performance delivered by multiple PRACH transmissions should always be larger than the performance of the single PRACH transmission.
It should be noted at this stage that allowing a UE to resort to multiple PRACH transmissions only when its transmit power is equal to Pcmax also ensures a better efficiency of the feature as well. A simple toy example is provided to illustrate this fact:
· Consider a UE that, based on Ptarget and on the measured downlink path loss, calculates that its PRACH transmission power shall be equal to Pcmax. Assume that such Pcmax is not sufficient to ensure that the preamble is received by gNB with a power qual to Ptarget, i.e., a coverage bottleneck exists for PRACH. 
· If such a UE is a Rel. 15-17 device, it will transmit PRACH with transmission power equal to Pcmax and, in case of failure, it will retransmit the PRACH until the maximum number of retransmission attempts is reached or a Msg2 is correctly received.
· Conversely, a Rel-18 UE will perform a number of multiple PRACH transmissions depending on the configured SSB-RSRP thresholds and, in case of failure, will retransmit PRACH with repetitions until the maximum number of retransmission attempts is reached or a Msg2 is correctly received.
The result of the above would be that for any given number of transmitted preambles by the two different UEs, gNB would always know that the preambles received in the context of multiple PRACH transmissions can be combined to experience a link budget gain, while the same is not possible for preamble received in the context of single PRACH transmission. Therefore, for the same amount of consumed power by the two UEs, the PRACH coverage of the Rel-18 UE would be larger, i.e., a better efficiency would be ensured for the multiple PRACH transmissions as compared to the single PRACH transmission. The same would not be true if the Rel-18 UE was allowed to transmit PRACH with repetitions even when is transmission power is not equal to Pcmax, due to the reasons outlined before.
Observation 2. If multiple PRACH transmissions can be performed by a Rel-18 UE only with its transmission power is equal to Pcmax, then for the same amount of consumed power as the one consumed by a Rel-17 UE retransmitting PRACH multiple times, the PRACH coverage of the Rel-18 UE would be larger, i.e., a better efficiency would be ensured for the multiple PRACH transmissions as compared to the single PRACH transmission.
The above brings us to say that if multiple PRACH transmissions are determined for the first RACH attempt based on the SSB-RSRP thresholds but the power control calculation at the UE provides a transmission power lower than the maximum transmission power available at the UE, UE should keep the power as determined by the power control formula and avoid transmitting the multiple PRACH transmissions. 
This approach has three main justifications, which do not stem from technical preference but rather from engineering common sense:
· Better energy efficiency at the UE: 
· Doubling the number of PRACH transmissions is equivalent, at the transmitter side, to doubling the transmit power. Indeed, UE would transmit the same signal twice, with the same power. However, this is not equivalent to doubling the received power at gNB, since doubling the number of PRACH repetitions brings at the most a 3 dB gain theoretically, but all simulations performed by companies in Rel-17 and Rel-18 have shown that less than 3 dB are observed in practice due to non-idealities. Conversely, if the UE transmits PRACH with 3 dB higher power, the 3dB gain is observed at both transmitter and receiver, deterministically. Hence a UE should always prefer transmitting at higher power than transmitting PRACH with double the number of repetitions, and thus should always ensure that max Tx power is achieved before resorting to PRACH repetitions.
· If approaches based on scaling the Tx power by a factor which depends on the number of repetitions were adopted, a deterministic energy loss would be observed by the UE since a combiner at the Rx cannot recover all the energy used for the transmissions, as doubling the number of PRACH repetitions brings at the most a 3 dB gain theoretically, but all simulations performed by companies in Rel-17 and Rel-18 have shown that less than 3 dB are observed in practice due to non-idealities. This is crucial for UEs not transmitting at max power, since repeating will lead them to lose power if they repeat as opposed to transmit using a single PRACH. The issue would have an even larger extent in case of RO dropping, i.e., when less than the nominal number of multiple PRACH transmissions is transmitted using the ROs of a group mapped to the nominal number (for instance, when 3 PRACH transmissions are performed over 3 ROs of an RO group composed of 4 ROs). In this case, the Tx power scaling approach would require more complicated rules to stipulate what the UE should do and this would further aggravate the problem described above and reduce the energy efficiency of the PRACH transmission even more.
· More efficient PRACH resource allocation at gNB: If the condition on max Tx power is not set, many UEs will simply repeat PRACH even when not transmitting at max power, i.e., when alternative and more efficient solutions are offered by legacy approaches. This increases the average number of UEs that will repeat PRACH in the cell, in turn forcing gNB to configure more RO groups and more preambles for this feature. Preambles, in particular, are a very expensive resource and should be reserved with a lot of care.
· Lower expected latency for having a successful PRACH transmission: In the worst case, a UE that performs single PRACH transmission with power ramping completes N PRACH transmissions in N attempts over the same time used by a UE performing N PRACH transmissions in 1 attempt. If suitable power ramping step is set by gNB, the link budget of the UE performing single PRACH transmission can always be made better than the link budget of the UE performing multiple PRACH transmissions without being at maximum power. This obviously results in lower expected latency for having a successful PRACH transmission.

Observation 3. If the multiple PRACH transmissions can be used only when the UE calculates that the PRACH transmission power is to be set at Pcmax (using legacy calculations), the following benefits are observed:
· Better energy efficiency at the UE
· More efficient PRACH resource allocation at gNB
· Lower expected latency for having a successful PRACH transmission

In other words, UE transmission power for the first PRACH attempt should be the subject of a check to be performed by the UE prior to resource determination for PRACH and certainly prior to the determination of the number of multiple PRACH transmissions (based, at least, on SSB-RSRP thresholds).
Now, we understood that some companies have expressed concerns on the impact that such approach would have on:
1. The ROs determination/selection for performing the PRACH transmission. 
· In this context, re-selection of ROs should be avoided. As a matter of fact, we agree that once UE has determined which ROs are to be used for PRACH transmissions this should not be changed. At the same time, we think that such determination should happen only when UE determines that downlink pathloss measurement is such that max power at the UE should be used in the first place. In other words, the condition on the transmit power at the UE should be checked and verified before the RO determination/selection for performing the PRACH transmission. This would be possible while guaranteeing that resource re-selection is not needed and could be left to RAN2, once RAN1 has agreed on the principle.
2. The possible interference measured at gNB after combining the multiple PRACH transmissions.
· This problem is very unclear technically, in our view, since it relies on specific assumptions on gNB’s implementation that cannot be generalized to all products on the market and thus should not be used to drive the feature design. In this context, it was argued that if the UE did not account for the number of repetitions when setting its transmission power, for instance by using an appropriate scaling, then the power of the “combined preamble” at the receiver would be larger than preambleReceivedTargetPower. However, a power higher than preambleReceivedTargetPower is already measured nowadays whenever a UE retransmits PRACH with power ramping (in case of PRACH failure, which is what the multiple PRACH transmissions attempt at solving) and in a completely uncontrollable and unpredictable way for gNB. Consequently, it is unclear why observing a power higher than preambleReceivedTargetPower after the preamble combining would be a problem for a gNB that can predict exactly when this will happen (differently from legacy). For this reason, not only it cannot be stated that the condition on the maximum transmission power causes problem at gNB during the reception, but also it should be stated that the condition on the maximum transmission power can never create more problems to gNB than the problems possibly created by the power ramping procedure for legacy PRACH transmission.

Given all the above, we reiterate our initial favorable position to the presence of a condition on the PRACH transmission power being at Pcmax before resorting to multiple PRACH transmissions. 
Proposal 1. Determination by the UE of whether multiple PRACH transmissions should be performed or not is subject to the UE output power being above a certain value, e.g., based on UE’s maximum power. FFS: details
· If the UE determines that multiple PRACH transmissions should be performed based on UE output power then the number of multiple PRACH transmissions is determined according to existing agreements, i.e., using at least SSB-RSRP threshold(s).

In this context, while not ideal, Proposal 7-1 v5 as per R1-2306039 would ensure that the choice of whether imposing the maximum power condition on the UE for resorting to multiple PRACH transmissions is up to gNB. Such condition could then be used only when a certain approach to SSB-RSRP threshold configuration is adopted. This would allow the configuration to be issued in compliance with implementation constraints and specificities, while ensuring that the best performing setup is not forbidden by the specification.   

Proposal 2. Proposal 7-1 v5 as per R1-2306039 is an acceptable middle-ground solution.

Details on the configuration of the SSB-RSRP thresholds for determination of the number of multiple PRACH transmissions
In RAN1 #112bis, the following working assumptions regarding the differentiation between single PRACH and multiple PRACH transmissions were confirmed with the following agreement:
	Agreement
Confirm the following working assumptions.
Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, at least support that multiple PRACH are transmitted on separate ROs.
· Note: Separate RO means that the RO is separated with single PRACH transmission.
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.
Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, support that multiple PRACH are transmitted with separate preamble on shared ROs
· Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.



With reference to the second working assumption, preambles used for feature combination are already specified for Msg3 repetitions (in Rel-17). Therefore, if the same direction is taken for PRACH repetitions, an option could be to use the Msg3 RSRP threshold to configure the SSB-RSRP thresholds for determination of the number of multiple PRACH transmissions.
To do so, SSB-RSRP thresholds for PRACH repetition could be derived from rsrp-ThresholdMsg3-r17. For instance, a new field could be introduced in BWP-UplinkCommon for gNB to configure one or multiple values (one for each threshold) indicating the scaling factor with respect to the rsrp-ThresholdMsg3-r17 to derive SSB-RSRP thresholds for PRACH repetitions. It is anyway worth observing that this example has illustrative purpose only and aims at clarifying the meaning of both the previous sentence and following proposal. Actual details of such configuration, and corresponding derivation(s) could be left to RAN2. 
Proposal 3. Derive the SSB-RSRP thresholds for PRACH repetitions from the Msg3 RSRP threshold. Details of the configuration and derivation can be left to RAN2.
Metrics for determination of the number of multiple PRACH transmissions in case of PRACH re-attempt
If a first attempt of multiple PRACH transmissions is not correctly detected by gNB (i.e., RAR not received), a UE could be allowed to increase the number of PRACH transmissions, as for power ramping in legacy behavior, even if its SSB-RSRP conditions did not change. A UE transmitting multiple PRACH transmissions is indeed expected to be already at maximum power (as also described and proposed in previous Section), so an increase in the number of PRACH transmissions could substitute the power ramping typically done at UE side in the case of PRACH failure.
However, an increase in the number of PRACH transmissions is an expensive process, since the number of occupied resources would be larger, in turn increasing the interference to neighboring cells and the collision probability of the same cell. For this reason, it would make sense to restrict such behavior only to UE with specific SSB-RSRP conditions, such as UE with a measured RSRP close to the threshold corresponding to a different repetition number. More specifically, an exception zone (in power domain) could be defined around the threshold(s) configured by gNB, wherein UEs with an SSB-RSRP within the zone would be allowed to transmit a larger number of PRACH transmissions if the first attempt failed. The rationale of this approach is that SSB-RSRP threshold(s) are set by network to the best of gNB’s knowledge, and not in an optimal way (this is not feasible). Additionally, they are not UE specific, but cell-specific, hence they cannot be optimal for all UEs in the cell. In this context, for any given UE attempting access in the cell, the thresholds may or may not be optimal. The exception zone is meant to account for this potential difference between the configured cell-specific thresholds and the optimal UE-specific thresholds (that cannot be configured).
An example of such mechanism is shown in Figure 5, where three cases are illustrated in the case a UE has failed a first attempt of multiple PRACH. It is to be noted that in this example only two PRACH repetition numbers are considered, without any loss of generality. Case 1 and case 3 represent a more straightforward behavior for which a UE with an SSB-RSRP outside of the tolerance zone and failing a first attempt of multiple PRACH transmissions does not change the number of transmissions derived from the SSB-RSRP measurements. Conversely, case 2 represents the case where a UE measures an SSB-RSRP within the exception zone (grey zone in the Figure) and it is allowed to increase the number of PRACH transmissions from 2 to 4, in the second PRACH attempt. Such a mechanism would allow to limit the number of PRACH transmissions to the strict necessary and optimize resource selections only when necessary.
[image: ]
[bookmark: _Ref118125801]Figure 1. Example of exception zone for multiple PRACH transmissions

Proposal 4. Define SSB-RSRP exception zone to allow a UE to increase the number of PRACH transmissions in case of PRACH re-attempt.
Another possible approach, in addition or alternative to the approach of the previous Proposal, to increase the number of multiple PRACH transmissions after failing a PRACH attempt would be for a UE to decrease the value of the measured SSB-RSRP by a certain amount (X in Figure 6), even if the actual SSB-RSRP value at the time of the PRACH re-attempt has not changed. An example of this approach is shown in Figure 8, where it is assumed that three SSB-RSRP thresholds are configured generating two RSRP ranges for two values of the number of multiple PRACH transmissions. 
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[bookmark: _Ref127535734]Figure 2. SSB-RSRP adaptation at RACH re-attempt

In this case, the SSB-RSRP measured by the UE belongs to the first RSRP range so that UE transmits a first number of PRACH multiple transmissions at the first PRACH attempt. The first PRACH attempt fails, so that the UE adapts the value of the measured SSB-RSRP by X dB, which in this example brings the adapted SSB-RSRP to the second RSRP range, enabling the UE to transmit a larger amount of multiple PRACH transmissions. The value of X dB could be for example higher layer configured so that a gNB could decide the rate at which the number of multiple PRACH transmissions is increased.
It is worth observing that an identical outcome can also be obtained by using X to adapt the SSB-RSRP thresholds.
Proposal 5. Define a procedure for increasing the number of the multiple PRACH transmissions at different RACH attempts based on adapting the value of the measured SSB-RSRP, or the SSB-RSRP thresholds, by a higher-layer configured value.

SSB to RO mapping for multiple PRACH transmissions
In RAN1 #113, the following agreements were made:
	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  
 



The above implies that RAN1 is still considering the possibility of introducing a new SSB-to-RO mapping in case separate ROs are configured for multiple PRACH transmissions. This is a relevant aspect for the design of this feature, since the separate ROs for the multiple PRACH transmission could be either consecutive or not in the time domain, based on the frequency band and frame structure. For example, for a classical TDD frame structure (e.g., DDDSU), all valid RACH occasions are not consecutive in the time domain, imposing a limitation in terms of network access performance, especially for a larger number of multiple PRACH transmissions (e.g., 4 or 8). Indeed, in such a case, not only the average network access delay per UE but also the burden to gNB memory and buffering would be increased.



Observation 4. Non-consecutive multiple PRACH transmissions increase the average network access delay per UE and the burden to gNB memory and buffering.
The situation becomes even worse when considering the RO mapping to different SSB indexes. In such cases, although the number of ROs per SSB index in the time domain can be higher layer configured via the parameter ssb-perRACH-OccasionAndCB-PreamblesPerSSB and equal to the desired maximum number of PRACH repetitions for one UE, an excessive extension of one SSB index in the time domain (e.g., ssb-perRACH-OccasionAndCB-PreamblesPerSSB = 1/8), may not always be feasible. Indeed, this could create limitations to system operation by forcing a gNB to operate on the same SSB beam for a large number of ROs and create access or operational delays to UEs served by other beams, especially in FR2 deployments.
To avoid this effect, a network may think of configuring a larger value of ssb-perRACH-OccasionAndCB-PreamblesPerSSB and Msg1-FDM, to distribute the ROs belonging to different beams (i.e., SSB index) in the frequency domain and limit the access or operational delays to UEs served by other beams. An example of such configuration is shown in Figure 7, for two consecutive available slots, a number of active beams equal to 4, ssb-perRACH-OccasionAndCB-PreamblesPerSSB = 1 and Msg1-FDM = 4. With such a configuration a network could be able to provide consecutive time domain resources associated to the same SSB index for a UE to perform PRACH repetitions, while limiting the access and operational delays of UE served by other beams.
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[bookmark: _Ref118386303]Figure 3. Example of PRACH configuration with ssb-perRACH-OccasionAndCB-PreamblesPerSSB=1, Msg1-FDM=4 and 4 active SSB indices (beams)

This configuration however requires a gNB to be able to create multiple beams in different directions in a same time instance, which is not always the case, especially in FR2, wherein gNBs typically operate with analog/hybrid beamforming and are only able to generate a limited set of beams in different directions in a same time instance and wherein the maximum number of SSB beams is equal to 64. 
Configuration of an SSB-to-RO mapping that guarantees consecutively available UL slots for transmitting consecutive PRACH repetitions while limiting the number of SSB indexes per time occasion is not possible with the current framework and optimizations in this direction could be targeted by RAN1 in this WI. 
Observation 5. The current framework for mapping of ROs-to-SSB indices does not allow configurations of consecutively available UL slots associated to a same SSB index for transmitting consecutive PRACH repetitions while limiting the number of SSB indexes multiplexed in the frequency domain per time occasion
One way for optimization of the SSB-to-RO mapping enabling consecutively available UL slots for transmitting the multiple PRACH transmissions while limiting the number of SSB indexes per time occasion would be to make sure that the mapping occurs firstly in the time domain and, only when a certain time occupation is reached, continue the mapping in the frequency domain. This would be different from the current mapping mechanism, for which a UE would map the SSB indexes to ROs first in the frequency domain and only then in the time domain. Such a mechanism would ensure that the mapping does not extend excessively in the time domain while guaranteeing that consecutive available ROs are mapped to the same SSB index and that only a limited number of SSB indexes are frequency multiplexed (FR2 friendly).
As an example, let us compare in Figure 8 the legacy SSB-to-RO mapping with the modified mapping in the case of 4 active SSB indexes (SSB #0, SSB #1, SSB #2, SSB #3), Msg1-FDM = 2, ssb-perRACH-OccasionAndCB-PreamblesPerSSB = 1/2 and in the case consecutive slots are available for the multiple PRACH transmissions (e.g., FDD band) for simplicity of representation. It can be noted, that if a UE performs 2 multiple PRACH transmissions in different time domain instances, they will not be consecutive with the current (Rel-17) SSB-to-RO mapping whereas they would be consecutive with a modified SSB-to-RO mapping for which a UE would first map the SSB to ROs in the time domain and only then in the frequency domain. In this example we assumed a maximum extension in the time domain (for one mapping cycle) of 4 ROs.
Observation 6. Mapping of SSB indexes to RO first in time domain and then in frequency domain allows a UE to transmit the multiple PRACH transmissions in the shortest time possible optimizing network access delay.
Observation 7. The number of frequency multiplexed RO can be controlled (and limited) by setting certain values of the time extension for the SSB to RO mapping in the time domain.
Proposal 6. Support Option 1: Modify the SSB to RO mapping in the case of multiple PRACH transmission to mapping the SSB to ROs first in the time domain and then in the frequency domain.
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[bookmark: _Ref118386454]Figure 4. Rel-17 SSB-to-RO mapping (leftmost) versus modified SSB-to-RO mapping (rightmost)

RO groups for multiple PRACH transmissions
The mechanism proposed in the previous section has the advantage of minimizing the delay of the initial access, by minimizing the time the UE takes for transmission of the multiple PRACH. Alternatively, or additionally to such an approach, reduction of collision probability may be targeted by maximization of UE distinguishability in corresponding Msg2. In other words, if the available ROs for the multiple PRACH transmissions are spaced in time, the best thing a network could do to minimize the access delay would be to maximize the probability that a UE is recognized and uniquely addressed directly in the first PRACH attempt, in turn minimizing the collision probability.
A possible mechanism to achieve this is for a network is to configure different RO groups, i.e., set of ROs, that a UE could finally select from in a round robin fashion for performing the multiple PRACH transmissions. This concept has been discussed extensively in Rel-18. This led the following agreement, made during RAN1 #112. 
	Agreement
For multiple PRACH transmissions with same Tx beam, "RO group" is assumed for multiple PRACH transmissions with separate preamble on shared ROs and/or multiple PRACH transmissions on separate ROs, and one RO group consists of valid RO(s) for a specific number of multiple PRACH transmissions.
Note 1: All ROs in one RO group is associated with the same SSB(s).
Note 2: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission.
Note 3: whether/how to define “RO group” in specification will be discussed separately
Note 4: Valid RO(s) refers to what is defined in existing specification
FFS: whether and how to address collision between valid ROs for multiple PRACH transmissions and other existing ROs for legacy single PRACH transmission or other features, e.g., 2-step RACH.
FFS: the time span of RO group.
FFS: whether and how ROs can be shared between different RO groups for different number of multiple PRACH transmissions.
FFS: other details



An example of RO group is shown in Figure 5, wherein each box represents one valid RO and boxes with the same colour are valid ROs belonging to the same RO group (i.e., Group #0 or Group #1). For ease of representation the valid ROs are shown consecutive in the time and frequency domain, but that is not a necessary condition for creating RO groups. 
In such a case, a generic UE transmitting 4 repetitions, could either select Group #0 or #1 for the multiple PRACH transmissions, giving the possibility to a gNB to uniquely address two UEs transmitting the same preamble index in subsequent Msg2 if they chose different RO groups for the transmissions. In other words, each group as per above description could be used at gNB as a signature (together with the preamble) to have a mean to identify that a UE is repeating PRACH N times, i.e., 4 in the example, with a rather high accuracy (the level of accuracy depends on how NW configures the sequences).
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[bookmark: _Ref134718918]Figure 5. Example of two RO groups (Group #0 and Group #1) when Msg1-FDM = 2 and SSB-per-RO = 1/8, each box is an RO and ROs of the same colour belong to the same RO group

Collision between valid ROs of RO groups for multiple PRACH transmissions and other existing ROs for legacy single PRACH transmission or other features
	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.



This agreement presents an FFS point on whether to introduce new rules causing to drop PRACH transmissions, for example to address collisions between valid ROs for multiple PRACH transmissions and other existing ROs for legacy single PRACH transmission or other features, e.g., 2-step RACH. Such an open point comes from a concern raised in the last RAN1 #112 meeting for some implementations where a gNB can only have one beam active per time instance (e.g., some FR2 implementations with gNB capable of analogue-only beamforming), in the case one RO of the RO group for PRACH repetitions occurs in the same time instance (but different frequency) of at least one other RO reserved for other applications (e.g., single PRACH transmissions). In such a case, gNB would not be capable of receiving preambles sent in both ROs, leading to the UE transmitting PRACH repetitions to transmit a repetition in vain if the gNB prioritizes the RO for single PRACH transmission and points the beam towards such UE.
Although we believe that collisions between valid ROs for multiple PRACH transmissions and other existing ROs is a problem for some implementations, it may not be so problematic for other implementations, as for example gNB implementations with multiple panel and multiple Rx chains. Additionally, it would never be a problem for the UE, for which any valid RO can be used for the PRACH repetitions. 
For these reasons, if RAN1 agrees to introducing collision rules between valid ROs for multiple PRACH transmissions and other existing ROs, applicability of such rules should be restricted to gNBs incapable of handling such collisions. This could be achieved, for instance, by a simple higher-layer signalling which enables the collision rules (or not) in the cell. The last aspect can be left FFS if further discussions on this are deemed necessary.
Proposal 7. If RAN1 agrees to introducing collision rules between valid ROs for multiple PRACH transmissions and other existing ROs, applicability of such rules should be up to cell-specific configuration by gNB.
Starting RB of ROs used for multiple PRACH transmissions
The transmission of multiple PRACH transmissions in ROs located at different time instances can be designed so that a UE keeps the same starting RB across the multiple PRACH transmissions or so that a UE changes the starting RB across the multiple PRACH transmissions. Although the former could be arguably considered a simpler implementation from a UE and system implementation point of view, the latter provides several benefits such as frequency diversity that would increase the probability of successful access of the UE to the cell.
Proposal 8. Support different starting RBs across the multiple PRACH transmissions.
Despite the benefits of having different starting RBs, different performance gains might be experienced among UEs choosing different ROs as the starting RO for the multiple PRACH transmissions, in the case one FH offset is configured and all UEs hop based on the configured FH offset. As a toy example for this issue, let us refer to Figure 6, which represents a grid of valid ROs (each box is one RO), all associated to the same SSB index and where the horizontal domain represents time and the vertical domain represents frequency. The colour of each box represents then a specific UE, with each UE starting from a different RO in the first-time instance (first column) and performing 4 repetitions in different time instances, and where each repetition is transmitted over an RO at a different frequency (and therefore different  index) than the previous repetition (i.e., frequency hopping).

[image: ]
[bookmark: _Ref131169477]Figure 6. Grid of valid ROs associated to a same SSB index and possible FH pattern for different UEs
In this example it is assumed a certain way of operation for the frequency hopping. More specifically, it is assumed that a hopping interval of 1 RO (or 1  index) is configured, and each UE determines the two hops for the PRACH repetitions: a first hop on the  of the starting RO (e.g., chosen randomly by the UE) and a second hop as the RO at a distance 1  (higher in frequency) from the first hop in modulo operation. For example, for the green UE, the first hop is at  and the second hop at . This latter constraint (modulo operation) is specifically relevant for the blue UE, which is not able to hop to a higher RO so that it will hop to the lowest RO of the grid (i.e., the second hop for the blue UE should be at  since the first hop is at , but since  is not present UE transmits at  as the second hop,  being the result of the modulo operation). Because of this, the blue UE will be able to experience a larger degree of frequency diversity (first and second hop more spaced in frequency) compared to the other 3 UEs, creating a performance advantage if the RO at  is selected as the starting RO for PRACH repetitions, compared to the other ROs. 
The above issue may be resolved for example by a proper gNB configuration of the RO groups, each group following an FH pattern with a same overall degree of frequency diversity, instead of a configuration of a fixed FH offset that all UEs utilize for their frequency hopping. Via RO groups configuration, gNB can indeed configure RO groups following different FH patterns with a same degree or frequency diversity and the enabling of the frequency hopping might be implicitly indicated via the specific configuration of the RO groups.
Proposal 9. Frequency hopping across the multiple PRACH transmissions is implicitly activated and configured by gNB via configuration of the RO groups.
Configuration and/or determination of RO groups for multiple PRACH transmissions
Based on discussion that occurred in RAN1 #112-bis-e and #113, two options can be considered to realize RO groups: in a first option UE implicitly determines the RO groups based on specified rules and possibly on network configured parameters, whereas in a second option the RO groups are explicitly configured by the network via higher layer signalling, e.g., via SIB1.
In this section, we will refer to these 2 options as “RAN1-only RO group determination” and “RO group configuration”, respectively.
From our perspective, RAN1-only RO group determination is a suboptimal approach for this feature and exposes gNB to several implementation constraints and limitations. At the same time, the notion of “RO group configuration” (with details up to RAN2) can sound vague. To provide some clarity, a simple example of a possible approach to RO group configuration, which can reuse mechanisms already existing in the specification (where details can be left, anyway, to RAN2), is proposed in the following.
This example is based on the assumption that ROs in a time period can be enumerated. This is quite simple to realize in practice and has been discussed in previous sections. Indeed, once the ROs have been determined by UE depending on PRACH configuration index, ssb-perRACH-OccasionAndCB-PreamblesPerSSB and msg1-FDM, all valid ROs belonging to a same SSB index can be enumerated by UEs following the natural ordering provided in TS 38.213, frequency à time à slot.
At this stage the UE only needs to know which ROs are grouped together to determine one or more RO groups based on an additional higher-layer configuration (the RO group configuration).
The problem is identical to what is found in the eMIMO codebook in TS 38.214 for supporting MU-MIMO applications, where UE needs to report to gNB which spatial components and frequency components, out of a set of available ones, have been used to compress the CSI and obtain the content of the CSI report (e.g., Type 2). To this end, TS 38.214 uses a combinatorial indicator providing the rank of the chosen component combination out of all the possible combinations, which is a well known efficient signaling scheme to convey such information. 
Similarly, in case of RO group configuration, NW could provide a set of combinatorial indicators providing the rank of one or more combinations of ROs out of all the possible combinations of ROs, wherein one combination indicates one group of ROs. In other words, this could be done using approaches already existing in the specification and logics already implemented in the products, and with low redundancy in SIB1. The effort would be minimal, if any. Tools and expertise already exist.
[bookmark: _Hlk134722119]We remark that both the above and what follows should only be considered as a toy example to understand the RO group configuration better, and not as a proposal. As previously stated, the above is just an example. The most suitable WG to carry out this discussion is certainly RAN2, which is fully equipped to identify the best solution in terms of signalling. RAN2 may eventually decide to resort to other possibly more efficient mechanisms of course, e.g., bitmaps, explicit enumeration and so on.  
Consider now Figure 7, where a representation of a certain number of ROs mapped to same SSB, where msg1-FDM = 4 and ssb-perRACH-OccasionAndCB-PreamblesPerSSB = ¼ or 1/8, is given. These ROs could occur within, for instance, an SSB-to-RO association pattern period. All other ROs mapped to other SSBs, occurring in-between the ROs depicted in the figure are ignored, for simplicity. ROs are numbered starting from an initial RO (that could be, for instance, in SFN0) like in the case of RO group determination. Furthermore, three RO groups of 4 ROs are illustrated, where arrows connect ROs part of the same group. Some overlap exists between the groups, to show that this can be easily realized using the RO group configuration (differently from determination). 
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[bookmark: _Ref134804245]Figure 7. ROs mapped to the same SSB index within a time period.

Each group of 4 (N) ROs out of the 16 (K) ROs associated with same SSB beam in the considered period can be seen as one combination of 4 elements in a set of 16. Thus, a combinatorial indicator which provides the rank of one combination out of all the possible combinations of N ROs out K elements (identical to the one used in the eMIMO codebook for signaling spatial or frequency domain components in TS 38.214) can be used to indicate each RO group. This can be computed by gNB and interpreted by UE using the same basic tools used in TS 38.214, i.e., ranking/unranking algorithms. This would require  bits in this simple, unoptimized, example. If 3 groups of 4 ROs are configured by the network, the overall bitwidth of the combinatorial indicator for all sequences is  = 33 bits. This is an extremely low overhead as compared to the total overhead of SIB1, and it should be noted that this would allow configuring 3 RO groups of 4 ROs each, which is arguably a very “generous” configuration already. It is also rather evident that more efficient signaling schemes can be devised by RAN2, both to leverage the presence of overlap to reduce redundancy, and to reduce overall bit width to make it even lower, given the regular pattern of the RO-to-SSB mapping (which can surely be exploited).  
Overall, several advantages exist for this approach. First, configuration of RO groups from gNB is the only mean for the network to control and reduce arbitrarily the collision probability of the PRACH repetitions and the gNB detection complexity based on deployment scenarios. 
Indeed, the larger the number of RO groups, the larger the number of hypotheses a gNB must test during PRACH reception to understand whether PRACH repetitions were transmitted in an RO group or not. 
Furthermore, via an explicit configuration of the RO groups, a gNB can autonomously determine for example the number of RO groups to configure based on aspects such as:
· Its detection capabilities. 
· Receive buffer size.
· RO combination algorithm, if any (coherent, non-coherent).
· Possible estimates of the number of UEs benefiting from specific number of repetitions, e.g., via UL RSRP measurements and so on.
Configuration allows to realize:
· Arbitrary frequency hopping patterns (for instance, the pattern illustrated in Figure 9), without complicating the RAN1 spec with complex rules for the frequency hopping, by simply grouping ROs together as gNB deems fit.
· Create very efficient patterns of RO groups which can occupy the least amount of ROs possible while guaranteeing arbitrary time and frequency diversity.
· Reduce arbitrarily the overall number of ROs used across the groups by configuring any level of sharing between RO groups, partial with one or more shared ROs, complete sharing and so on.
· Reduce the need for additional collision handling rules significantly, since configuration would allow a much finer granularity for the groups and collisions could be avoided by design.
As a matter of fact, the RO group configuration would be a much simpler approach for RAN1 normative work perspective, while also being more powerful. Conversely, restricting the feature to make use only of RAN1-only RO determination strips gNB of all these possibilities and de facto forces unique implementation choices for realizing the feature. This should be avoided in RAN1, since the spec should not mandate implementation implicitly or explicitly. Moreover, it would complicate the realization of all the operations described above such as FH, collision handling and so on. In other words, the RAN1-only RO determination is the typical case of design that is proposed with the idea of it being simple to then becoming extremely complex when we try to ensure it can enable even simple features like FH. Conversely, RO group configuration can support all possible configurations with no ambiguity, special rule, multiple RO group configurations, positive/negative hops, modulo operations, partial RO overlap between groups, and so on. 
In summary:
A. RO group configuration is necessary to allow a network to control and reduce both the collision probability of the PRACH repetitions and the gNB detection complexity based on deployment scenarios, arbitrarily.
B. Furthermore, in this case gNB would be able to autonomously determine for example the number of RO groups to configure based on its detection capabilities. Indeed, the larger the number of RO groups, the larger the number of hypotheses a gNB must test during PRACH to understand whether PRACH repetitions were transmitted in an RO group or not. 
C. Finally, via RO group configuration, gNB can decide and configure a certain number of RO groups for a certain number of multiple PRACH transmissions, based on possible estimates of the number of UEs benefiting from specific number of repetitions.

Observation 8. Explicit configuration of RO groups for multiple PRACH transmissions allows a gNB to control the collision probability and gNB detection complexity, while also providing a very powerful tool to enable functionalities such as FH, partial/complete RO sharing among RO groups and so on.
Proposal 10. Support higher-layer configuration of one or more RO groups for each cell-specific configured number of PRACH repetitions.
Having said all this, we are sure that a RAN1-only RO determination can be realized in an effective manner, if it is assisted by a certain amount of direct configuration by gNB, without resorting to a direct RO group configuration. For instance, if NW can configure the starting RO(s) of the RO group(s), control the density of the groups with a parameter, e.g., a periodicity within a time period, and so on.
Proposal 11. Support RO group determination assisted by a certain amount of higher-layer configuration, e.g., starting RO(s) of the RO group(s) and their density/periodicity within a time period, as a second preference.
Proposal 12. If a UE determines that a certain number of PRACH repetitions is to be performed, and more than one RO group is configured for that number of PRACH repetitions, the UE selects one group randomly from the configured groups for performing the multiple PRACH transmissions.
Another consideration needs to be done in case of RO group determination will be in place in Rel-18. Indeed, in contrast to the case of RO group configuration, there may be the need for an RO indexing rule within the time period X, which was defined in RAN1 #113 as the periodicity of the set of RO groups (see corresponding agreement in section 2.3.4). Indeed, while legacy RO indexing rule, i.e., applied exclusively over a mapping cycle of consecutive PRACH occasions per SS/PBCH block index and reset at each mapping cycle, may suffice for RO group configuration, this may not be the case for the determination of the RO groups (RAN1-only version) where the support of more advanced functionalities such as FH, RO sharing between RO groups, collision handling rules, could require a more advanced indexing rule. 
Indeed, in case of RO group determination, a more advanced indexing rule of ROs within the time period X should also be introduced to simplify the determination. Like what is currently done for preamble indexing (as per Clause 8.1 of TS 38.213), RO indexing could be performed both in time domain and in frequency domain, to associate an index to all the ROs mapped to the same SSB index within the time period X. As an example, let’s focus on Figure 13, where the ROs are numbered from  to , with  defined as the number of ROs mapped to the same SSB index within the time period, first in time (for the whole time period X) and then in frequency (for all the frequencies). The advantage of such approach would be that ROs part of the same RO group could have back-to-back indices, e.g., RO#0 to RO#3 could be grouped together to support 4 PRACH repetitions. Other possibilities exist, of course, and this example has illustrative purpose only and aims at clarifying what RO indexing would mean.
Once all ROs within the time period X have been numbered, the UE could then proceed to the RO group determination. Continuing from the above example, a possible way to generate RO groups for a UE that needs to perform, e.g., 4 PRACH repetitions, is selecting the indexes belonging to the same frequency, i.e. , , , . The UE would then choose one of the determined RO groups to perform its PRACH repetitions.
Proposal 13. In case of UE determination of RO groups, ROs should be numbered both in time domain and in frequency domain to simplify the creation of RO groups. RO groups can be determined using such RO indexing.
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Figure 9. Example of RO indexing determination within the time period X.

[bookmark: _Ref141972840]RO groups for multiple PRACH transmissions
In RAN1 #113, the following was agreed:
	Agreement:
[bookmark: _Hlk141694074]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.



	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.



Three options are still open for the number of SSB-to-RO association pattern periods K within the time period X, i.e. whether K should be explicitly configured or implicitly determined and whether K is a fixed value for all number of multiple PRACH transmissions.
We think that K should be explicitly configured and should be a fixed value for all number of multiple PRACH transmissions. It is going to be up to gNB configuration to make sure that at least one RO group for all configured number of multiple PRACH transmissions is present within the K association pattern periods, but explicit configuration of the K would allow a gNB to optimize the number of RO groups available in a certain time span. An example of such optimization can be seen in Figure 8, wherein it is shown the possible RO groups of size 4 (purple boxes) within K = 2 association pattern periods, in the scenario Msg1-FDM = 8, SSB-per-RO = ½ and a number of 3 SSB indexes (each box represents an RO and each color a different SSB index). It can be noticed that with such configuration of K = 2, 10 RO groups for a number of 4 PRACH transmissions can be determined or configured in an interval of time of two association pattern period, which is much higher than the number of RO groups that could have been determined or configured if K was equal to 1 in two association pattern periods, i.e. 4. In addition, we do not see why multiple values of K should be necessary, since K could be so to contain at least one group for the maximum configured number of multiple PRACH transmissions, ensuring presence of RO groups of smaller size in the same time period. For this reason, we think that K should be a fixed value for all number of multiple PRACH transmissions.
Proposal 14. For the number of SSB-to-RO association pattern periods K within the time period X, K is explicitly configured and is a fixed value for all number of multiple PRACH transmissions.
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[bookmark: _Ref141276283]Figure 8. RO groups of size 4 in time period X for K = 2 association pattern period. 

For the creation of RO groups within the time period X, we should consider that:
· Multiple RO groups could be configured/determined within the time period, especially in the case ROs mapped to a same SSB index are also multiplexed in frequency domain (i.e., Msg1-FDM > 1 and SSB-per-RO < 1). 
· Multiple RO groups could be configured/determined for the same configured number of PRACH repetitions.
· Different RO groups may start at different time instants within the time period.

A convenient approach to create a flexible framework to realize the above is then the introduction of starting ROs of the RO groups within the time period, for each of the configured number of multiple PRACH transmissions.
Determination of the starting RO for each RO group for each value of the number of multiple PRACH transmissions was discussed in RAN1 #113, and a down-selection between two options was agreed as shown above. With Option 1, the index/indices of the starting RO(s) is/are explicitly indicated whereas with option 2 the starting/first RO(s) are implicitly determined at the UE. In our view both Option 1 and Option 2 present their advantages and disadvantages, with option 1 allowing for more flexibility to gNB for network configuration of the multiple PRACH transmissions at the cost of slightly larger signalling overhead and with option 2 enabling a minor signalling overhead decrease while reducing the flexibility in the configuration of the multiple PRACH transmissions. For this reason, one way forward could be for RAN1 to agree on a hybrid approach for which the index/indices of the starting RO(s) are explicitly indicated but, if the configuration is missing, determination rules of the starting RO(s) are applied.
Proposal 15. Determination of the starting RO for each RO group for each value of the number of multiple PRACH transmissions follows an approach for which the index/indices of the starting RO(s) of the RO group(s) is/are explicitly indicated but, if configuration is missing, determination rules of the starting RO(s) are applied [default behaviour].
For what concerns the FFS point on whether other parameters configured by gNB to allow density control and/or RO group(s) position alignment for multiple configured numbers should be introduced, we think that enabling a gNB to configure periodicity value(s) of the starting RO(s) for the multiple PRACH transmissions is a fundamental part in the definition of the feature. Especially in the case of multiple PRACH transmissions on shared ROs with “legacy” PRACH transmissions, we should give to gNB the possibility of configuring a certain periodicity of the starting RO(s) (and hence of the RO groups) both in time and frequency domain within the time period X, to avoid that a gNB would have to test all possible RO(s) to detect if any UE has transmitted the multiple PRACH transmissions. Indeed, since we have already agreed that the determined/configured set of RO groups repeats every time period X starting from frame 0, the only way we see to allow a gNB to reduce the density of the RO groups over time and frequency is to introduce a periodicity for the starting RO(s) within the time period X.
It is worth noting that the periodicity should be specific to a configured number of multiple PRACH transmissions and could be designed based on at least the following two approaches:
· In a first approach, the periodicity of starting RO(s) for a configured number of multiple PRACH transmissions is only over time within the time period X for each  mapped to a same SSB index
· In a second approach, the periodicity of starting RO(s) for a configured number of multiple PRACH transmissions spans both time and frequency dimensions within the time period X

An example of the first approach is shown in Figure 10, wherein two subsets of starting ROs are determined within the time period X, i.e., one subset (dashed blue box) characterized by the ROs closest to the start of the time period X and another subset (dashed red box) characterized by ROs at a periodicity of 4 valid ROs from the first subset. This type of determination of starting ROs of RO groups is particularly fit for RO groups for 2 or 4 multiple PRACH transmissions.
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[bookmark: _Ref134718668]Figure 10. Example of starting RO determination within the time period X based on first approach

The shown first approach however presents the drawback that multiple starting ROs of the first subset may have to be determined, which is simple in the case the ROs belonging to the different  are on the same time instance but may become more complicated when not, as in the case of Figure 11. As for Figure 8, this case presents SSB mapping to valid ROs within a time period X in the case three SSB indexes are configured, Msg1-FDM = 8 and SSB-per-RO = ½. Now, if we focus on only one SSB index (orange colouring), the starred boxes represent the candidate starting ROs within the time period X determined via the second approach with a periodicity of two valid ROs (associated to same SSB index) with a mapping first in time and then in frequency domain. It can be noticed that, even though not all determined candidate starting ROs may finally be used for RO groups determination, such an approach provides flexibility to gNB for density control over both time and frequency within the time period X and additionally generalizes the procedure of starting ROs determination to any PRACH configuration, ideally starting from only one starting RO of the first subset.
Based on the above considerations, we believe RAN1 should introduce configurable periodicity values for starting RO determination and should further discuss the mechanism for such determination.
Proposal 16. Introduce configurable periodicity values for starting RO determination within time period X 
Proposal 17. Discuss and agree on mechanism for starting RO determination within time period X starting from a configured periodicity value
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[bookmark: _Ref141696674]Figure 11. Example of starting RO determination within the time period X based on second approach

Preamble determination for multiple PRACH transmissions
In RAN1 #113, the following was concluded for the differentiation between multiple PRACH transmissions with different numbers:
	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.



Based on this conclusion, ROs for a certain number of multiple PRACH transmissions are not exclusive but might be shared between RO groups of different sizes. For example, a group of 8 ROs for multiple PRACH transmissions may be shared between one RO group of size 8, up to two RO groups of size 4 each and up to four RO groups of size 2 each. The multiple PRACH transmissions with different numbers on shared ROs will however have to be transmitted with different preambles, to avoid collision problems as much as possible.
One way to do that, without resorting to a very redundant and unnecessary RO-group specific preamble configuration in case of shared ROs, would be for a UE to determine the available preambles for a number of multiple PRACH transmissions as a preamble sub-set of the set of preambles associated with the SSB index (or indices) per valid RO. For example, if three values for the number of multiple PRACH transmissions are configured, the R preambles associated with an SSB index may be split into three sub-sets, each sub-set associated to a number of multiple PRACH transmissions. An example of such preamble division is shown in Figure 12, where it is shown 8 valid ROs mapped to a same SSB index, and the possible RO groups that can be realized starting from such set of ROs, i.e., one RO group of size 8, two RO groups of size 4 and four RO groups of size 2. In addition, here the R preambles are divided into 3 sub-sets ,  and , each subset of size R/3 preambles.
Observation 9. For transmission of multiple PRACH transmissions with different numbers on shared ROs, the R preambles associated with an SSB index per valid RO should be split into sub-sets, each sub-set associated to a number of multiple PRACH transmissions
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[bookmark: _Ref141280105]Figure 12. Preamble sub-sets for different number of multiple PRACH transmissions

The number of preamble sub-sets might then be fixed, i.e., the R preambles are always divided by the number of configured values of multiple PRACH transmissions, or variable, depending on the number of RO groups of different size overlapping over certain ROs for the multiple PRACH transmissions. To describe this latter approach, let us refer to Figure 13, which schematically shows how the R preambles could be divided into a number M of sub-sets, where M is not the number of configured number of multiple PRACH transmissions but rather the number of RO groups that share a set of ROs. So, even if 3 values of the multiple PRACH transmissions are configured, the preamble set could be divided into 2 sub-sets if only two RO groups of different sizes share the same ROs. This is shown in the upper RO set, where the R preambles are divided into 2 sub-sets  and , even if three values of the number of multiple PRACH transmissions were configured. The preamble division for the lower RO set would fallback to the case shown above with Figure 12, since three values of the number of multiple PRACH transmissions were configured and three RO groups of different sizes share the same ROs.
Among the two approaches, our preference is for the latter one, i.e., the R preambles are divided in a number of sub-sets that depends on the number of RO groups of different size overlapping over certain ROs for the multiple PRACH transmissions, since it would allow to optimize the number of preambles assigned to each value of multiple PRACH transmissions based on an actual need of restriction of the preambles to be used for a certain number of multiple PRACH transmissions.
Proposal 18. The preambles for transmission of the multiple PRACH transmissions are determined at the UE based on the number of RO groups of different size sharing the ROs used for the multiple PRACH transmissions
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[bookmark: _Ref141282601]Figure 13. Preamble division based on number of RO groups of different sizes overlapping on ROs for multiple PRACH transmissions

RRC parameters
Considering that this is the last RAN1 meeting of the release, we think that a discussion around the RRC parameters should take place to identify the necessary RRC parameters for the correct operation of the feature.
Proposal 19. RAN1 to discuss RRC parameters for PRACH coverage enhancements feature in RAN1#114 meeting.
[bookmark: _Toc67700564]Conclusion
In this contribution we have discussed aspects of PRACH enhancements in Rel-18. The following observations were made:
[bookmark: _Toc67700565]Observation 1. The performance delivered by multiple PRACH transmissions should always be larger than the performance of the single PRACH transmission.
Observation 2. If multiple PRACH transmissions can be performed by a Rel-18 UE only with its transmission power is equal to Pcmax, then for the same amount of consumed power as the one consumed by a Rel-17 UE retransmitting PRACH multiple times, the PRACH coverage of the Rel-18 UE would be larger, i.e., a better efficiency would be ensured for the multiple PRACH transmissions as compared to the single PRACH transmission.
Observation 3. If the multiple PRACH transmissions can be used only when the UE calculates that the PRACH transmission power is to be set at Pcmax (using legacy calculations), the following benefits are observed:
· Better energy efficiency at the UE
· More efficient PRACH resource allocation at gNB
· Lower expected latency for having a successful PRACH transmission

Observation 4. Non-consecutive multiple PRACH transmissions increase the average network access delay per UE and the burden to gNB memory and buffering.
Observation 5. The current framework for mapping of ROs-to-SSB indices does not allow configurations of consecutively available UL slots associated to a same SSB index for transmitting consecutive PRACH repetitions while limiting the number of SSB indexes multiplexed in the frequency domain per time occasion
Observation 6. Mapping of SSB indexes to RO first in time domain and then in frequency domain allows a UE to transmit the multiple PRACH transmissions in the shortest time possible optimizing network access delay.
Observation 7. The number of frequency multiplexed RO can be controlled (and limited) by setting certain values of the time extension for the SSB to RO mapping in the time domain.
Observation 8. Explicit configuration of RO groups for multiple PRACH transmissions allows a gNB to control the collision probability and gNB detection complexity, while also providing a very powerful tool to enable functionalities such as FH, partial/complete RO sharing among RO groups and so on.
Observation 9. For transmission of multiple PRACH transmissions with different numbers on shared ROs, the R preambles associated with an SSB index per valid RO should be split into sub-sets, each sub-set associated to a number of multiple PRACH transmissions
The following proposals were made:

Proposal 1. Determination by the UE of whether multiple PRACH transmissions should be performed or not is subject to the UE output power being above a certain value, e.g., based on UE’s maximum power. FFS: details
· If the UE determines that multiple PRACH transmissions should be performed based on UE output power then the number of multiple PRACH transmissions is determined according to existing agreements, i.e., using at least SSB-RSRP threshold(s).

Proposal 2. Proposal 7-1 v5 as per R1-2306039 is an acceptable middle-ground solution.
Proposal 3. Derive the SSB-RSRP thresholds for PRACH repetitions from the Msg3 RSRP threshold. Details of the configuration and derivation can be left to RAN2.
Proposal 4. Define SSB-RSRP exception zone to allow a UE to increase the number of PRACH transmissions in case of PRACH re-attempt.
Proposal 5. Define a procedure for increasing the number of the multiple PRACH transmissions at different RACH attempts based on adapting the value of the measured SSB-RSRP, or the SSB-RSRP thresholds, by a higher-layer configured value.
Proposal 6. Support Option 1: Modify the SSB to RO mapping in the case of multiple PRACH transmission to mapping the SSB to ROs first in the time domain and then in the frequency domain.
Proposal 7. If RAN1 agrees to introducing collision rules between valid ROs for multiple PRACH transmissions and other existing ROs, applicability of such rules should be up to cell-specific configuration by gNB.
Proposal 8. Support different starting RBs across the multiple PRACH transmissions.
Proposal 9. Frequency hopping across the multiple PRACH transmissions is implicitly activated and configured by gNB via configuration of the RO groups.
Proposal 10. Support higher-layer configuration of one or more RO groups for each cell-specific configured number of PRACH repetitions.
Proposal 11. Support RO group determination assisted by a certain amount of higher-layer configuration, e.g., starting RO(s) of the RO group(s) and their density/periodicity within a time period, as a second preference.
Proposal 12. If a UE determines that a certain number of PRACH repetitions is to be performed, and more than one RO group is configured for that number of PRACH repetitions, the UE selects one group randomly from the configured groups for performing the multiple PRACH transmissions.
Proposal 13. In case of UE determination of RO groups, ROs should be numbered both in time domain and in frequency domain to simplify the creation of RO groups. RO groups can be determined using such RO indexing.
Proposal 14. For the number of SSB-to-RO association pattern periods K within the time period X, K is explicitly configured and is a fixed value for all number of multiple PRACH transmissions.
Proposal 15. Determination of the starting RO for each RO group for each value of the number of multiple PRACH transmissions follows an approach for which the index/indices of the starting RO(s) of the RO group(s) is/are explicitly indicated but, if configuration is missing, determination rules of the starting RO(s) are applied [default behaviour].
Proposal 16. Introduce configurable periodicity values for starting RO determination within time period X 
Proposal 17. Discuss and agree on mechanism for starting RO determination within time period X starting from a configured periodicity value
Proposal 18. The preambles for transmission of the multiple PRACH transmissions are determined at the UE based on the number of RO groups of different size sharing the ROs used for the multiple PRACH transmissions
Proposal 19. RAN1 to discuss RRC parameters for PRACH coverage enhancements feature in RAN1#114 meeting.
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