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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 discusses the remaining issues of the PRACH coverage enhancements item.
[bookmark: _Toc67700557]Discussion
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 1, 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.
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[bookmark: _Ref118125801]Figure 1. Example of exception zone for multiple PRACH transmissions

Proposal 1. 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 2), 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 2, 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. 

[image: ]
[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 2. Define a procedure to increase 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.

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 3. 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.
Values of the time offset for starting RO determination
In RAN1 #114-bis, the following was agreed for the candidate values of the time offset for RO groups determination:
	Agreement
The candidate value of TimeOffsetBetweenStartingRO-r18 is proposed as below
· {16, [32]}, for RO groups for 8 repetitions
· {8, 16, [32]}, for RO groups for 4 repetitions
· {4, 8, [16, 32]}, for RO groups for 2 repetitions



As can be seen from the agreement, smaller values for the time offset were agreed whereas there seems to be still uncertainty (and hence the square brackets) on the larger values for the time offset such as 16 (for 2 repetitions) and 32. To understand why it is important to specify also such values for the time offset, it makes sense to take a step back and take a broader look at the problem when all preamble formats are considered. After all, the PRACH repetitions feature would not be tied to specific preamble formats and RAN1 should ensure that suitable configurations exist to accommodate all of them. This is especially necessary since coverage shortage problems are not only for cell-edge UEs but also for UEs closer to gNB, and whose throughput targets are high. In this context, we focused on short formats and considered a PRACH configuration based on PCI 196 for FDD in FR1, characterized by a preamble format B1 and 7 PRACH occasions (i.e., ROs) within one PRACH slot. 
For the sake of the example, we assume further configurations compatible with an FR1 FDD deployment, such as , Msg1-FDM = 4 and SSB-per-RO = 1, so that one round of SSB to RO mapping is concluded within one time instance. Based on this assumption, we can conclude that each RO in time domain will have the same SSB-to-RO mapping over the frequency domain, meaning that 7 ROs for PRACH repetitions can be found within any PRACH slot. Finally, considering that such PCI is characterized by a configuration period of 10 ms and subsequently (based on our other assumptions, at least) by an association pattern period of 10 ms, if we assume an SCS of 15kHz, we have 70 ROs for PRACH repetitions in one association pattern period, which is more than enough to create one group for each of the numbers of PRACH repetitions (i.e., 2, 4 and 8), i.e., the time period X is equal to 1 association pattern period in this case. It is worth noting that further corroborates the relevance of this example which does not require large durations of the time period to be valid.
Now, 70 ROs for PRACH repetitions (for each SSB index) within the time period X, imply that up to 8 RO groups for 8 PRACH repetitions, 17 RO groups for 4 PRACH repetitions and 35 RO groups for 2 PRACH repetitions can be determined within the time period for each SSB index. This also means that having a large value for the time offset in such scenario is of utmost importance to avoid extreme load to gNB operation as it would result in only few RO groups to detect within the time period X, if not just one (when possible), e.g., in case time offset is set to 32.
Furthermore, it is worth noting that a time offset of duration N valid ROs would have the same actual duration irrespective of the number of ROs in an RO group. For instance, if time offset equal to 16 is configured, this implies that the starting ROs of two consecutive RO groups are 16 ROs apart irrespective of whether the RO group are for 2, 4 or 8 repetitions. In this context, the only numbers that should be discussed are the smaller values, which could differ for different number of repetitions, i.e., 4, 8 and 16 in case of RO group for 2, 4, 8 repetitions, respectively. Larger numbers should be the same for all the number of repetitions. Therefore, since RAN1 already agreed on the smaller time offset values for all repetitions numbers, it makes sense to drop all the square brackets on the larger brackets and take all the numbers in the agreement.
Proposal 4. RAN1 to remove the square brackets and agree on the proposed values for TimeOffsetBetweenStartingRO-r18
· {16, 32}, for RO groups for 8 repetitions
· {8, 16, 32}, for RO groups for 4 repetitions
· {4, 8, 16, 32}, for RO groups for 2 repetitions

PRACH collision with other channels
Some proposals were formulated during RAN1 #114bis to adapt existing collision handling rules for PRACH when the latter collides with other channels, in case of PRCAH transmission with preamble repetitions. 
In our view, the case of PRACH transmission with preamble repetitions may indeed require such adaptation, since more than one preamble could be transmitted per slot by the same UE for certain PRACH configuration indices. In this context, we think that the nature of the PRACH transmission with preamble repetitions should be considered to decide how to adapt existing rules. More precisely, we observe that each preamble transmission in a transmission with repetitions is carried out as a legacy PRACH transmission with no preamble repetitions. In other words, no relationship is introduced between the repetitions at the transmitter, but only at the receiver where the received preambles are combined. For this reason, it seems natural to consider existing collision handling rules and to apply them to each preamble repetition separately.
The following TP should then be considered.
	8.1	Random access preamble
*** Unchanged parts are omitted ***
For single cell operation or for operation with contiguous carrier aggregation in a same frequency band or for operation with non-contiguous carrier aggregation in a same frequency band if the UE is not provided with intraBandNC-PRACH-simulTx-r17, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot with respect to the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions or when a gap between the first or last symbol of a PRACH transmission in a first slot is separated by less than  symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission in a second slot where  for  or 1,  for  or ,  for ,  for , and  is the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions. For a PUSCH transmission with repetition Type B, this applies to each actual repetition for PUSCH transmission [6, TS 38.214]. For a PRACH transmission with  preamble repetitions, this applies to each preamble repetition.
*** Unchanged parts are omitted ***



Proposal 5. Agree to the following text for adapting collision handling rules with other channels in TS 38.213 (deleted parts of the text are not reported for simplicity):
	8.1	Random access preamble
*** Unchanged parts are omitted ***
For single cell operation or for operation with contiguous carrier aggregation in a same frequency band or for operation with non-contiguous carrier aggregation in a same frequency band if the UE is not provided with intraBandNC-PRACH-simulTx-r17, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot with respect to the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions or when a gap between the first or last symbol of a PRACH transmission in a first slot is separated by less than  symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission in a second slot where  for  or 1,  for  or ,  for ,  for , and  is the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions. For a PUSCH transmission with repetition Type B, this applies to each actual repetition for PUSCH transmission [6, TS 38.214]. For a PRACH transmission with  preamble repetitions, this applies to each preamble repetition.
*** Unchanged parts are omitted ***




Power ramping counter
For single PRACH transmission, if due to power allocation to PUSCH/PUCCH/PRACH/SRS transmissions as described in TS 38.213 clause 7.5, or due to power allocation in EN-DC or NE-DC or NR-DC operation, or due to slot format determination as described in TS 38.213 clause 11.1, or due to the PUSCH/PUCCH/PRACH/SRS transmission occasions are in the same slot or the gap between a PRACH transmission and PUSCH/PUCCH/SRS transmission is small as described in clause 8.1, the UE does not transmit a PRACH in a transmission occasion, Layer 1 notifies higher layers to suspend the corresponding power ramping counter.
For multiple PRACH transmissions, the following draft proposal was made by the FL:
	Draft proposal
For multiple PRACH transmissions with the same Tx beam, Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasions are dropped or with reduced transmit power. Layer 1 may notify higher layers to suspend the corresponding power ramping counter when PRACH transmission in any of PRACH occasions are dropped or with reduced transmit power.



Therein two alternatives are presented, i.e., the power ramping counter is suspended if all or any of the PRACH occasions in a PRACH transmission are dropped or with reduced transmit power.
In the following, we will treat the two issues of reduced transmit power and dropped PRACH occasions separately.
Concerning the issue of the reduced transmit power:
In our understanding, for single PRACH transmission, the power ramping counter is stopped in this case because anyway UE would not be able to increase its power for the next transmission due to the limitation given by the power reduction. For this reason, for multiple PRACH transmission, it is unclear why any of the PRACH occasions but the last one should be considered for this discussion. This is the last transmission performed by the UE and is the only one that should determine whether power ramping makes sense or not. Say, for instance that any of (or all of) the first N-1 repetitions are transmitted with reduced power and the last one is not, why would power ramping be stopped? Conversely, say that any of (or all of) the first N-1 repetitions are transmitted with no power reduction and the last one is transmitted with reduced power, then power ramping not taking place would make sense.
Proposal 6. Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in the last PRACH occasion is with reduced transmit power.
Concerning the issue of the dropped PRACH occasions:
For this case and given that there is no constructive means to assess the impact of dropping one out of N PRACH transmissions on the actual detection probability, or for gNB to even be able to understand whether not receiving a preamble over an RO is the result of a dropping or of a propagation issue, we think that power ramping counter should be suspended when, all PRACH occasions are dropped.
Proposal 7. Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasion is dropped.
Interplay between PRACH and Msg3 repetitions
To enable PRACH repetitions and Msg3 repetitions request simultaneously, a gNB can use the Feature Combination framework, wherein one FeatureCombination IE includes both features. The FC IE is then associated with a set of random access resources (i.e., one or more instances of FeatureCombinationPreambles), defining the preambles and resources that a UE could use for both transmitting PRACH repetitions and requesting Msg3 repetitions.
However, for such a framework to function properly, the Msg3 repetition request and PRACH repetitions thresholds need to be configured appropriately by a gNB. In particular, it needs to be ensured that the Msg3 repetition request threshold is equal to one of the PRACH repetitions thresholds, so to avoid any ambiguity in UE behavior and so that a UE could use the configured preambles for PRACH repetitions and for the Msg3 repetition request. For example, if the Msg3 repetition request RSRP threshold is configured equal to the largest RSRP threshold for PRACH repetitions (i.e., the one corresponding to the lowest configured number of repetitions), UE could use the preambles associated to the determined number of PRACH repetitions to also indicate request for Msg3 repetitions.
In other words, request of Msg3 repetition by default if multiple PRACH transmission is performed can be already achieved by an appropriate network configuration of the Feature Combination IEs and threshold values. To avoid an erroneous setting of the thresholds by the gNB in such a case, one way could be to define the PRACH threshold values as a function of the value of the configured threshold for Msg3, i.e., for example if two values of PRACH repetition are configured, the larger PRACH threshold could be set equal to the Msg3 RSRP threshold whereas the smaller PRACH threshold could be determined by a UE at an offset from the larger PRACH threshold (i.e., Msg3 threshold). This way, we would make sure that the PRACH repetition thresholds are always set appropriately by a gNB in the case of feature combination with Msg3 repetitions.
Proposal 8. In the case of a feature combination including Msg3 repetitions and PRACH repetitions, define the PRACH threshold values as a function of the value of the configured threshold for Msg3 repetitions.
As defined in TS 38.213, the target transmit power for Msg3 PUSCH  is determined according to the target received power of PRACH (preambleReceivedTargetPower) and a power offset () provided by the RRC parameter msg3-DeltaPreamble, which applies to all the UEs in the cell. Such an approach makes sense when considering single PRACH transmission, where the msg3-DeltaPreamble is configured by a gNB to scale the necessary received SNR for reception of the Msg3 compared to the PRACH preamble. Now, when performing PRACH repetitions, UEs manage to comply with the preambleReceivedTargetPower (i.e., UEs are able to satisfy the gNB Rx SNR requirements) only when repeating the PRACH preamble multiple times, meaning that the Rx power from a single PRACH transmission would not be enough for reliable detection. For this reason, for the UE to transmit an adequate amount of power for the subsequent Msg3 transmission, companies have proposed to introduce additional values of msg3-DeltaPreamble, for the different values of PRACH repetitions a UE may perform. Although in principle we agree with the mechanism of scaling the transmission power of the Msg3 transmission based on the number of PRACH repetitions performed, we believe that acting on the parameter msg3-DeltaPreamble to achieve the scaling is not the right approach since the scaling would then not be inherited by the UE power control algorithm for subsequent PUSCH transmissions (e.g., Msg3 re-tx or Msg5 which, as we know, suffers from severe coverage issues in certain actual deployments). In addition, scaling the transmission power of Msg3 based on a scaled version of msg3-DeltaPreamble has the limitation that such scaling can only be limited to the nominal numbers of PRACH repetitions (i.e., the configured values) the UE performed, to avoid having to account for all possible values of actual number of PRACH repetitions (i.e., when considering possible PRACH dropping).
Based on the above analysis, we believe it would make more sense to add a scaling factor directly into the power control adjustment state  of the Msg3 PUSCH, where the scaling factor is equal to the value in dB of the actual or nominal number of PRACH repetitions performed by the UE. Such an approach has the advantage that the power scaling will be automatically inherited for subsequent PUSCH transmissions such as Msg3 re-transmission or Msg5 PUSCH.
Proposal 9. Introduce a scaling factor into the power control adjustment state  of the Msg3 PUSCH based on the number of PRACH repetitions.

Comments to latest draft CR
In this Section, we provide our comments and observations to the latest endorsed draft CR in [3].
The first part we would like to address is the description of the RO groups in the specifications which, as is, does not correctly cover the case in which different preambles are associated to a same SSB index mapped to consecutive ROs in time domain. There are indeed configurations for which such association might happen, and this needs to be addressed to avoid ambiguity in UE operation for such configurations. 
This issue was extensively discussed during RAN1 #114-bis, and an example of it can be found in Figure 3 for a configuration of Msg1-FDM = 2,  and SSB-per-RO = 2. From the Figure, a same couple (or more generically, a same set) of SSB indexes is never mapped in a different order to an RO, meaning that the same preambles are always associated to the respective SSB indexes. For example, if we consider the couple SSB#0 and SSB#1, they are always mapped in the same order to any RO, guaranteeing that the same preambles are associated to SSB#0 and SSB#1. The same would not be true if we considered the single SSB index, and if the RO groups would be determined based on ROs mapped to at least the SSB index. For example, SSB#1 is associated with different preambles in the first and second RO for n_RA = 0.
[image: ]
[bookmark: _Ref149230020]Figure 3. SSB-to-RO mapping in the case of Msg1-FDM = 2,  and SSB-per-RO = 2

Based on the above analysis, we propose the following TP to address the issue:
	For a PRACH transmission with  preamble repetitions, a set consists of  valid PRACH occasions that are consecutive in time, use same frequency resources, and are associated with a same SS/PBCH block index(es).


 
Further considerations are also necessary on the starting RO determination text, wherein at least the following aspects need to be improved:
· The text omits to mention that if an RO group cannot be created from a starting RO (because the RO group would not fit within the time period), the starting RO is not to be used for PRACH repetitions. This needs to be described in our view, to avoid unexpected UE behaviors such as for example a UE using only the remaining ROs for PRACH repetitions even if the number of such remaining ROs is lower than the configured number of PRACH repetitions. Not only this would create ambiguity at gNB but would also be against the agreements.
· Current text simply says that at least ”one RO group” should be included in a time period, but does not state that a time period can only include complete RO groups (which is a direct consequence of the agreements).
· The text describes how to determine starting ROs but does not specify that some of the possible starting ROs cannot be used as such, given that they are not followed by N-1 other ROs which satisfy the constraints for being part of the same RO group.
· In a way, this is similar to the SSB-to-RO mapping logic used in current specification, according to which incomplete mapping cycles should not exist inside an asssociation period, i.e., ”If after an integer number of SS/PBCH block indexes to PRACH occasions mapping cycles within the association period there is a set of PRACH occasions or PRACH preambles that are not mapped to  SS/PBCH block indexes, no SS/PBCH block indexes are mapped to the set of PRACH occasions or PRACH preambles”. Current starting RO description in the specification does not follow the same logic, irrespective of the presence of several agreements which clearly state that an RO group for a given number of PRACH repetitions can only consist of one number of ROs, i.e., one of the configured numbers in the cell. 
· In the case TimeOffsetBetweenStartingRO is provided, a clarification is necessary to make sure that the first valid PRACH occasion of subsequent sets, if any, is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions associated with same SS/PBCH block index(es) in time from the first valid PRACH occasion corresponding to the previous set
· In the case TimeOffsetBetweenStartingRO is not provided, the text is still ambiguous and not correct. A literal reading of the text would cause a UE to determine RO groups for different frequency resources as shown in Figure 4 below, since the UE would determine the starting RO of a sub-sequent group (frequency first) after the ROs determined for the previous RO group and thus would select a wrong starting RO. This would not allow the UE to determine all the RO groups correctly, nor is aligned with the agreement on the determination of the RO groups within the time period reported below for convenience.
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[bookmark: _Ref146882083]Figure 4. Literal reading of current text of starting ROs for subsequent RO groups in the case no time offset configured.


Based on the above analysis, we propose the following TP:
	Within a time period, for set(s) of  valid PRACH occasions associated with a same SS/PBCH block index(es) for a PRACH transmission with  preamble repetitions
   - 	A first PRACH occasion of a set is valid only if  subsequent valid PRACH occasions of a set can be determined within the time period.
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions associated with same SS/PBCH block index(es) in time from the first valid PRACH occasion of the previous set 
-	otherwise, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is determined after the ROsPRACH occasions determined for the previous set according to an ordering of valid PRACH occasions
-	first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	second, in increasing order of time resource indexes for time multiplexed PRACH occasions 



Proposal 10. Agree to the following text for definition of the PRACH repetition feature in TS 38.213 (deleted parts of the text are not reported for simplicity):
	8.1 Random access preamble
*** Unchanged parts are omitted ***
For a PRACH transmission with  preamble repetitions, a set consists of  valid PRACH occasions that are consecutive in time, use same frequency resources, and are associated with a same SS/PBCH block index(es).
*** Unchanged parts are omitted ***
Within a time period, for set(s) of  valid PRACH occasions associated with a same SS/PBCH block index(es) for a PRACH transmission with  preamble repetitions
   - 	A first PRACH occasion of a set is valid only if  subsequent valid PRACH occasions of a set can be determined within the time period.
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions associated with same SS/PBCH block index(es) in time from the first valid PRACH occasion of the previous set 
-	otherwise, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is determined after the ROsPRACH occasions determined for the previous set according to an ordering of valid PRACH occasions
-	first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	second, in increasing order of time resource indexes for time multiplexed PRACH occasions 




[bookmark: _Toc67700564]Conclusion
[bookmark: _Toc67700565]In this contribution we have discussed remaining issues of PRACH enhancements in Rel-18. The following proposals were made:

Proposal 1. Define SSB-RSRP exception zone to allow a UE to increase the number of PRACH transmissions in case of PRACH re-attempt.
Proposal 2. 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 3. If RAN1 agrees to introduce 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 4. RAN1 to remove the square brackets and agree on the proposed values for TimeOffsetBetweenStartingRO-r18
· {16, 32}, for RO groups for 8 repetitions
· {8, 16, 32}, for RO groups for 4 repetitions
· {4, 8, 16, 32}, for RO groups for 2 repetitions
· Proposal 5. Agree to the following text for adapting collision handling rules with other channels in TS 38.213 (deleted parts of the text are not reported for simplicity):
	8.1	Random access preamble
*** Unchanged parts are omitted ***
For single cell operation or for operation with contiguous carrier aggregation in a same frequency band or for operation with non-contiguous carrier aggregation in a same frequency band if the UE is not provided with intraBandNC-PRACH-simulTx-r17, a UE does not transmit PRACH and PUSCH/PUCCH/SRS in a same slot with respect to the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions or when a gap between the first or last symbol of a PRACH transmission in a first slot is separated by less than  symbols from the last or first symbol, respectively, of a PUSCH/PUCCH/SRS transmission in a second slot where  for  or 1,  for  or ,  for ,  for , and  is the smallest SCS configuration between the SCS configuration for the UL BWP with the PRACH and the SCS configuration for the UL BWP with the PUSCH/PUCCH/SRS transmissions. For a PUSCH transmission with repetition Type B, this applies to each actual repetition for PUSCH transmission [6, TS 38.214]. For a PRACH transmission with  preamble repetitions, this applies to each preamble repetition.
*** Unchanged parts are omitted ***



Proposal 6. Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in the last PRACH occasion is with reduced transmit power.
Proposal 7. Layer 1 notifies higher layers to suspend the corresponding power ramping counter when PRACH transmission in all of PRACH occasion is dropped.
Proposal 8. In the case of a feature combination including Msg3 repetitions and PRACH repetitions, define the PRACH threshold values as a function of the value of the configured threshold for Msg3 repetitions.
Proposal 9. Introduce a scaling factor into the power control adjustment state  of the Msg3 PUSCH based on the number of PRACH repetitions.
Proposal 10. Agree to the following text for definition of the PRACH repetition feature in TS 38.213 (deleted parts of the text are not reported for simplicity):
	8.1 Random access preamble
*** Unchanged parts are omitted ***
For a PRACH transmission with  preamble repetitions, a set consists of  valid PRACH occasions that are consecutive in time, use same frequency resources, and are associated with a same SS/PBCH block index(es).
*** Unchanged parts are omitted ***
Within a time period, for set(s) of  valid PRACH occasions associated with a same SS/PBCH block index(es) for a PRACH transmission with  preamble repetitions
   - 	A first PRACH occasion of a set is valid only if  subsequent valid PRACH occasions of a set can be determined within the time period.
-	if TimeOffsetBetweenStartingRO is provided, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is after TimeOffsetBetweenStartingRO consecutive valid PRACH occasions associated with same SS/PBCH block index(es) in time from the first valid PRACH occasion of the previous set 
-	otherwise, for each frequency resource index for frequency multiplexed PRACH occasions,
-	the first valid PRACH occasion of the first set is the first valid PRACH occasion 
-	the first valid PRACH occasion of subsequent sets, if any, is determined after the ROsPRACH occasions determined for the previous set according to an ordering of valid PRACH occasions
-	first, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
-	second, in increasing order of time resource indexes for time multiplexed PRACH occasions 
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