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In RAN#94-e meeting, the following objective was approved to specify coverage enhancement for PRACH [1].
	· 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.


In this contribution, we provide our views on different aspects of multiple PRACH transmissions.
Discussion
SSB selection
In existing NR specifications, UE selects an SSB/CSI-RS by comparing the SS-RSRP/CSI-RSRP with a threshold provided by gNB. To be specific, if at least one of the SSBs/CSI-RSs with SS-RSRP/CSI-RSRP above rsrp-ThresholdSSB/rsrp-ThresholdCSI-RS provided by gNB is available, UE selects an SSB/CSI-RS with SS-RSRP/CSI-RSRP above rsrp-ThresholdSSB/rsrp-ThresholdCSI-RS. Otherwise, UE selects any SSB/CSI-RS. The same approach can be applied for the first RACH attempt for multiple PRACH transmissions. Considering that the SS-RSRPs/CSI-RSRPs are relatively small in case of limited coverage, there may be no SSB/CSI-RS with SS-RSRP/CSI-RSRP above the threshold if legacy rsrp-ThresholdSSB/rsrp-ThresholdCSI-RS are used for SSB/CSI-RS selection. Then, any SSB/CSI-RS can be selected by UE including SSBs/CSI-RSs with worse performance among all of the SSBs/CSI-RSs. Hence, it is proposed to introduce a separate lower RSRP threshold for SSB/CSI-RS determination for PRACH repetitions.
Proposal 1: For multiple PRACH transmissions with same beam, at least for the first RACH attempt in a RACH procedure, SSB/CSI-RS is selected based on SSB/CSI-RS RSRP thresholds as in existing specifications.
· Introduce separate RSRP thresholds for SSB/CSI-RS selection for PRACH repetitions from legacy PRACH transmission without repetition.

Determination of the number of multiple PRACH transmissions
	Proposal suggested in 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 RAN1#113, how the UE determines whether to perform single PRACH transmission or multiple PRACH transmissions for the first RACH attempt was discussed and Proposal 7-1 v5 was provided in FL summary [2]. According to the following agreement achieved in RAN2#121bis-e meeting [3], multiple PRACH transmissions are not supported in subsequent RACH attempt(s) if single PRACH transmission is selected in the first RACH attempt. If a UE has to perform single PRACH transmission as long as the UE has not reached maximum transmission power, a UE with small power headroom may fail to access due to the limited power ramping. Hence, in our opinion, there is no need to determine whether to perform single PRACH transmission or multiple PRACH transmissions based on whether UE reaches maximum transmission power.
	Agreements
· General assumption is that various feature combinations can be configured (which is up to network implementation), unless explicitly specified otherwise

· RAN2 will not support the fallback from legacy RA to Msg1 repetition and vice versa; Other fall back scenarios are FFS



Furthermore, the SSB-RSRP threshold(s) used to determine the number of PRACH transmissions should be separate from the SSB-RSRP threshold(s) used for SSB selection, which is similar as that introduced in Msg3 PUSCH enhancement to determine whether to trigger Msg3 PUSCH repetition. 
Proposal 2: For multiple PRACH transmissions with same beam, at least for the first RACH attempt, only SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions, and determine single PRACH transmission or multiple PRACH transmissions for CBRA.
· SSB-RSRP threshold(s) for determination of number of PRACH transmissions are separately configured from the SSB-RSRP threshold(s) for SSB selection.
For CFRA triggered by PDCCH order, the number of PRACH transmissions can be potentially indicated in the PDCCH order using the reserved bits.
Proposal 3: For CFRA triggered by PDCCH order, the number of PRACH transmissions is indicated by the PDCCH order at least for the first RACH attempt.

Multiple PRACH transmissions and re-transmissions
Next, we analyze the UE behaviors in the subsequent RACH attempt(s) except the first attempt in a RACH procedure. A straightforward way is to perform the selection of SSB/CSI-RS and determination of number of PRACH transmission independently in each RACH attempt as for the first RACH attempt. However, power ramping is applied only when UE does not change the spatial domain transmission filter and SSB compared with the last RACH attempt. Then, the application of power ramping would be limited since power ramping cannot be applied as long as the SSB and/or the number of PRACH transmission changes compared with that in the last RACH attempt. To avoid the limitation, an alternative approach is to keep the number of PRACH transmission and SSB/CSI-RS unchanged and apply power ramping first if a RACH attempt fails until a certain condition is met, e.g. the PRACH transmission power exceeds the maximum transmission power, or the number of RACH attempts reaches a threshold etc. After that, the number of PRACH transmission increases to a next larger number of PRACH repetitions configured in the cell to improve the success probability of random access. In addition, the PRACH transmission power needs to be re-calculated in case the number of PRACH transmission changes. 
Proposal 4: For subsequent RACH attempt(s), power ramping should be applied first while the number of PRACH transmission and SSB/CSI-RS are kept unchanged until a certain condition is met.
· The number of multiple PRACH transmissions is increased to a next larger number if the certain condition is met.

Interaction with other transmissions 
Msg3 PUSCH repetition has been supported in Rel-17 to improve the coverage of Msg3 PUSCH. According to the simulation results in [1], the coverage performance of PRACH is better than that of Msg3 PUSCH. In other words, if coverage of PRACH is an issue, coverage of Msg3 PUSCH would be an issue as well. Therefore, from coverage perspective, if PRACH repetitions are triggered for PRACH coverage improvement, Msg3 PUSCH repetitions should also be enabled. This could also simplify the interaction between PRACH repetitions and Msg3 PUSCH repetitions, since there is no need to distinguish between the two cases of Msg3 PUSCH with repetitions and Msg3 PUSCH without repetition in case PRACH repetitions are triggered, which avoids further PRACH partitioning. In addition, even if the Msg3 PUSCH repetitions are always enabled if PRACH repetitions are triggered, four candidate numbers of Msg3 repetitions including the value ‘1’ representing no Msg3 PUSCH repetition can be dynamically indicated by gNB. Hence, it is still up to gNB to decide whether to perform Msg3 PUSCH repetitions.
Proposal 5: If PRACH repetitions are triggered, Msg3 PUSCH repetition is enabled.
On the other hand, when coverage of Msg3 PUSCH is an issue, coverage of PRACH may not be an issue. Hence, the RSRP threshold(s) for PRACH repetition request should be separate from that for Msg3 repetition request.
Proposal 6: The RSRP threshold(s) for PRACH repetition request should be separate from that for Msg3 repetition request.

RO group determination based on legacy SSB to RO mapping
The following agreement on RO group determination has been achieved in RAN1#113 meeting [4]. We discuss the remaining issues below.
	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.



In this section, the discussions on the RO group are based on the legacy SSB to RO mapping pattern. The first remaining issue is the determination of RO group for each number of multiple PRACH transmissions. In our opinion, a RO group can be implicitly derived from network configuration. After all SSB indexes are mapped to valid PRACH occasions based on the legacy mapping rule, there will be three cases as follows:
· Case 1: At most one valid RO associated with same SSB index at a time instance.
· Case 2: Multiple valid ROs associated with same SSB index at a time instance
· Case 2-1: Same number of ROs associated with a same SSB index at different time instances with same frequency location
· Case 2-2: Different numbers of ROs associated with a same SSB index at different time instances
For Case 1, regardless of whether the frequency positions of the ROs associated with the same SSB index at different time instances are the same or not as shown in Figure 1, every N nearest ROs in time domain associated with a same SSB index within time period X are a RO group for multiple PRACH transmissions with repetition number of N associated with the SSB.


[bookmark: _Ref141864697]Figure 1: At most one valid RO associated with same SSB index at a time instance

For Case 2-1, considering that multiple PRACH transmissions within one RACH attempt located at same time instance is not supported, FDMed ROs associated with the same SSB index and located at the same time instance should belong to separate RO groups respectively. There are two ROs associated with a same SSB index at a time instance in each of the following illustrations with different numbers of SSB indexes associated with one PRACH occasion provided by ssb-perRACH-OccasionAndCB-PreamblesPerSSB as shown in Figure 2 and Figure 3. Every N nearest ROs in time domain associated with a same SSB index with same frequency location within time period X are a RO group for multiple PRACH transmissions with repetition number of N associated with the SSB.


[bookmark: _Ref141881132]Figure 2: The value of ssb-perRACH-Occasion is less than 1



[bookmark: _Ref141882464]Figure 3: The value of ssb-perRACH-Occasion is equal to or larger than 1
For Case 2-2, an example is shown in Figure 4. Considering the determination of RO group is complicated and may lead to different transmission delays for the same number of PRACH transmissions using different RO groups, we propose that such PRACH configurations in Case 2-2 should be avoided.


[bookmark: _Ref141888831]Figure 4: Different numbers of ROs at adjacent time instances
Proposal 7: For multiple PRACH transmissions with same Tx beam, a RO group is implicitly determined by PRACH configurations. If legacy SSB-to-RO mapping is reused, a RO group is determined as follows.
· If there is at most one valid RO associated with a same SSB index at a time instance, every N nearest ROs in time domain associated with a same SSB index within time period X are a RO group for multiple PRACH transmissions with repetition number of N associated with the SSB.
· If there are same number of multiple valid ROs associated with a same SSB index at different time instances with same frequency locations, every N nearest ROs in time domain associated with a same SSB index with same frequency location within time period X are a RO group for multiple PRACH transmissions with repetition number of N associated with the SSB.
· Other PRACH configurations are avoided by gNB configuration for multiple PRACH transmissions.

Further, we discuss the determination of the number of SSB-to-RO association pattern period within the time period X. There are three options proposed in the last meeting. For Option 1, the value of K should be explicitly configured for multiple PRACH transmissions, which increases RRC overhead. Correspondingly, gNB has the maximum flexibility on the configuration of value K.
For Option 2, the value of K is implicitly determined based on the PRACH configuration. A simplest way is that K is the minimum value to ensure that all SSB indexes mapped to at least once to the RO groups within K SSB-to-RO association pattern periods as shown in Figure 5. 


[bookmark: _Ref142657158]Figure 5: At least one RO group for each SSB index within time period X
Further, in order to maximize the utilization of RACH resources, the value of K can also be determined by ensuring that there is no remaining RO which cannot be included in a RO group within K SSB-to-RO association pattern periods as shown in Figure 6.


[bookmark: _Ref142657169]Figure 6: No remaining RO excluded from a RO group within time period X
 In addition, if multiple PRACH transmissions with different repetition number are transmitted on shared RO, a same value K can be configured or determined. Otherwise, different numbers of multiple PRACH transmissions would have separate values of K. 
For Option 3, it is difficult to specify a fixed value for all number of multiple PRACH transmissions under different PRACH configurations. In addition, using a fixed value for all number of multiple PRACH transmissions has poor flexibility compared with Option 1 and Option 2. Hence, we propose to implicitly determine the number of SSB-to-RO association pattern periods K within the time period X.
Proposal 8: The number of SSB-to-RO association pattern periods K within the time period X is implicitly determined based on predefined rule.
· Alt 1: K is the minimum value to ensure that all SSB indexes mapped to at least once to the RO groups within K SSB-to-RO association pattern periods.
· Alt 2: K is minimum value to ensure that there are no remaining RO(s) which cannot be included in a RO group within K SSB-to-RO association pattern periods.
Another issue is to determine rules causing to drop PRACH transmissions. The following proposal was discussed in the last meeting [4].
	Proposal
If one or more PRACH transmission(s) of the multiple PRACH transmission in one RACH attempt are dropped based on the rules causing to drop PRACH transmission in existing spec., the dropped PRACH transmission is not postponed.
· FFS: whether to introduce new rules causing to drop PRACH transmission.
· FFS: whether there is standard impact if of the dropped RACH transmission affect the remaining RACH transmission within the same RO group.



In our opinion, when a PRACH transmission is dropped based on the rules in exiting specification, the dropped PRACH transmission needs to be counted in the multiple PRACH transmissions in one RACH attempt. However, it is not necessary to introduce new rules causing to drop PRACH transmission, e.g. due to the collision between valid ROs for multiple PRACH transmissions and other existing ROs for legacy single PRACH transmission or other features, since the collision between valid ROs for legacy single PRACH transmission and other features supported in Rel-17 has existed due to the additional RACH configuration.
In addition, similar as the current dropping of PUSCH/PUCCH repetitions which has no impact on the remaining repetitions, the dropped PRACH transmission is not expected to affect the remaining RACH transmission within the same RO group.
Proposal 9: If one or more PRACH transmission(s) of the multiple PRACH transmission in one RACH attempt are dropped based on the rules causing to drop PRACH transmission in existing spec., the dropped PRACH transmission is not postponed.
· It is not necessary to introduce new rules causing to drop PRACH transmission.

SSB-to-RO mapping 
In RAN1#113 meeting, it was agreed to determine the SSB-to-RO mapping pattern for multiple PRACH transmissions on separate ROs by selecting one of the following options.
	Agreement
· For multiple PRACH transmissions on separate ROs, down-select one of the following options:
· Option 1: SSB-to-RO group mapping is introduced.
· Option 2: Reuse legacy SSB to RO mapping rule



In our opinion, longer latency and/or configuration restrictions are existed if legacy SSB to RO mapping rule is reused. Concretely, non-consecutive ROs associated with the same SSB index in time domain may lead to longer latency as an example shown in Figure 7 with eight SSBs and four repetitions. 


[bookmark: _Ref141432484]Figure 7: Illustration of non-consecutive ROs associated with SSB index#2
In order to transmit PRACH repetitions during a shorter period, there are configuration restrictions, e.g. the number of candidate SSBs is equal to the value of msg1-FDM as shown in Figure 8. However, the maximum value of msg1-FDM is 8 while at most 64 SSBs can be configured in FR2. Consecutive ROs associated with the same SSB index in time domain cannot be achieved when large number of candidate SSBs is configured as shown in Figure 9.


[bookmark: _Ref141432643]Figure 8: Illustration of consecutive ROs associated with SSB index#2


[bookmark: _Ref141433180]Figure 9: Illustration of non-consecutive ROs associated with the same SSB due to excessive SSBs
In addition, considering the case that different numbers of ROs associated with the same SSB index in frequency domain at each time instances as shown in Figure 4 would improve the complexity of RO group determination, such configurations should be avoided.
Hence, SSB-to-RO group mapping pattern can be introduced in response to the drawbacks of reusing legacy SSB to RO mapping rule analyzed above. In general, the current mapping rule is applied in the unit of RO group instead of single PRACH occasion, which can minimize the impact on the specification. If there is only one number of multiple PRACH transmissions supported in the RACH resource, e.g. multiple PRACH transmissions with different repetition numbers are transmitted on separate ROs, the mapping unit is the RO group corresponding to the number of multiple PRACH transmissions. An example is shown as in Figure 10 with four repetitions supported in the RACH resource.


[bookmark: _Ref141450911]Figure 10: SSB to RO group mapping in case one repetition number supported
On the other hand, if there are more than one numbers of multiple PRACH transmissions supported in the RACH resource, e.g. multiple PRACH transmissions with different repetition numbers are transmitted on shared RO, the mapping unit is the RO group corresponding to the maximum number of multiple PRACH transmissions. An example is shown as in Figure 11 with both two repetitions and four repetitions supported in the RACH resource.


[bookmark: _Ref141453153]Figure 11: SSB to RO group mapping in case more than one repetition numbers supported
Further, the determination of association period and association pattern period are also based on the unit of RO group instead of single PRACH occasion. Then, for multiple PRACH transmissions on separate ROs, the time period X is an association pattern period for multiple PRACH transmissions.
Proposal 10: The current mapping rule is applied in the unit of RO group instead of single PRACH occasion for multiple PRACH transmissions on separate ROs.
· The mapping unit is the RO group corresponding to the maximum number of multiple PRACH transmissions supported in the RACH resource.

Conclusion
In this contribution, we share our views on PRACH coverage enhancement. The proposals are summarized as follows:
Proposal 1: For multiple PRACH transmissions with same beam, at least for the first RACH attempt in a RACH procedure, SSB/CSI-RS is selected based on SSB/CSI-RS RSRP thresholds as in existing specifications.
· Introduce separate RSRP thresholds for SSB/CSI-RS selection for PRACH repetitions from legacy PRACH transmission without repetition.
Proposal 2: For multiple PRACH transmissions with same beam, at least for the first RACH attempt, only SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions, and determine single PRACH transmission or multiple PRACH transmissions for CBRA.
· SSB-RSRP threshold(s) for determination of number of PRACH transmissions are separately configured from the SSB-RSRP threshold(s) for SSB selection.
Proposal 3: For CFRA triggered by PDCCH order, the number of PRACH transmissions is indicated by the PDCCH order at least for the first RACH attempt.
Proposal 4: For subsequent RACH attempt(s), power ramping should be applied first while the number of PRACH transmission and SSB/CSI-RS are kept unchanged until a certain condition is met.
· The number of multiple PRACH transmissions is increased to a next larger number if the certain condition is met.
Proposal 5: If PRACH repetitions are triggered, Msg3 PUSCH repetition is enabled.
Proposal 6: The RSRP threshold(s) for PRACH repetition request should be separate from that for Msg3 repetition request.
Proposal 7: For multiple PRACH transmissions with same Tx beam, a RO group is implicitly determined by PRACH configurations. If legacy SSB-to-RO mapping is reused, a RO group is determined as follows.
· If there is at most one valid RO associated with a same SSB index at a time instance, every N nearest ROs in time domain associated with a same SSB index within time period X are a RO group for multiple PRACH transmissions with repetition number of N associated with the SSB.
· If there are same number of multiple valid ROs associated with a same SSB index at different time instances with same frequency locations, every N nearest ROs in time domain associated with a same SSB index with same frequency location within time period X are a RO group for multiple PRACH transmissions with repetition number of N associated with the SSB.
· Other PRACH configurations are avoided by gNB configuration for multiple PRACH transmissions.
Proposal 8: The number of SSB-to-RO association pattern periods K within the time period X is implicitly determined based on predefined rule.
· Alt 1: K is the minimum value to ensure that all SSB indexes mapped to at least once to the RO groups within K SSB-to-RO association pattern periods.
· Alt 2: K is minimum value to ensure that there are no remaining RO(s) which cannot be included in a RO group within K SSB-to-RO association pattern periods.
Proposal 9: If one or more PRACH transmission(s) of the multiple PRACH transmission in one RACH attempt are dropped based on the rules causing to drop PRACH transmission in existing spec., the dropped PRACH transmission is not postponed.
· It is not necessary to introduce new rules causing to drop PRACH transmission.
Proposal 10: The current mapping rule is applied in the unit of RO group instead of single PRACH occasion for multiple PRACH transmissions on separate ROs.
· The mapping unit is the RO group corresponding to the maximum number of multiple PRACH transmissions supported in the RACH resource.
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