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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
Multiple PRACH transmissions with same beam
According to the following agreements achieved in the past two meetings, only one RAR window is supported for RAR monitoring and the starting point of the RAR window is after the last symbol of the last valid RO in the RO group corresponding to the multiple PRACH transmissions [2][3].
	Agreement
For multiple PRACH transmissions with same Tx beam, only one RAR window is supported for RAR monitoring for one RACH attempt.
· FFS: the start position of the RAR window.
· FFS: RA-RNTI.
Agreement
The starting point of RAR window is after the last symbol of the last valid RO in the RO group corresponding to the multiple PRACH transmissions.
Note: Valid RO(s) refers to what is defined in existing specification, i.e., Section 8.1 in TS 38.213.
Note: The last valid RO is irrespective of whether the PRACH transmission on the last valid RO in the RO group is dropped or not



A remaining issue is the determination of the RA-RNTI. In Rel-17, the RA-RNTI is determined based on time and frequency location of PRACH as follows [4].
	The RA-RNTI associated with the PRACH occasion in which the Random Access Preamble is transmitted, is computed as:
	RA-RNTI = 1 + s_id + 14 × t_id + 14 × 80 × f_id + 14 × 80 × 8 × ul_carrier_id
where s_id is the index of the first OFDM symbol of the PRACH occasion (0 ≤ s_id < 14), t_id is the index of the first slot of the PRACH occasion in a system frame (0 ≤ t_id < 80), where the subcarrier spacing to determine t_id is based on the value of μ specified in clause 5.3.2 in TS 38.211 [8] for μ = {0, 1, 2, 3}, and for μ = {5, 6}, t_id is the index of the 120 kHz slot in a system frame that contains the PRACH occasion (0 ≤ t_id < 80), f_id is the index of the PRACH occasion in the frequency domain (0 ≤ f_id < 8), and ul_carrier_id is the UL carrier used for Random Access Preamble transmission (0 for NUL carrier, and 1 for SUL carrier).



Considering that the RAR message is in response to multiple PRACH transmissions in multiple ROs, a reference RO can be used to calculate the RA-RNTI for multiple PRACH transmissions. Furthermore, given that the RAR window is after the last valid RO, it is more natural to use the last valid PRACH occasion in the RO group corresponding to the multiple PRACH transmissions as the reference RO.
Proposal 1: RA-RNTI is calculated based on the last valid PRACH occasion in the RO group corresponding to the multiple PRACH transmissions.

UE can perform multiple attempts during a RACH procedure. For multiple PRACH transmissions, in addition to the determination of SSB/CSI-RS and the power for each RACH attempt, it needs to be discussed how to determine the number of PRACH repetitions for each RACH attempt. 
Firstly, we analyze the above UE behaviors in the first RACH attempt in a RACH procedure. 
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 study whether to introduce a separate lower RSRP threshold for SSB/CSI-RS determination for PRACH repetitions.
Proposal 2: 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.
· FFS: whether to introduce separate RSRP thresholds for SSB/CSI-RS selection for PRACH repetitions from legacy PRACH transmission without repetition.

	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.
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



It has been agreed that at least SSB-RSRP threshold(s) are used to determine the number of PRACH transmissions for the first RACH attempt in RAN1#111 meeting [5]. It should be noted that the number of PRACH transmission determined in the first RACH attempt includes both single PRACH transmission and multiple PRACH transmissions. In our opinion, there is no need to use other measured/computed metrics or conditions to determine the number of PRACH transmissions, e.g. the maximum transmission power is compulsorily applied for multiple PRACH transmissions in the first RACH attempt. According to the current specification, transmission power for PRACH is determined by the minimal value between the UE configured maximum output power and the sum of PRACH target reception power and downlink pathloss [6]. 
	[image: ] [dBm]
Meanwhile, the number of PRACH transmissions is determined based on the comparison between RSRP of downlink pathloss reference and RSRP threshold provided by gNB. Therefore, gNB can configure RSRP thresholds in a way such that maximum transmission power is used for single PRACH transmission, if needed. Hence, it is not necessary to enforce in the specification that UE cannot use multiple PRACH transmissions until reaching the maximum transmission power.
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. 
In addition, considering multiple values for the number of multiple PRACH transmissions are supported in a serving cell [2], separate RSRP thresholds should be provided by gNB for UE to determine the number of PRACH repetitions.
Proposal 3: 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 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 4: For CFRA triggered by PDCCH order, the number of PRACH transmissions is indicated by the PDCCH order at least for the first RACH attempt.

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 [4][6]. 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 5: 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 PRACH transmission includes both single PRACH transmission and multiple PRACH transmissions.

Msg3 PUSCH repetition has been supported in Rel-17 to improve the coverage of Msg3 PUSCH. According to the simulation results in [8], 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 6: 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 7: The RSRP threshold(s) for PRACH repetition request should be separate from that for Msg3 repetition request.

Multiple PRACH transmitted on separate ROs or with separate preambles on shared ROs have been supported in the last meeting. The details on how to realize PRACH resource partitioning is up to RAN2 [3]. We discuss the remaining issues on determination of ‘RO group’ below.
In our opinion, a RO group can be implicitly derived from network configuration. In general, the following options can be considered.
· Option 1: Every K consecutive ROs associated with a same SSB, starting from frame 0, are a RO group for multiple PRACH transmissions with repetition number of K associated with the SSB.
· Option 2: Every K consecutive ROs associated with a same SSB, starting from an association period for multiple PRACH transmissions, are a RO group for multiple PRACH transmissions with repetition number of K associated with the SSB. There is at least one RO group for each SSB within an association period for multiple PRACH transmissions.
· Option 3: Every K consecutive ROs associated with a same SSB, starting from an association period for multiple PRACH transmissions, are a RO group for multiple PRACH transmissions with repetition number of K associated with the SSB. There is at least one RO group for each SSB within an association period for multiple PRACH transmissions. An association pattern period for multiple PRACH transmissions includes one or more association periods for multiple PRACH transmissions and the pattern between RO groups and SSBs repeats across association pattern periods.
The idea of Option 1 is to use the valid RO for multiple PRACH transmissions as much as possible. No association period or association pattern period is defined for multiple PRACH transmissions. Furthermore, for shared RO, in order to reuse the legacy SSB-to-RO mapping pattern for single PRACH transmission, only the ROs mapped to SSBs for single PRACH transmission are used. Examples are shown in Figure 1(a) for separate ROs and Figure 2(b) for shared RO with two SSBs and two repetitions. 
For Option 2, association period is defined for multiple PRACH transmissions. For separate ROs and shared RO, the association period can be different. To be specific, for separate ROs, the association period is the smallest integer number of PRACH configuration periods such that there is at least one RO group for each SSB within the association period for multiple PRACH transmission. An example is shown in Figure 1(b). The first association period for multiple PRACH transmissions consists of two PRACH configuration periods during which the last three valid ROs are not mapped to any SSB for multiple PRACH transmissions. Two consecutive ROs associated with a same SSB within the association period for multiple PRACH transmissions are bundled as a RO group. 
For shared RO, the association period is the smallest integer number of association periods or association pattern periods for single PRACH transmission such that there is at least one RO group for each SSB within the association period for multiple PRACH transmission as shown in Figure 2(c) and Figure 2(d), respectively. The determination of association period and association pattern period for single PRACH transmission according to existing specification is shown in Figure 2(a). In Figure 2(c), the first association period for multiple PRACH transmissions consists of two association periods for single PRACH transmission during which the last two valid ROs are excluded in the determination of RO group. Two consecutive ROs associated with a same SSB within the association period for multiple PRACH transmissions are bundled as a RO group. In Figure 2(d), the time duration of an association period for multiple PRACH transmissions is that of an association pattern period for single PRACH transmission, during which the first six valid ROs mapped to a same SSB are bundled as three RO groups and the last valid RO mapped to the same SSB is remained.
For Option 3, on top of Option 2, association pattern period is defined for multiple PRACH transmissions, which is similar as the association pattern period for single PRACH transmission. An example is shown in Figure 1(c) for separate ROs. An association pattern period for multiple PRACH transmissions consists of three association periods for multiple PRACH transmissions. Valid ROs in the sixth PRACH configuration period are not mapped to any SSB for multiple PRACH transmissions to ensure the repeated pattern for association periods. Every two consecutive ROs associated with a same SSB within an association pattern period for multiple PRACH transmissions are bundled as a RO group. Note that for shared RO, in case the association period for multiple PRACH transmission is defined with respect to association pattern period for single PRACH transmission, the pattern between RO groups and SSBs within each association period is expected to repeat, i.e. the association pattern period is one association period for multiple PRACH transmission. Hence, the example is the same as that in Figure 2(d). Otherwise, an example is shown in Figure 2(e) in case the association period for multiple PRACH transmission is defined with respect to association period for single PRACH transmission. An association pattern period consists of two association periods for multiple PRACH transmissions and two consecutive ROs associated with a same SSB within each association period are bundled as a RO group.


[bookmark: _Ref134533379]Figure 1: The determination of the RO groups for separate ROs



[bookmark: _Ref134953871][bookmark: _GoBack]Figure 2: The determination of the RO groups for separate ROs
In summary, for multiple PRACH transmissions on both separate ROs and shared ROs, Option 1 can utilize maximum number of the valid ROs in time domain for multiple PRACH transmissions to avoid PRACH resource waste at the cost of complexity on the determination of RO group compared with Option 2 and Option 3. On the other hand, the association pattern period in Option 3 can be directly reused to duplicate the mapping pattern between SSB indexes and RO groups, which facilitates the determination of transmission resources for PRACH repetitions corresponding to a specific SSB index. There is a tradeoff between efficiency and complexity for down selection.
Proposal 8: For multiple PRACH transmissions with same Tx beam, the determination of the RO group can down select from the following three options:
· Option 1: Every K consecutive ROs associated with a same SSB, starting from frame 0, are a RO group for multiple PRACH transmissions with repetition number of K associated with the SSB.
· Option 2: Every K consecutive ROs associated with a same SSB, starting from an association period for multiple PRACH transmissions, are a RO group for multiple PRACH transmissions with repetition number of K associated with the SSB. There is at least one RO group for each SSB within an association period for multiple PRACH transmissions.
· Option 3: Every K consecutive ROs associated with a same SSB, starting from an association period for multiple PRACH transmissions, are a RO group for multiple PRACH transmissions with repetition number of K associated with the SSB. There is at least one RO group for each SSB within an association period for multiple PRACH transmissions. An association pattern period for multiple PRACH transmissions includes one or more association periods for multiple PRACH transmissions and the pattern between RO groups and SSBs repeats across association pattern periods.

Further, if multiple PRACH transmissions with different repetition number are transmitted on shared ROs, the periodicity of RO groups should be determined in a time period corresponding to the largest repetition level configured in a serving cell. In opposite, the periodicity of RO groups should be determined in separate time periods corresponding to different repetition level when multiple PRACH transmissions with different repetition number are transmitted on separate ROs.
Proposal 9: Whether the same time period X is applied to all the configured number(s) of multiple PRACH transmissions based on the resource partitioning between different numbers of multiple PRACH transmissions.
In addition, the starting RBs of ROs within an RO group are the same at different time instances in Figure 1. Another example is shown in Figure 3. A RO group still includes every N consecutive valid ROs mapped to the same SSB index, e.g. two repetitions in RO#0 and RO#3.


[bookmark: _Ref134637729]Figure 3: Illustration of different starting RBs of ROs in an RO group
It can be observed that the starting RB of ROs within an RO group are naturally different at different time instances without configuring frequency offset due to the number of SSB indexes not being an integer multiple of PRACH transmission occasions in frequency domain. Frequency diversity gain is achieved without additional specification impact. Whether this case can be supported needs further discussion.
Proposal 10: Further study whether the starting RB of ROs within an RO group can be different at different time instances.

Another issue is to determine rules causing to drop PRACH transmissions. The following proposal was discussed in the last meeting [7].
	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 11: 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.

Multiple PRACH transmissions with different beams
Potential use cases for multiple PRACH transmissions with different beams have been discussed in the past few meeting and the latest conclusion was achieved in the last meeting [2].
	Conclusion
For multiple PRACH transmissions within one RACH attempt, they are only transmitted over ROs associated with the same SSB/CSI-RS.
Note: This applies for multiple PRACH transmissions with same Tx beam, and also applies for multiple PRACH transmissions with different Tx beam (if supported).



Indeed, two different implementations can be considered for different beams associated with the same SSB/CSI-RS. One is to assume that different beams are narrower beams corresponding to a same SSB beam. Another is to assume that the direction of UE transmitting beam is slightly different from that of gNB receiving beam. In this condition, the actual beam direction of different beams is based on UE implementation, i.e. fine tune the whole beam direction corresponding to a same SSB beam. Regardless, the target use case and potential benefit for PRACH coverage enhancement should be provided.
In general, the benefit and target scenario of multiple PRACH transmissions with different beams is unclear for us, which should be provided to justify the support of multiple PRACH transmissions with different beams.
Proposal 12: The benefit and target scenario of multiple PRACH transmissions with different beams should be provided to justify the support of multiple PRACH transmissions with different beams.
Conclusion
In this contribution, we share our views on PRACH coverage enhancement. The proposals are summarized as follows:
Proposal 1: RA-RNTI is calculated based on the last valid PRACH occasion in the RO group corresponding to the multiple PRACH transmissions.
Proposal 2: 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.
· FFS: whether to introduce separate RSRP thresholds for SSB/CSI-RS selection for PRACH repetitions from legacy PRACH transmission without repetition.
Proposal 3: 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 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 4: 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 5: 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 PRACH transmission includes both single PRACH transmission and multiple PRACH transmissions.
Proposal 6: If PRACH repetitions are triggered, Msg3 PUSCH repetition is enabled.
Proposal 7: The RSRP threshold(s) for PRACH repetition request should be separate from that for Msg3 repetition request.
Proposal 8: For multiple PRACH transmissions with same Tx beam, the determination of the RO group can down select from the following three options:
· Option 1: Every K consecutive ROs associated with a same SSB, starting from frame 0, are a RO group for multiple PRACH transmissions with repetition number of K associated with the SSB.
· Option 2: Every K consecutive ROs associated with a same SSB, starting from an association period for multiple PRACH transmissions, are a RO group for multiple PRACH transmissions with repetition number of K associated with the SSB. There is at least one RO group for each SSB within an association period for multiple PRACH transmissions.
· Option 3: Every K consecutive ROs associated with a same SSB, starting from an association period for multiple PRACH transmissions, are a RO group for multiple PRACH transmissions with repetition number of K associated with the SSB. There is at least one RO group for each SSB within an association period for multiple PRACH transmissions. An association pattern period for multiple PRACH transmissions includes one or more association periods for multiple PRACH transmissions and the pattern between RO groups and SSBs repeats across association pattern periods.
Proposal 9: Whether the same time period X is applied to all the configured number(s) of multiple PRACH transmissions based on the resource partitioning between different numbers of multiple PRACH transmissions.
Proposal 10: Further study whether the starting RB of ROs within an RO group can be different at different time instances.
Proposal 11: 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 12: The benefit and target scenario of multiple PRACH transmissions with different beams should be provided to justify the support of multiple PRACH transmissions with different beams.
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