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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#111 we made the following agreements:

Agreement
For multiple PRACH transmissions with same Tx beam, support to differentiate at least between multiple PRACH transmissions and single PRACH transmissions.

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

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

Working Assumption
Simulation results for multiple PRACH transmissions with different beam(s) and same beam(s) (baseline) to be discussed in the next meeting.
· Simulation assumptions in TR 38.830 are used as the starting point for the simulation. 
· Focus on FR2.
· UE antenna configuration 2-2-2(baseline), 1-4-1(optional)
· Performance metric: 0.1% false alarm, 1% miss-detection
· Companies report the number of beams, the beam widths, beam correspondence assumption, and the boresights.
· Channel model for link-level simulation: CDL-A defined in table 7.7.1-1 in TR 38.901.
· Both that UE fulfills beamCorrespondence requirements Without UL-BeamSweeping and UE fulfils beamCorrespondence requirements With UL-BeamSweeping can be considered in the simulation are used as starting point for simulation.

Agreement
For multiple PRACH transmissions with same Tx beam, down-select one option from the following options.
· Option 1: gNB can only configure one value for the number of multiple PRACH transmissions.
· Option 2: gNB can configure one or multiple values for the number of multiple PRACH transmissions.
· FFS: details

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.

This contribution discusses some considerations on using multiple PRACH transmissions with the same beam.

2. Multiple PRACH transmissions with the same beam
2.1 Differentiating multiple PRACH transmissions from legacy PRACH
In differentiating multiple PRACH transmissions from legacy PRACH transmissions, the following options were considered in the previous meeting:

· Option 1: Multiple PRACH are transmitted with separate preamble on shared ROs.
· Option 2: Multiple PRACH are transmitted on separate ROs.
· Option 3: Partial of multiple PRACHs are transmitted with separate preamble on shared ROs, while the other multiple PRACHs are transmitted on separate ROs.

Option 1 using preamble partitioning of existing preambles leads to fewer preambles for both multiple PRACH transmission and legacy PRACH, which reduces RACH opportunities for both legacy UEs and Rel-18 UEs.  Similarly for Option 2, if the legacy (existing) ROs are partitioned to differentiate legacy and multiple PRACH transmission, this will also reduce RACH opportunities for both legacy UEs and Rel-18 UEs.  However, it may be easier to configure additional ROs than to define new sets of preambles and so Option 2 has the benefit of expanding the existing ROs to support multiple PRACH transmissions.  Hence, we have a slight preference for Option 2 assuming that the gNB can configure new ROs in addition to those used for legacy.

Proposal 1: Multiple PRACH and legacy PRACH transmissions can be differentiated using separate ROs.

Proposal 2: The gNB can configure additional ROs to support multiple PRACH transmissions.


The ROs can be configured as follows:

· 1st set of ROs for legacy PRACH transmission
· 2nd set of ROs for multiple PRACH transmissions
· 3rd set of ROs shared between legacy PRACH and multiple PRACH transmissions

Additional ROs can be defined and configured for the 2nd set of ROs used solely for multiple PRACH transmissions.  One or more of the multiple PRACH transmissions can use the 3rd set, for example, the 1st PRACH transmission of a multiple PRACH transmission can use the 3rd set.  The 3rd set is optional and up to gNB configuration, e.g. if the gNB wishes to have more ROs for legacy PRACH it can configure the 3rd set of ROs. An example is shown in Figure 1 with 16 ROs.  RO1 to RO8 are associated with SSB1 and RO9 to RO16 are associated with SSB2, and the ROs are partitioned as:

· SSB1
· 1st set of RO = {RO1, RO3, RO5, RO7}
· 2nd set of RO = {RO4, RO6, RO8}
· 3rd set of RO = {RO2}
· SSB2
· 1st set of RO = {RO10, RO12, RO13, RO15}
· 2nd set of RO = {RO11, RO14, RO16}
· 3rd set of RO = {RO9}

A UE that has selected a beam associated with SSB1 can use {RO2, RO4, RO6, RO8} for a multiple PRACH transmission with 4 repetitions, where RO2 is shared between legacy (single) PRACH transmission and multiple PRACH transmission.  Frequency hopping can be implemented for multiple PRACH transmission by using ROs with different frequency location for a subset of the multiple PRACH transmissions, for example multiple PRACH transmission with 4 repetitions can use {RO9, RO11, RO14, RO16}. 
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[bookmark: _Ref118367204]Figure 1: RO partitioning

Proposal 3: The gNB can configure 3 sets of ROs to support multiple PRACH transmissions and legacy (single) PRACH transmissions, i.e.:

· 1st set of ROs for legacy PRACH transmissions
· 2nd set of ROs for multiple PRACH transmissions
· 3rd set of ROs shared between legacy PRACH and multiple PRACH transmissions.  The 3rd set of ROs is optional.


2.2 Differentiating Multiple PRACH Repetitions
In the previous meeting, the number of multiple PRACH transmissions, i.e. PRACH repetitions considered are {1, 2, 4, 8} [2] and the following options were considered regarding the configuration of the number of repetitions in a multiple PRACH transmission:

· Option 1: gNB can only configure one value for the number of PRACHs in a multiple PRACH transmission.
· Option 2: gNB can configure one or multiple values for the number of PRACHs in a multiple PRACH transmission.


In Option 1, the gNB can only configure one value for the number of multiple PRACH transmissions, i.e. one repetition level.  This would avoid the need to differentiate between different repetition levels since differentiating between legacy PRACH and multiple PRACH transmissions is sufficient to differentiate between single PRACH transmission and multiple PRACH transmission with repetitions.  However, in a deployment where the number of PRACH repetitions required is 8 repetitions for cell edge coverage, then even for coverage that requires 2 repetitions UEs are forced to use 8 repetitions to access the network, which would be an inefficient use of resources.  

Observation 1: If gNB can only configure one value for the number of multiple PRACH transmissions, the RACH resources may not be used efficiently in a cell that has multiple coverage levels, since for any coverage levels other than those requiring single PRACH transmission, the UE has to use the highest configured number of multiple PRACH transmissions to access the network.


In Option 2, the gNB can configure multiple values for the number of PRACHs in a multiple PRACH transmission.  Here the UE can decide on which repetition level to use for its PRACH transmission based on SSB RSRP.  RAR monitoring has been discussed in previous meetings and a majority of companies support to have only one RAR window for a multiple PRACH transmission where the UE monitors for the RAR after completion of its multiple PRACH transmission.  Since the PRACH repetition level is selected by the UE, the gNB would need to know which PRACH repetition level the UE has selected so that it can transmit a RAR after the UE has completed its repetition.  Hence to implement single RAR window monitoring after completion of multiple PRACH transmissions, the ROs may need to be further partitioned to differentiate between different numbers of PRACHs in a multiple PRACH transmission, e.g. the ROs may be partitioned into 4 portions to support 4 PRACH repetition levels {1, 2, 4, 8}.  Excessive RO partitioning is not an efficient use of resources since some ROs may be underutilised and some may be overutilised.
Observation 2: If gNB can configure multiple values for the number of multiple PRACH transmissions and gNB implements a single RAR window monitoring after completion of a multiple PRACH transmission, the ROs may need to be further partitioned to differentiate between different numbers of multiple PRACH transmissions.
Observation 3: Excessive RO partitioning is not an efficient use of resources since some ROs may be underutilised while others are overutilised. Furthermore, overutilised ROs increases RACH collision probability.


To avoid partitioning the ROs to support multiple numbers of PRACHs in a multiple PRACH transmission, the RAR window can be placed after the end of the highest number of configured PRACH repetitions.  An example is shown in Figure 2, where the gNB configures 4 PRACH repetition levels or 4 different numbers of multiple PRACH transmissions, {1, 2, 4, 8}.  The different PRACH repetition levels share the same set of ROs and here the gNB would blind decode the PRACH repetition selected by the UE, e.g. the gNB can attempt to detect for a PRACH at time t1 for legacy (single) PRACH transmission, at time t2 for 2× PRACH repetitions, t3 for 4× PRACH repetitions and t4 for 8× PRACH repetitions.  This is acceptable since the number of blind decodes/detections are small.  Regardless of the number of PRACH repetitions selected by the gNB, the RAR window is located after the 8× PRACH repetitions, e.g. between time t5 to t7 and in this example the gNB sends a RAR at time t6.  If the UE selects a lower repetition level, e.g. 2× PRACH repetitions, then the UE can sleep between time t2 to t5 since it knows that the RAR window will only arrive after the ROs for 8× PRACH repetitions have passed.  Hence using this approach, the benefit of efficient use of RACH resources by having multiple numbers of multiple PRACH transmissions can be achieved without the need for ROs partitioning and also enables the implementation of a single RAR window for all numbers of multiple PRACH transmissions.
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[bookmark: _Ref127534959]Figure 2: RAR window after the end of the highest PRACH repetitions

Proposal 4: gNB can configure one or multiple values for the number of multiple PRACH transmissions (i.e. Option 2).
Proposal 5: Multiple PRACH transmissions with different numbers of PRACHs per transmission share the same set of ROs.  The gNB blind decodes for the number of PRACHs in a multiple PRACH transmission selected by the UE.
Proposal 6: The RAR window is located after the ROs for the highest configured number of multiple PRACH transmissions has passed.


2.3 Power Ramping
On the power ramping for multiple PRACH transmissions, the following options were considered in the previous meeting [2]:

· Option 1: Transmission power ramping is not applied during the multiple PRACH transmissions
· Option 2: Transmission power ramping can be applied per PRACH transmission during the multiple PRACH transmissions
 
Option 1 matches the legacy behaviour where the power is ramped up for each PRACH attempt and for multiple PRACH transmissions, a PRACH attempt consists of multiple PRACH transmissions.  Option 2 requires the UE to increase the PRACH power for each transmission within a set of multiple PRACH transmissions, which defeats the purpose of having multiple PRACH transmissions.  It is likely that a UE requiring multiple PRACH transmissions may already be transmitting close to its maximum power and so it may not have sufficient power for power ramping.  If the UE has sufficient power headroom, it could double its power and reduce the number of PRACHs in its multiple PRACH transmission to complete its PRACH transmission early and not waste RO.  Hence, we have a preference to reuse the legacy behaviour for power ramping, that is, the UE does not power ramp during a single PRACH attempt even if that attempt contains multiple PRACH transmissions.
Proposal 7: Transmission power ramping is not applied during the multiple PRACH transmissions


3. Conclusion
In this contribution, we discuss some considerations on Multiple PRACH transmissions. We observe the following:
Observation 1: If gNB can only configure one value for the number of multiple PRACH transmissions, the RACH resources may not be used efficiently in a cell that has multiple coverage levels, since for any coverage levels other than those requiring single PRACH transmission, the UE has to use the highest configured number of multiple PRACH transmissions to access the network.

Observation 2: If gNB can configure multiple values for the number of multiple PRACH transmissions and gNB implements a single RAR window monitoring after completion of a multiple PRACH transmission, the ROs may need to be further partitioned to differentiate between different numbers of multiple PRACH transmissions.
Observation 3: Excessive RO partitioning is not an efficient use of resources since some ROs may be underutilised while others are overutilised. Furthermore, overutilised ROs increases RACH collision probability.


We therefore propose the following:
Proposal 1: Multiple PRACH and legacy PRACH transmissions can be differentiated using separate ROs.

Proposal 2: The gNB can configure additional ROs to support multiple PRACH transmissions.

Proposal 3: The gNB can configure 3 sets of ROs to support multiple PRACH transmissions and legacy (single) PRACH transmissions, i.e.:

· 1st set of ROs for legacy PRACH transmissions
· 2nd set of ROs for multiple PRACH transmissions
· 3rd set of ROs shared between legacy PRACH and multiple PRACH transmissions.  The 3rd set of ROs is optional.

Proposal 4: gNB can configure one or multiple values for the number of multiple PRACH transmissions (i.e. Option 2).
Proposal 5: Multiple PRACH transmissions with different numbers of PRACHs per transmission share the same set of ROs.  The gNB blind decodes for the number of PRACHs in a multiple PRACH transmission selected by the UE.
Proposal 6: The RAR window is located after the ROs for the highest configured number of multiple PRACH transmissions has passed.
Proposal 7: Transmission power ramping is not applied during the multiple PRACH transmissions
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