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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
A WI to further enhance NR coverage has been agreed [1] and one of the objectives is:
· 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.

This contribution discusses some considerations on using multi PRACH transmissions.

2. Discussions

2.1 Resources for Multi PRACH Transmissions
In the legacy system, PRACH is transmitted using RACH Occasions (RO) which reside in PRACH slots and are configured by the network, where each RO is used for a single PRACH transmission including PRACH with repetitive preambles.  For multi PRACH transmission, we should continue to use one PRACH transmission per RO, where each transmission of a Multi PRACH transmissions is transmitted in a different RO.  This would avoid having to specify new types of ROs, e.g. one that occupy several PRACH slots thereby reducing specs impact.

Proposal 1: Each transmission in a multi PRACH transmission is transmitted in a different RACH Occasion.  


The Multi PRACH transmissions can be differentiated from the legacy single PRACH transmission via RO partitioning.  This can be done by partitioning the legacy set of ROs into two subsets where the first subset of ROs is used for Single PRACH transmission and the second subset is used for Multi PRACH transmissions.  An example is shown in Figure 1, where 16 ROs are configured over two PRACH slots, where half of the RO resources {RO1, RO3, RO5, RO7, RO10, RO12, RO13, RO15} are used for Single PRACH transmission and the other half of the RO resources {RO2, RO4, RO6, RO8, RO9, RO11, RO14, RO16} are used for Multi PRACH transmissions.  RO1 to RO8 can be associated with one SSB, e.g. SSB1 whilst RO9 to RO16 can be associated with another SSB, e.g. SSB2.  If a Message 1 with 4 PRACH transmissions that is associated with SSB1 can therefore start its transmissions in RO2 and transmit its remaining transmission in RO4, RO6 and RO8.  Frequency hopping can be achieved for example by starting a 4 PRACH transmission using RO9, RO11, RO14 and RO16.
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[bookmark: _Ref115445387]Figure 1: RACH Occasions partitioning

The ROs configured for multi PRACH transmissions need not exclusively be reserved just for multi PRACH transmissions, some of them can be used also for single PRACH transmission.  For example, the ROs that are used for the 1st PRACH transmission of a multi PRACH transmission can also be used for a single PRACH transmission.  This enables some ROs to be shared between single and multiple PRACH transmissions.

Instead of partitioning the existing ROs for single and multi PRACH transmissions, a separate set of ROs that is different to those used for legacy (single) PRACH transmissions, can be configured for multi PRACH transmissions, where the ROs for the start (i.e. first) PRACH transmission are clearly defined.  

It is also possible that some of the legacy ROs can be used for part of the multi PRACH transmission and the remaining transmissions are transmitted in a new configured set of ROs.  An example is shown in Figure 2, where legacy ROs are labelled as RO and the separate (new) configured ROs are labelled as MOs (for Multi RACH Occasions).  For a Message 1 with 4 PRACH transmissions, the first transmission is a legacy RO, i.e., RO2 and the remaining 2nd, 3rd and 4th transmissions use separate configured ROs, in MO1, MO4 and MO5 respectively, which also provides frequency hopping. 
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[bookmark: _Ref115446392]Figure 2: Separate set of ROs for some multi PRACH transmission

Proposal 2: Legacy Single PRACH transmission and Multi PRACH transmissions are differentiated using different set of RACH Occasions, this can be done by:
· Partitioning the existing legacy RACH Occasions for Single and Multi PRACH transmissions or
· Configuring a separate (new) set of RACH Occasions for Multi PRACH transmissions

Proposal 3: Some of the RACH Occasions used for Multi PRACH transmissions can also be used for Single PRACH transmission, e.g. the RACH Occasion for the 1st PRACH transmission of a Multi PRACH transmission can also be used for Single PRACH transmission.



2.2 RAR Monitoring
For the legacy Single PRACH transmission, the UE monitors for a RAR after the PRACH transmission in a RAR Window that starts in the first available PDCCH Type 1 CSS.  A similar mechanism is used for PRACH with repetitions in eMTC, where the UE starts to monitor for a RAR after all the PRACH repetitions for Message 1 are completed.  This approach requires that all PRACH repetitions/transmissions are completed before it can monitor for the RAR, thereby not allowing for early termination of the PRACH transmission.

Observation 1: In the legacy systems, the UE monitors for the RAR only after all PRACH transmissions/repetitions for Message 1 are completed.  This does not allow for early termination of PRACH transmissions/repetitions. 


Since the PDCCH Type 1 CSS periodicity is separately configured from the RACH Occasions, there may be PDCCH Type 1 CSS available within the period of a Multi PRACH transmissions.  The UE can therefore monitor for a RAR whenever a PDCCH Type 1 CSS is available after the 1st PRACH transmission of a Multi PRACH transmissions.  That is the RAR monitoring can occur during an ongoing Multi PRACH transmission.  An example is shown Figure 3, where a UE transmits a Message 1 with 4 PRACH transmissions in Slot n, n+2, n+3 and n+4.  The gNB configures a PDCCH Type 1 CSS with a periodicity of 2 slots thereby presenting RAR monitoring opportunities in Slot n+1, n+3 and n+5 for this Multi PRACH transmission.  The UE can therefore monitor for a RAR in Slot n+1, after the 1st PRACH transmission but in this example, it fails to receive a RAR.  The UE then continues with the 2nd and 3rd PRACH transmissions and monitors for the RAR again in Slot n+3 and here the UE receives a RAR and hence it can terminate its Multi PRACH transmissions early and avoid transmitting the 4th PRACH.
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[bookmark: _Ref115447826]Figure 3: RAR monitoring during an ongoing Multi PRACH transmissions

Proposal 4: Support early termination of Multi PRACH transmissions by monitoring for RAR during an ongoing Multi PRACH transmissions, in any available PDCCH Type 1 CSS after the 1st PRACH transmission of the Multi PRACH transmissions.


2.3 Multi PRACH transmissions with different beams
In the WI objectives, Multi PRACH transmissions using different beams for the 4 step RACH process is considered, which requires an evaluation of its benefit prior to specifying it in the standards.  In addition to any specifications for Multi PRACH transmissions with the same beam, Multi PRACH transmissions with different beams also need to consider how the UE selects the beams and how the UE knows which beam is used for the RAR.  That is, Multi PRACH transmissions with different beams has higher specification impacts compared to Multi PRACH transmissions with the same beam.  Hence, the gains in using Multi PRACH transmissions with different beams need to provide meaningful gains over Multi PRACH transmission with the same beam before it should be considered for specifications.

Proposal 5: Since the specs impact for specifying Multi PRACH transmissions with different beams is higher than that for Multi PRACH transmissions with the same beam, the gains in using the former must be significant over the latter to justify it being implemented in the specifications.


3. Conclusion
In this contribution, we discuss some considerations on Multi PRACH transmissions, we observe the following:
Observation 1: In the legacy systems, the UE monitors for the RAR only after all PRACH transmissions/repetitions for Message 1 are completed.  This does not allow for early termination of PRACH transmissions/repetitions. 


We therefore propose the following:
Proposal 1: Each transmission in a multi PRACH transmission is transmitted in a different RACH Occasion.  

Proposal 2: Legacy Single PRACH transmission and Multi PRACH transmissions are differentiated using different set of RACH Occasions, this can be done by:
· Partitioning the existing legacy RACH Occasions for Single and Multi PRACH transmissions or
· Configuring a separate (new) set of RACH Occasions for Multi PRACH transmissions

Proposal 3: Some of the RACH Occasions used for Multi PRACH transmissions can also be used for Single PRACH transmission, e.g. the RACH Occasion for the 1st PRACH transmission of a Multi PRACH transmission can also be used for Single PRACH transmission.

Proposal 4: Support early termination of Multi PRACH transmissions by monitoring for RAR during an ongoing Multi PRACH transmissions, in any available PDCCH Type 1 CSS after the 1st PRACH transmission of the Multi PRACH transmissions.

Proposal 5: Since the specs impact for specifying Multi PRACH transmissions with different beams is higher than that for Multi PRACH transmissions with the same beam, the gains in using the former must be significant over the latter to justify it being implemented in the specifications.
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