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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1#112bis-e we made the following agreements, working assumptions and conclusions:
Agreement
Confirm the following working assumptions.
	Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, at least support that multiple PRACH are transmitted on separate ROs.
· Note: Separate RO means that the RO is separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.

Working Assumption
For multiple PRACH transmissions with same Tx beam, to differentiate the multiple PRACH transmissions with single PRACH transmission, support that multiple PRACH are transmitted with separate preamble on shared ROs.
· Note: Shared or separate RO/preamble means that the RO/preamble is shared or separated with single PRACH transmission. 
· FFS: whether Rel-17 framework of feature combination (FeatureCombination-r17) and additional RACH configuration (AdditionalRACH-Config-r17) can be reused for Rel-18 multiple PRACH transmissions to realize the corresponding PRACH resource partitioning.




Agreement
Send LS to inform RAN2 about the 2 confirmed Working Assumptions, and details on how to realize PRACH resource partitioning is up to RAN2.

Conclusion
There is no consensus to support multiple PRACH transmissions within one RACH attempt located at same time instance in Rel-18.
Note: multiple PRACH transmissions within one RACH attempt located at same time instance includes multiple PRACH transmissions in FDMed ROs located at the same time instance and multiple PRACH transmissions with different preambles in the same RO.

Conclusion
There is no consensus to support utilizing different preambles during the multiple PRACH transmissions with the same Tx beam in one attempt.

Agreement
· Multiple PRACH transmissions within one RACH attempt are only performed within one RO group.
· The number of valid ROs in the RO group is equal to one of the configured number(s) of multiple PRACH transmissions.
· Note1: If only one value is configured for multiple PRACH transmissions, then the number of valid ROs in the RO group is equal to this value.
· Note2: If multiple values are configured for multiple PRACH transmissions, for each value, the number of valid ROs in the RO group is equal to the corresponding number of multiple PRACH transmissions.
· Note 3: Valid RO(s) refers to what is defined in existing specification.

Agreement
[Draft] LS R1-2304070 is endorsed in principle by appending RAN1 agreement “Agreement
Send LS to inform RAN2 about the 2 confirmed Working Assumptions, and details on how to realize PRACH resource partitioning is up to RAN2”, as well as fixing the formulation of the LS.

Agreement
Final LS R1-2304141 is endorsed.

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

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

2. Multiple PRACH transmissions with the same beam
2.1 RO Group
In RAN1#112bis-e, the concept of “set of RO Groups” and “RO Group pattern” were discussed [1] without any conclusion.  Here, we present our understanding of these two concepts.

A set of RO Groups consists of multiple RO Groups with different or the same number of multiple PRACH transmissions.  The arrangement of these RO Groups forms an RO Group Pattern and the RO Group Pattern is repeated periodically.  An example is shown in Figure 1, where the set of RO Groups has 8 RO Groups consisting of 4 RO Groups with 2 number of PRACH transmissions, 2 RO Groups with 4 number of PRACH transmissions and 2 RO Groups with 8 number of PRACH transmissions.  The arrangement of these RO Groups shown in Figure 1 gives an RO Group Pattern.  This RO Group Pattern is repeated periodically where in Figure 1, 2 periods of the RO Group Pattern are shown.  It should be appreciated that Figure 1 is just one possible configuration of RO Group Pattern and other configurations are possible.
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[bookmark: _Ref134715932]Figure 1: RO Group Pattern

Proposal 1: For the discussion of Multiple PRACH Transmissions with same beam, use the following definitions:
· A Set of RO Groups: One or more RO Groups within a time period, where the RO Groups can have different numbers of PRACH transmissions
· RO Group Pattern: The arrangement of the RO Groups in a Set of RO Groups. 


Another aspect in the concept of Set of RO Group is whether the gNB can configure multiple Sets of RO Groups with different RO Group patterns and different periods.  We cannot see any benefit of this and for simplicity, we prefer only one set of RO Groups in a cell.

Proposal 2: The gNB can configure only one Set of RO Groups.


2.2 Differentiating different numbers of multiple PRACH transmissions
It was agreed that the gNB can configure multiple values for the number of multiple PRACH transmissions.  The values for the number of multiple PRACH transmissions are agreed to be {2, 4, 8}.  We expect the UE to decide on which number of multiple PRACH transmissions to used based on SSB RSRP.  Since, the UE selects the number of multiple PRACH transmissions, the gNB needs to know which number of multiple PRACH transmissions the UE has selected.

Observation 1: If gNB configures multiple values for the number of multiple PRACH transmissions, it is expected that the UE selects the value for the number of multiple PRACH transmissions based on SSB RSRP.


We agreed that there will only be one RAR monitoring window for a multiple PRACH transmission attempt.  We also agreed that the start location of the RAR monitoring window is after the completion of a multiple PRACH transmission attempt.  The gNB therefore needs to know when the multiple PRACH transmission ends in order to start scheduling the RAR.  One approach is to further partition the ROs into multiple RO Groups where each RO Group is used for a specific number of multiple PRACH transmissions.  For example, the gNB can configured a Set of RO Groups with 3 distinct RO Groups, for 2, 4 and 8 number of multiple PRACH transmissions.  However, 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 configures multiple values for the number of multiple PRACH transmissions with a single RAR window monitoring after completion of a multiple PRACH transmission, the ROs may need to be further partitioned into multiple RO Groups 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 increase RACH collision probability.


To avoid partitioning the ROs into multiple RO Groups to support multiple values for the number of multiple transmissions, the RAR window can be placed after the end of the highest configured number of PRACH transmissions.  An example is shown in Figure 2, where the gNB configures 4 values for the number of multiple PRACH transmissions, {1, 2, 4, 8}.  The RO Groups for different values for the number of multiple PRACH transmissions have some common ROs, and here the gNB would blind decode the value for the number of multiple PRACH transmissions selected by the UE, e.g. the gNB can attempt to detect for a PRACH between time t0 and time t1 for legacy (single) PRACH transmission, and between times t0 and time t2 for 2× PRACH transmissions, and between times t0 and t3 for 4× PRACH transmissions and between time t0 and t4 for 8× PRACH transmissions.  This is acceptable for the gNB since the number of blind decodes/detections are small.  Regardless of the number of multiple PRACH transmissions selected by the UE, the RAR window is always located after the 8× PRACH transmissions, 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 number of multiple PRACH transmissions, e.g., 2× PRACH transmissions, 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 excessive 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 3: RO Groups for multiple PRACH transmissions with different numbers of PRACHs per transmission can have some common ROs.  The gNB blind decodes for the number of multiple PRACH transmission selected by the UE.
Proposal 4: The RAR window is located after the end of the RO Group, i.e., after the ROs for the highest configured number of multiple PRACH transmissions has passed.


3. Conclusion
In this contribution, we discuss some considerations on Multiple PRACH transmissions. We observe the following:
Observation 1: If gNB configures multiple values for the number of multiple PRACH transmissions, it is expected that the UE selects the value for the number of multiple PRACH transmissions based on SSB RSRP.

Observation 2: If gNB configures multiple values for the number of multiple PRACH transmissions with a single RAR window monitoring after completion of a multiple PRACH transmission, the ROs may need to be further partitioned into multiple RO Groups 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 increase RACH collision probability.


We therefore propose the following:
Proposal 1: For the discussion of Multiple PRACH Transmissions with same beam, use the following definitions:
· A Set of RO Groups: One or more RO Groups within a time period, where the RO Groups can have different numbers of PRACH transmissions
· RO Group Pattern: The arrangement of the RO Groups in a Set of RO Groups. 

Proposal 2: The gNB can configure only one Set of RO Groups.

Proposal 3: RO Groups for multiple PRACH transmissions with different numbers of PRACHs per transmission can have some common ROs.  The gNB blind decodes for the number of multiple PRACH transmission selected by the UE.
Proposal 4: The RAR window is located after the end of the RO Group, i.e., after the ROs for the highest configured number of multiple PRACH transmissions has passed.
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