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1 Introduction
Several work items in R17 have introduced PRACH partitioning to indicate the capability or support for the perspective feature. Some device types can also support a combination of these features. Given the PRACH capacity is limited, independent PRACH partitioning for each feature combination can cause run-away PRACH overhead and impact collision probabilities for legacy UEs.

During RAN2 #114-e and 115e, an initial discussion took place [1-3] to figure out how to accommodate PRACH partitioning effectively for all new R17 features. Some preliminary relevant agreements are included in Annex A. In this contribution, efficient PRACH partitioning is discussed and compared to existing partitioning using reserved preambles.
2 Introduction
PRACH resource partitioning is already used in R15/16 to indicate the best SSB, 2-step vs. 4-step RACH, and message 3 size (group A vs. B). In Rel-17, further PRACH partitioning is introduced by the following features:

· RedCap: to indicate reduced capability device type to the network

· SDT: to distinguish the RA procedure in order to support larger payload sizes for small data transmission

· CovEnh: to indicate need for coverage enhancement for Msg3 repetition

· Slicing: to indicate high priority slice to the network and to achieve slice isolation also for RACH

To complicate things further, some of these features can be support by the same device simultaneously (e.g. an IIoT redcap device supporting small data transmission on a given slice), and thus partitions are needed to indicate combinations of these features. 64 preambles is not sufficient to support all of these feature indication combinations in a single RO, or even a number of ROs, especially when multiplexed with preambles for legacy UEs. 
2.1 Ad-hoc PRACH Partitioning 

Assuming PRACH portioning is introduced in ad-hoc per feature in the same manner as done for 2-step RACH in R16, a portion of existing reserved contention based PRACH preambles can be allocated to non-legacy R17 UEs for each feature combination, for each SSB, and per Group A vs. Group B set. This is illustrated in Figure 1, where each new feature combination is allocated a new partition within existing an existing RO.
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Figure 1: Number of PRACH partitions grows exponential with number of features when partitioned in an adhoc manner
Assuming that an indication per feature is only required at the level of whether it’s ON or OFF, the number of required partitions is 2K, where K is the number of features, assuming that a UE can indicate a combination of these features (e.g. small data, RedCap, slicing, and coverage enhancements). The number of required RACH partitions therefore grows exponentially with the number of features. 
If a new feature is introduced in a later release, the number of partitions is more than 2K as the legacy the new feature indication cannot impact allocation of legacy preambles.

Observation 1:
The number of required RACH partitions grows exponentially with the number of features to indicate, and is at least 2K partitions to indicate feature combinations if the K features are introduced simultaneously in the same release.
For each feature combination partition needs to be further repeated per SSB and per Group A/B set. The overhead therefore is scaled by 2×N, where N is the number of SSBs multiplexed in the same RO in the cell. Assuming each feature partition is allocated P new preambles, the total number of new preambles required to indicate new feature combinations using the ad-hoc method is:
Number of required new preambles Ad-hoc = 2×N×P×2K
Observation 2:
The number of required new preambles to indicate new feature combinations in an ad-hoc manner is 2×N×P×2K, where N is the number of SSBs, P is the number of preambles per feature combination, K is the number of new features, 2 is the number of sets to indicate Msg3 size.
2.2 RACH indication by 2 preamble transmissions

With two ROs each with 64 available preambles, the UE can indicate one of 642 unique indications if the two preamble transmissions can be linked to the same UE.

Assuming 2 ROs are associated (e.g. using a linkage similar to the one defined in 2-step RA for PRACH and PUSCH occasions), a UE can transmit two preamble transmissions to indicate the feature combination. For example, a 1st preamble transmission indicates the feature combination, SSB, and msg3 Group A vs. B; while 2nd preamble transmission is used for randomization between UEs selecting the same feature combination, i.e. to reduce the preamble collision probability. This is illustrated in Figure 2. Alternatively, the network can configure the 1st preamble transmission such that it may correspond to an intersection of a number of features, but 2nd preamble distinguishes which of these features. 
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Figure 2: Example of PRACH partitioning using 2 ROs.

At the simplest minimum, the PRACH capacity gain comes from the fact that the feature combination partitioning in the 2nd RO does not need to be repeated per SSB and per msg3 Group set, as spatial separation between UEs is exploited. 
If two UEs simultaneously select the same SSB and the same feature combination in the 1st RO (i.e. a preamble collision in the 1st RO), the UEs are can separated by the 2nd preamble transmission if the randomly select different preamble indices in 2nd RO. If two UEs simultaneously select the same SSB but different feature combinations, the UEs are separated by the 2nd preamble transmission by feature partitioning in the 2nd RO in the preamble index domain. If two UEs select different SSBs but the same feature combination in the 1st RO, the two UEs further randomize their preamble selection in the 2nd RO and the network can address both UEs by sending two RARs if the two UEs select different preambles in the 2nd RO. UE can consider msg1 transmission successful if it receives a RAR with a RAPID corresponding to either the first or the second preamble index, as per the usual RA procedure.

Observation 3:
With two associated ROs, a UE can transmit two preamble transmissions to indicate the feature combination with less PRACH overhead.
Taking a simple example where each feature combination is allocated a single preamble per SSB in the 1st RO and P preambles in the 2nd RO, the PRACH overhead associated with feature indication by two preamble transmissions can be estimated as:
Number of required new preambles 2-preamble tx = 2×N×2K+ P×2K
Taking an example of where N = 6 SSBs; K = 4 features (SDT, RedCap, slicing, and Coverage); P= 8 preambles:
· Required number of preambles using ad-hoc approach: 1536 (24 ROs)

· Required number of preambles using 2-preamble tx approach: 320 (5 ROs)
· PRACH overhead reduction: 79%
Observation 4:
The number of required new preambles to indicate new feature combinations using two preamble transmissions is 2×N×2K+ P×2K.

One potential added benefit on top of indicating the feature is to increase the coverage and reliability of msg1 my transmitting 2 preambles. The gNB receiver can combine both transmissions to increase coverage of msg1, even if the selected preambles are of different indices as long as they are from the same root sequence and the gNB did not detect a preamble collision. For example, when the UE is in bad coverage, the network may not detect the first preamble correctly on its own, but may combine it with the reception of the 2nd preamble for better estimation and detection.
Observation 5:
The reception of the two preambles can be also used by the gNB to improve the coverage of msg1 detection.
Proposal 1:
UE transmits two preambles from different ROs to indicate a feature or feature combination.

Proposal 2:
The two ROs are associated similar to the specified association for PRACH and PUSCH occasions in 2-step RA.

Proposal 3:
At least one preamble is configured per feature combination and per SSB in the first RO.

Proposal 4:
A preamble partition in configured per feature combination in the second RO associated with the first RO. The second RO can be configured separately from ROs used by legacy UEs.
3 Conclusion
In this contribution, PRACH partitioning is discussed to accommodate efficient indication of the SDT, RedCap, Slicing, and coverage enhancement R17 work items. The following observations and proposals are made:
Observation 1:
The number of required RACH partitions grows exponentially with the number of features to indicate and is at least 2K partitions to indicate feature combinations if the K features are introduced simultaneously in the same release.
Observation 2:
The number of required new preambles to indicate new feature combinations in an ad-hoc manner is 2×N×P×2K, where N is the number of SSBs, P is the number of preambles per feature combination, K is the number of new features, 2 is the number of sets to indicate Msg3 size.

Observation 3:
With two associated ROs, a UE can transmit two preamble transmissions to indicate the feature combination with less PRACH overhead.
Observation 4:
The number of required new preambles to indicate new feature combinations using two preamble transmissions is 2×N×2K+ P×2K.

Observation 5:
The reception of the two preambles can be also used by the gNB to improve the coverage of msg1 detection.
Proposal 1:
UE transmits two preambles from different ROs to indicate a feature or feature combination.

Proposal 2:
The two ROs are associated similar to the specified association for PRACH and PUSCH occasions in 2-step RA.

Proposal 3:
At least one preamble is configured per feature combination and per SSB in the first RO.

Proposal 4:
A preamble partition in configured per feature combination in the second RO associated with the first RO. The second RO can be configured separately from ROs used by legacy UEs.
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5 Annex A: Relevant Agreements
RA partitioning agreements RAN2115e:

	Agreements:

1.
Preamble partitioning is defined on a feature and/or feature combination basis.  FFS on signalling.  2step RA and CE is excluded, if RAN1 decided to exclude

2.
Preambles associated with a Rel-17 feature should never be chosen by legacy UEs in the case of RO sharing.  

3.
New feature and/ feature combination specific preambles can be defined in a) Separate time-frequency resources, not defined through legacy RRC signalling, b) Within the Contention free preamble resources (i.e. within the preambles not used for contention based) defined through legacy RRC signalling.  FFS on c) Within the “not available” preambles defined at the end of a RO through the legacy  totalNumberOfRA-Preambles

4.
A common RRC CR capturing the signalling framework for RACH resource configuration across all the WIs should be used and this CR should be maintained as part of the common RACH agenda item.  Each WI is expected to provide the necessary parameters to include in the signalling.

5.
A common MAC CR capturing the changes to sections 5.1.1 and section 5.1.1a of the MAC spec can also be considered and if agreeable, this CR should also be maintained as part of the common RACH agenda item.

6.
As a baseline, the RA procedure design for Rel-17 should adhere to the following general principles: 

a: Carrier selection (between NUL/SUL) should happen ahead of the initial RACH resource selection (i.e. feature combination is not considered in carrier selection).   

b: Initial RACH resource should be selected based on the selected carrier for the selected feature combination (i.e., selected slice, SDT or not, REDCAP or not etc). Only the RACH resource matching the feature and/or feature combination of current RACH procedure will be considered as available in the RACH resource selection.

c: As a general rule, all RACH retransmissions (if any are needed, until RACH failure happens) shall be performed over the same RACH resources (and same carrier – NUL/SUL) as the one selected for initial RACH resource.  However, we can discuss fallback on a case by case basis if there is a strong motivation and discuss them together in this AI.
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