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Introduction 
In RAN#91-e, RAN approved a new WID on enhancement of RAN slicing for NR [2] with the following objective:
2. Support slice based RACH configuration, specify mechanisms and signalling including, for Mobile Originating cases [RAN2]
1. Configure separated PRACH configuration (e.g., transmission occasions of time-frequency domain and preambles) for slice or slice group
1. Configure RACH parameters prioritization (e.g., scalingFactorBI and powerRampingStepHighPriority) for slice or slice group
1. Determine how this works with existing functionality, which may include how to perform RACH type selection (e.g., 2-step and 4-step), support of RACH fall-back cases, handling of simultaneous configuration with similar functions such as legacy RA prioritization (e.g., MPS and MCS UEs).
In this contribution, we further provide in more details how slice-based RACH can be achieved by discussing the following:
· What other RA prioritization parameters can be applied?
· How to provide the resource isolation?
· How to apply RA prioritization or the RA resource isolation to a Slice?
Discussion
What other RA prioritization parameters can be applied?
In 4-step and 2-step RACH, RA prioritization with the configured parameters powerRampingStepHighPriority and scalingFactorBI is supported for beam failure recovery and handover scenario in order to reduce the latency of random access.  This is also extended to become applicable to MPS and MCS for RRC establishment and resumption in Rel-16.  RAN2 also agreed to make the configured parameters powerRampingStepHighPriority and scalingFactorBI as baseline for slicing. 
One other configuration that can be applied is on the use of 2-step RACH for certain slice. This can be used to limit the slices that can use the 2-step RACH and hence freeing 2-step RACH for more critical slices.  This can be done as part of the RACH Type selection and the UE first decide on whether its intended slice for MO call can select for 2-step RACH. If it can, it will perform as per Rel-16 to select between 2-step and 4-step RACH based on RSRP during resource initialization.  If the intended slice for the MO call is limited to 4-step RACH, it will skip the RACH type selection between 2-step and 4-step RACH based on RSRP and set the RACH Type to 4-step RA.
Proposal#1:  Include whether the UE can use 2-step RACH for a particular slice/slice group as part RA prioritization parameters. 
How to provide the resource isolation?
Since such partitioning is for critical slice, some may consider that the intended slice will only select 2-step RACH.  However, the coverage for 2-step RACH and 4-step RACH may not be the same, there may also be a need to partition also on 4-step RACH if the critical slice can only use 4-step RACH due to coverage restriction (as per the RACH type selection based on RSRP).
There are several ways to partition the PRACH resource either via separate RO or via shared RO with preamble partitioning, probably with no RAN1 impact:
1. Separate RO (time/frequency) from common 2-step and 4-step RACH 
In this approach, a new prach-ConfigurationIndex is used for resource isolation of the critical slices in order to be able to separate the RO from the common 2-step and 4-step RACH (network has to handle the overlapping of RO between the prach-ConfigurationIndex for the critical slices and for the other slices using the common RACH resource).  The RO can be shared for the 2-step and 4-step of the critical slices and the same partitioning of the preamble between 2-step and 4-step RACH (i.e.  as well as between Group A and B can applied for the critical slices. If the RO for the 2-step and 4-step of the critical slices are separate, it will be the same as separate RO for the common 2-step and 4-step RACH.  Like in 2-step RACH when RO is not shared with 4-step RACH, the network has to ensure that the RO is not overlapped among the common 2/4-step RACH and 2/4-step RACH for critical slice. An illustration is as follow:



Figure 1: Separate RO between the RO of the critical slices and the common 2 step and 4 step RACH

2. Shared RO (time/frequency) with the common 4-step and/or 2-step RACH with preamble partitioning
There are many sharing options due to that the common 2-step and 4 step RACH can be separate or shared RO.  In the case of separate RO for the common 2-step and 4-step RACH, the 2-step RO for the critical slices can be shared with the common 2-step RACH while the 4-step RO for the critical slices can be shared with the common 4-step RACH. However, it is also possible that the 2-step and 4-step RO for the critical slices are shared with the common 2-step RACH and not with the 4-step RACH or vice versa. In the case of shared RO with the shared RO of common 2-step and 4-step RACH, further preamble partitioning can be done via partitioning further on the non-CBRA preambles as follow.



Figure 2: Shared RO with common 2-step and 4-step RACH (with shared RO) with preamble partitioning
The possible options are listed below:
A. In the case common 4-step and 2-step RACH is in separate RO:
i. 4-step RACH for critical slice is shared RO with common 4-step RACH while 2-step RACH for critical slice is shared RO with common 2-step RACH
ii. 2-step and 4-step RACH for critical slice is shared RO with common 4-step RACH
iii. 2-step and 4-step RACH for critical slice is shared RO with common 2-step RACH
B. In the case common 4-step and 2-step RACH is in shared RO:
i. 2-step and 4-step RACH for critical slice is shared RO with common 2step and 4-step RACH
ii. 2-step RACH for critical slice is shared RO with common 2step and 4-step RACH wile 4-step RACH for critical slice is in separate RO
iii. 4-step RACH for critical slice is shared RO with common 2step and 4-step RACH wile 4-step RACH for critical slice is in separate RO
From the specification perspective, it seems A(i) and B(i) will be more straightforward to be implemented without RAN1 impact as they are just following the existing partitioning approach.
Proposal#2: RAN2 to discuss both approaches for PRACH resource partitioning for critical slices:
1. Separate RO from common 2-step and 4-step RACH (shared or non-shared) 
2. Shared RO with the common 2-step and/or 4-step RACH with preamble partitioning
How to apply RA prioritization and the RA resource isolation to a Slice
In Rel-15 access control, each slice corresponds to a corresponding operator defined access category.  As the PDN session corresponding to a slice is initiated by the UE NAS (i.e. MO call), the access category and corresponding access identities are determined by the NAS and provided to the AS.  The network can configure/signal the RA prioritisation/resource isolation for each of the operator defined access category over the SIB, and the RA prioritisation/resource isolation corresponding to an operator defined access category can be applied accordingly during the RA procedure triggered by RRC establishment and resumption procedure by the UE. 
On the other hand, if new slice/slice group index is introduced for slice specific cell reselection, such slice/slice group index can also be used for RA prioritisation/resource isolation in slice based RACH instead of using operator defined access category. With the new slice/slice group index, it is assumed that the S-NSSAI associated to slice/slice group index will be signalled to the UE and the UE NAS will provide the S-NSSAI that initiated the MO call to the AS.
For MO access:
Proposal#3: Use the operator defined access categories (or slice/slice group index if introduced for slice based cell reselection) to provide RA prioritization/resource isolation for slice in MO access case.
Proposal#3_1: Broadcast the operator defined access categories (or slice/slice group index if introduced for slice based cell reselection) with their corresponding RA prioritization/resource isolation in SIB.
Proposal#3_2: UE AS selects the corresponding RA prioritization/resource isolation based on the operator defined access category provided by NAS (or the slice/slice group index associated with the S-NSSAI provided by NAS)  for the RA procedure triggered by RRC connection establishment and resumption from RRC.
Conclusion
It is requested that RAN2 discussed the following observations and proposals:
Proposal#1:  Include whether the UE can use 2-step RACH for a particular slice/slice group as part RA prioritization parameters. 
Proposal#2: RAN2 to discuss both approaches for PRACH resource partitioning for critical slices:
1. Separate RO from common 2-step and 4-step RACH (shared or non-shared) 
2. Shared RO with the common 2-step and/or 4-step RACH with preamble partitioning
Proposal#3: Use the operator defined access categories (or slice/slice group index if introduced for slice based cell reselection) to provide RA prioritization/resource isolation for slice in MO access case.
Proposal#3_1: Broadcast the operator defined access categories (or slice/slice group index if introduced for slice based cell reselection) with their corresponding RA prioritization/resource isolation in SIB.
Proposal#3_2: UE AS selects the corresponding RA prioritization/resource isolation based on the operator defined access category provided by NAS (or the slice/slice group index associated with the S-NSSAI provided by NAS) for the RA procedure triggered by RRC establishment and resumption from RRC.
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