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1. Introduction
A new SID for Rel-17 to enhance the RAN support of network slicing was approved in RAN#86 [1]. One of the objectives is as follows:
· Study mechanisms to enable UE fast access to the cell supporting the intended slice, including [RAN2]
a. Slice based cell reselection under network control
b. Slice based RACH configuration or access barring
In this contribution, the discussions are mainly about scenario, scope, requirements, and potential solutions. In addition, the incoming SA2 LS is also considered.
2. Discussion
2.1 [bookmark: OLE_LINK1]Scenario
According to the current TS 23.501[2], “The serving AMF shall determine a Registration Area such that all S-NSSAIs of the Allowed NSSAI for this Registration Area are available in all Tracking Areas of the Registration Area”, i.e., in Rel-15/16 all gNBs within the same TA have the same set of network slices supported.
[image: ]
[bookmark: OLE_LINK3]Figure 1: Slice deployment on different frequencies and cells
During the RAN plenary email discussion [3], flexible slice deployment was proposed as shown in Figure 1. In this scenario, eMBB is supported on 2.6 GHz and 4.9 GHz in Area 1 and 2, while URLLC is only supported on 4.9GHz in Area 1. That is, some slices (e.g., slice supporting URLLC as in this example) may be available only on specific frequencies in a certain area (e.g., factory or hospital) of the network. Considering that the network slice deployment is usually driven by business demand and network planning by operators, it should be possible that not all RAN nodes/cells would be deployed and support all the frequencies and network slices. This deployment scenario, from a perspective of RAN planning, should be well supported because it enables flexible RAN deployment to support various network slices and can meet requirements from operators.
Proposal 1: It is proposed to agree on different slice deployment on different frequencies and cells.

At the RAN2#110-e meeting, RAN2 received the SA2 LS on RAN slicing [4][5][6]. The main contents are as follows:
One of the requirements documented in GSMA 5GJA NG.116 is to define the Radio Spectrum (clause 3.4.21) supported by the network slice. Specific frequency bands can be used to access a specific network slice(s). As part of the FS_eNS_Ph2 study, the combined use of the spectrum bands and the network slices as a possible tool for operators to offer the service isolation/management while allowing the maximum use of the 5G spectrum bands was proposed. The attached document (S2-2001467) provided further details on the key issue for such use case.
SA2 requests SA1, RAN2 and RAN3 colleagues to examine the attached use case and to provide any feedback.
We think that proposal 1 already covers the scenarios being considered by SA2 LS, i.e., different slice deployment on different frequencies and cells. If RAN2 can reach consensuses on the scenario, SA2 can be informed of this RAN2 conclusion.
Proposal 2: For the combined use of frequency bands and network slices, if proposal 1 is agreeable, RAN2 can send a reply LS to SA2 to indicate the agreed scenario from the RAN perspective.

2.2 Scope and requirements
As captured in the Rel-17 RAN slicing SID [1], cell reselection, RACH configuration, and access barring for RAN slicing could be studied, so we provide some technical analysis on the gap between existing mechanisms and Rel-17 RAN slicing.
2.2.1 Cell selection
During SA2 discussions, slice deployment on different frequencies was discussed. In [7], a scenario was mentioned in Figure 2. In this scenario, it is assumed that the UE is located in the coverage of both RAN A and RAN B. Frequency band X (RAN A) is used to access S-NSSAI #1, and frequency band Y(RAN B) is used to access S-NSSAI #2.
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Figure 2: Slice deployment on different frequencies (S-NSSAI #1:X, S-NSSAI #2:Y) 
For the registration procedure, the UE can choose either RAN A or RAN B, and the UE is not aware of the 5G-AN that supports the requested S-NSSAI in this phase. For example, if UE selects RAN A for S-NSSAI #2, the requested S-NSSAI will be rejected by the network. As a comparison, we also observe a similar problem in Figure 1, i.e., when a UE performs initial access to 2.6GHz (eMBB only carrier) for URLLC slice(s), the network will reject the UE since it does not support URLLC slice(s).
As a conclusion, in order to enable UE fast access to the cell supporting the intended slice, it is beneficial for the UE to be aware of the slice supported by RAN.
Proposal 3: It is proposed RAN2 study how to make UE aware of slices supported by RAN to enable fast access.

[bookmark: OLE_LINK4]2.2.2 Cell reselection
Based on Figure 1, the following Case 1 and Case 2 represent different network policies for high priority frequencies for different types of UEs. For both cases, we have three types of UEs, i.e., an “eMBB only UE” is eMBB slice(s) only, a “URLLC only UE” is for URLLC slice(s) only, and an “eMBB and URLLC capable UE” is for both eMBB slice(s) and URLLC slice(s). Note that slice(s) intended by different types of UEs are categorized by the allowed NSSAI configured.
Case 1:
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Table 1: High priority frequency for different types of UEs in different areas
Table 1 shows the network policy of UEs with different intended slices on different frequencies in different areas.
· [bookmark: OLE_LINK9]In Area 1, eMBB only UEs should preferentially camp on 2.6GHz, and URLLC only UEs should preferentially camp on 4.9GHz. If the UE is capable of both URLLC and eMBB, it should preferentially camp on 4.9GHz. The motivation of the network policy is that 4.9GHz should be utilized as much as possible for URLLC slice(s) and 2.6GHz is mainly for eMBB slice(s).
· In Area 2, 4.9GHz is prioritized for UEs intended for eMBB slice(s) because the higher frequency is responsible for capacity and the lower frequency is responsible for coverage. In this case, 4.9GHz is configured with a high priority for absorbing traffic.

Based on Rel-15 standard, the above targets can be achieved by broadcasting 4.9GHz as high priority in Area 1 and 2 and configuring 2.6GHz as high priority for eMBB only UE through dedicated signalling in Area 1. However, we see the following problem:
For an eMBB only UE with 2.6GHz configured as high priority through dedicated signalling in Area 1, the frequency priority remains valid until the priority timer (i.e., T320) expires. If the UE moves from Area 1 to Area 2 before the priority timer expires, the UE will still camp on 2.6GHz in Area 2, which violates the operator’s policy, i.e., preferentially 4.9GHz in Area 2.

Case 2:
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Table 2: High priority frequency for different types of UEs in different areas
Table 2 shows the network policy of UEs with different intended slices on different frequencies in different areas.
· In Area 1, the network policy is the same as Case 1.
· In Area 2, 2.6GHz is prioritized for UEs intended for eMBB slice(s). The motivation is that 2.6GHz has wider bandwidth than 4.9GHz.
The above targets can be achieved by broadcasting 2.6GHz as high priority in both Area 1 and 2, and configuring 4.9GHz as high priority for eMBB and URLLC capable UE through dedicated signalling in Area 1. However, similar problems still exist: When eMBB and URLLC capable UE moves from Area1 to Area 2, the dedicated frequency priority (4.9GHz high priority) may still be valid until the timer (T320) is expired, and then the UE will still camp on 4.9GHz in Area 2, which violates the operator’s policy. 
In summary, current schemes are not able to steer different types of UEs in different areas to the corresponding high-priority frequencies. 
[bookmark: OLE_LINK8]Proposal 4: It is proposed RAN2 study how to enable different types of UE in different areas access to the corresponding high priority frequencies based on the network policy.

2.2.3	RACH configuration
Currently, there is no RACH resource differentiation supported by RAN slicing and leads to the consequence that the access attempt on the currently “slice shared” RACH resources for one slice would affect the access for another slice. In a typical scenario where slices supporting multiple services (e.g., both eMBB and mMTC slices) are deployed, it is beneficial to differentiate UEs intended for different slices at the access stage, for instance, to partition RACH resources to avoid eMBB becoming congested due to a surge of mMTC connection requests. 
In addition, different RACH configurations may meet the service requirements of different slices. For example, a shorter contention resolution timer may meet the delay-sensitive requirement of URLLC slices. Furthermore, the slice-based RACH configuration may also be applied as a complement to the slice-based access control. 5G-RAN can identify slices during the RACH procedure to enable early admission control.
From the network perspective, to maintain resource isolation among slices, RACH configuration differentiation may be required, and then the UE may have the flexibility to use RACH based on the intended slice. 
Proposal 5: It is proposed RAN2 agree on studying RACH configuration differentiation among RAN slices.

2.2.4	Access control
In Release 15, it is stated in TS 38.300[8] Section 16.3 that, “By means of the unified access control (see clause 7.4), operator-defined access categories can be used to enable differentiated handling for different slices.” That is, the slice is strongly associated with one access category in the UAC scheme.
According to the existing definitions of access categories 0~10 in TS 24.501[9] Section 4.5, access category 1 is for delay-tolerant service, access category 2 is for emergency service, access category 3 is for MO signalling resulting from other than paging, etc. However, the access category today defined is too limited to reflect slices supporting different services. New access categories may be defined by the operator, e.g., access category 32 is associated with slice #1, access category 33 is associated with slice #2, etc.
However, we observe that a slice may include one or more services, and thus one or more categories are assigned. For example, a slice is associated with access category 32 and also access category 0 due to MT access. In this case, it is possible that one access category may be used for controlling slice or non-slice services, so it may lead to inefficient AC for slice purposes.
Therefore, slice based enhancement of the current UAC scheme could be studied in RAN2. 
Proposal 6: It is proposed RAN2 agree on studying the enhancement of Access control mechanism considering RAN slices.

2.3 Initial considerations on solutions
Based on the technical analysis above, the solutions are worth of initial considerations. Here are some principles.
· For cell selection, slice information broadcasting may be considered.
· For cell reselection, per slice per carrier priority may be considered.
· For RACH configuration, RACH resource isolation for slices may be considered.
· For access control, enhancement of the slice-based UAC mechanism may be considered.

3. Conclusion
In this contribution, we mainly discuss the scenario, incoming SA2 LS, scope, requirements, and potential solutions for R17 RAN slicing. It is proposed:
Proposal 1: It is proposed to agree on different slice deployment on different frequencies and cells.
Proposal 2: For the combined use of frequency bands and network slices, if proposal 1 is agreeable, RAN2 can send a reply LS to SA2 to indicate the agreed scenario from the RAN perspective.
Proposal 3: It is proposed RAN2 study how to make UE aware of slices supported by RAN to enable fast access.
Proposal 4: It is proposed RAN2 study how to enable different types of UE in different areas access to the corresponding high priority frequencies based on the network policy.
Proposal 5: It is proposed RAN2 agree on studying RACH configuration differentiation among RAN slices.
Proposal 6: It is proposed RAN2 agree on studying the enhancement of Access control mechanism considering RAN slices.
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