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Discussion and decision
1 Introduction
New SID in [1] was approved in RP#86 (Dec 2019) to study further enhancements of network slicing in RAN to make it a tool for network operators for improved support of services and specific deployment scenarios. The RAN2 objective in this study is:
1. 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
 Note: whether the existing mechanism can meet this scenario or requirement can be studied.

Before starting discussions on technical solutions, we need to reach consensus first on the scenarios and requirements to consider in this study. Therefore, in this contribution we address the candidate scenarios and requirements which can be considered in the RAN2 part of the study. Furthermore, we provide a first analysis of the Key Issue #7 which is considered in the ongoing SA2 study and described in [5], and for which RAN2 was requested to examine the use-case and provide any feedback [2].
2 Discussion
2.1 Candidate scenarios and requirements
According to Rel-15/16 specifications one or multiple network slices may be deployed in the (or part of the) PLMN to enable operators to optimize implementation of tailor-made functionality and network operation specific to various needs. Furthermore, according to [3] the availability of network slices may be further restricted to certain frequency bands to provide a tool for operators for improved support of services and specific deployment scenarios. On the latter, Figure 1 shows an exemplary RAN area coverage scenario where different network slices are deployed on different frequency bands, see also [2], [4]. In the example, an eMBB slice (S-NSSAI 1) may be supported only in 2.6 GHz band (RAN Area 1) while a URLLC slice (S-NSSAI 2) may be supported only in 4.9 GHz band (RAN Area 2). Depending on UE’s subscription and configuration wrt network slices the following cases need to be considered:
I. Case 1: Enhanced access to a network slice for (initial) registration
The UE’s Configured NSSAI list just contains S-NSSAI 2. After PLMN and initial cell selection (carried out by UE without any slice awareness) the UE is camped on a suitable cell of RAN Area 1, and the UE attempts to initially register to the network for S-NSSAI 2. Due to the fact that the UE camps on a cell that does not support S-NSSAI 2, the registration to the network for S-NSSAI 2 will fail. In this case, the UE has to attempt to register from an area/cell that supports S-NSSAI 2 which may take some time. But as long as the UE cannot register successfully to the indented slice, it is neither registered in the network nor reachable by the network by paging. Therefore, one scenario that can be studied is how to enable the UE to perform registration-initiated cell reselection to cell(s) operating on frequency band(s) for specific network slices.

II. Case 2: Enhanced access to a network slice for service-initiation
The UE’s Configured NSSAI list contains both S-NSSAI 1 and S-NSSAI 2. After PLMN and initial cell selection (carried out by UE without any slice awareness) the UE is camped on a suitable cell of RAN Area 1, and the UE attempts to initially register to the network for both S-NSSAI 1 and S-NSSAI 2. In this case the UE can register successfully to RAN Area 1. However, the UE will receive from network a registration accept message containing the information about the allowed S-NSSAI 1 and the rejected S-NSSAI 2. Then the problem may arise when the UE wants to initiate a URLLC service while camped on a cell of RAN Area 1 where eMBB slice is supported. In this case the NAS service request message sent by the UE will be rejected. As consequence, the UE has to attempt to register from an area/cell that supports a URLLC slice which may take some time.  Therefore, another scenario that can be studied is how to enable the UE to perform service-initiated cell reselection to cell(s) operating on frequency band(s) for specific network slices.
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Figure 1: Exemplary RAN area coverage scenario

In the two cases above, UE-initiated triggering for cell reselection has been considered. However, to be complete NW-initiated triggering for cell reselection can be considered as well, e.g. when packets arrive in CN for a service that is mapped to a frequency band on which the UE is not currently camped on. In this case, the CN paging for the MT service may result in cell reselection to a cell on the frequency band where the PDU session for the concerned MT service can be established. As result, we propose to agree on following scenarios and requirements in the study:
Proposal 1: RAN2 to agree on following scenarios and requirements in the study:

· Consider restrictions in the availability of network slices to certain frequency bands.
· Consider UE-initiated and NW-initiated cell reselection to cell(s) operating on frequency band(s) for specific network slices.
2.2 Analysis of the Key Issue #7: Support of 5GC assisted cell selection to access network slice
In SA2’s study on enhancement of network slicing for Rel-17, the issue of 5GC assisted cell selection to access network slice has been included as Key Issue #7 in [5]. The key issue #7 addresses the new use-case where specific frequency bands can be used to access a specific network slice(s) for operator’s service isolation/management, however acc. to current specifications the UE may have to perform cell selection/reselection without awareness of S-NSSAI support until the S-NSSAI is allowed according to current specifications. To assist the UE for selecting a particular cell operated on a frequency band that can be used to access the intended network slice, up to now SA2 agreed to include 4 candidate solutions in their TR [5]. Although RAN2 has not been requested yet by SA2 to review and provide feedback to the candidate solutions, we made a first analysis of the solutions and summarized them as listed below:
A) Solution #17: Support of radio spectrum attribute by CN assisted RAN control

· General description: When UE requests an S-NSSAI that is not supported in the current TAI, the CN will consider this S-NSSAI as a Target NSSAI for the UE. The CN then indicates UE via NAS message the requested S-NSSAI as rejected and indicates RAN via N2 message the Target NSSAI and its corresponding RFSP Index (i.e. band(s) that support the Target NSSAI). With this the RAN can determine the band(s) used to allow UE access to the Target NSSAI.
· Pre-conditions: None.

· Possible impacts on RAN: Support of getting additional Target NSSAI and corresponding RFSP Index, and support of moving the UE accordingly.
· Analysis: This solution requires CN decision/assistance for slices upon UE request. Moreover, since the UE receives from CN only a rejection for the requested S-NSSAI, the UE is still unaware of what slices the new camping band supports. As a result, this solution may only work after the UE initiates a slice request and may need to be performed every time the UE initiates a slice request.

B) Solution#29: Operating band information is provided with the Configured NSSAI
· General description: Information of allowed band(s) for each S-NSSAI in the PLMN is indicated to the UE in the Configured NSSAI. The UE will only request slices that are all accessible in the same operating band(s) and the AMF will include in the Allowed NSSAI only S-NSSAI(s) that are all accessible in the same operating band(s). If the UE is interested to access an S-NSSAI which is not supported on the currently camped operating band and not in the Allowed NSSAI, the UE may reselect to the new operating band.
· Pre-conditions: The UE will only request slices that are all accessible in the same operating band(s), i.e. the UE shall not have S-NSSAIs in the Allowed NSSAI that are not all available in a common operating band.

· Possible impacts on RAN: None.
· Analysis: For this solution the UE can perform cell selection/reselection with awareness of S-NSSAI support before slice request. Although no RAN impact is observed for now, this solution introduces a restriction for UE slice request, making a slice available to a UE only if it is supported on the operating band. Furthermore, this solution introduces slice-specific frequency priorities at UE side.
C) Solution #30: Preferred frequency bands in Configured NSSAI
· General description: Information of preferred band(s) for each S-NSSAI in the PLMN is indicated to the UE in the Configured NSSAI. The UE performs cell selection/reselection considering the frequency priority for the S-NSSAI(s) to be included in the Requested NSSAI. If the UE registers to multiple network slices which are accessible on different preferred band(s), then the UE may consider the provided configuration from the RAN to follow carrier frequencies for idle mode mobility.
· Pre-conditions: The Rel-15 concept is retained that homogenous availability of S-NSSAIs from the Allowed NSSAI is provided within a Registration Area.

· Possible impacts on RAN: If the UE is allowed to use multiple S-NSSAIs, when the UE is transferred to Idle mode the RAN steers the UE to the preferred carrier frequency(s) for camping. If multiple network slices operating in different frequency bands are to be used in Connected mode, the RAN can activate DC or CA.
· Analysis: For this solution the UE can perform cell selection/reselection with awareness of S-NSSAI support before slice request. There is RAN impact when the UE registers to multiple network slices which are accessible on different preferred frequency band(s). This solution also introduces slice-specific frequency priorities at UE side.
D) Solution #31: Steering the UE to a network slice in a different frequency band
· General description: If UE triggers PDU Session Establishment Request on an S-NSSAI via a cell that does not support it, the CN indicates RAN to handover the UE to a cell that supports this S-NSSAI.
· Pre-conditions: The UE is allocated with Allowed NSSAI which can contain S-NSSAIs supported in different frequency bands, however all S-NSSAIs are supported in all Tracking Areas or the Registration Area.
· Possible impacts on RAN: Support of handover the UE accordingly.
· Analysis: This solution requires CN decision for slices upon UE request. Since CN directly indicates RAN to handover the UE to a cell supporting the concerned S-NSSAI, the UE is still unaware of what slices the new cell/band supports. As a result, this solution may only work after the UE initiates PDU Session Establishment and may need to be performed every time the UE initiates PDU Session Establishment.
In summary, the key that leads to different SA2 solutions for Key Issue #7 is UE/RAN awareness of the frequency-slice relation introduced by CN (e.g. GSMA 5GJA NG.116 as mentioned in SA2’s LS [2]). Without this awareness UE cannot support slice-based cell selection/reselection. But if UE is aware of this and RAN does not (at least not fully aware), there may be misalignment of frequency priorities between CN and RAN. Furthermore, in Solution #17 CN indicates RAN the RFSP Index only for the Target NSSAI (i.e. the requested S-NSSAI that has been rejected). Actually, if RAN is fully aware of frequency-slice relation (e.g. RFSP Index) it can configure frequency priorities in a flexible manner for slices. Based on the above analysis, our observations to Key Issue #7 and the candidate solutions are:

Observation 1: Use-case of Key Issue #7 is valid and can be considered in the RAN2 part of the study.
Observation 2: SA2 solutions for KI#7 either require CN decision/assistance upon UE request (#17 and #31) or introduce restrictions in UE slice usage and slice-specific frequency priorities at UE side (#29 and #30).
In summary, considering the fact that the SA2 study is still ongoing, the descriptions of some solutions are not complete and down-selection of the solutions needs to be done by SA2, it is recommended that RAN2 start studying solutions wrt objective 1 independent to SA2’s work .
Proposal 2: RAN2 to start studying solutions wrt objective 1 independent to SA2’s work.

Proposal 3: RAN2 to study SA2 solution(s) on Key Issue #7 only upon request from SA2 and if time allows.
3 Conclusion

In this contribution we have addressed the candidate scenarios and requirements which can be considered in this study. Furthermore, we provided a first analysis of the Key Issue #7 that is considered in the ongoing SA2 study. As result, the following proposals were made:
Proposal 1: RAN2 to agree on following scenarios and requirements in the study:

· Consider restrictions in the availability of network slices to certain frequency bands.

· Consider UE-initiated and NW-initiated cell reselection to cell(s) operating on frequency band(s) for specific network slices.
Proposal 2: RAN2 to start studying solutions wrt objective 1 independent to SA2’s work.

Proposal 3: RAN2 to study SA2 solution(s) on Key Issue #7 only upon request from SA2 and if time allows.
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