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1. [bookmark: _Ref165266342]Introduction
A study item on RAN slicing was approved in RAN#86 [1]. The objective of the study item states:
	[bookmark: _Hlk47429453]The study item aims to investigate enhancement on RAN support of network slicing. Detailed objectives of the study item are:
1. Study mechanisms to enable UE fast access to the cell supporting the intended slice, including [RAN2]
1. Slice based cell reselection under network control
1. Slice based RACH configuration or access barring
 Note: whether the existing mechanism can meet this scenario or requirement can be studied.

1. Study necessity and mechanisms to support service continuity, including [RAN3]
1. For intra-RAT handover service interruption, e.g. target gNB doesn’t support the UE’s ongoing slice, study slice re-mapping, fallback, and data forwarding procedures. Coordination with SA2 is needed. 

Note: This study item should take SA2 output on slicing enhancement into consideration if RAN impacts are identified.
Note: The use of RAN slicing in given cells shall not prevent from accessibility for Rel-15 and Rel-16 UEs.


In our understanding the study aims to enable a use case where different network slices may be available on different frequencies. In this contribution we discuss legacy mechanisms to enable such use case as well as enhancements that could be investigated to address new requirements.
2. IDLE mode solutions
2.1 Dedicated priorities
RAT/Frequency Selection Priority (RFSP) is provided by AMF to RAN and can be used by RAN to prioritize a UE’s camping frequency/RAT. Furthermore, RFSP information can take into account network slices available to the UE. 3GPP TS 23.501 [2] states the following for RFSP:
	To support radio resource management in RAN the AMF provides the parameter 'Index to RAT/Frequency Selection Priority' (RFSP Index) to RAN across N2. The RFSP Index is mapped by the RAN to locally defined configuration in order to apply specific RRM strategies, taking into account any available information in RAN. The RFSP Index is UE specific and applies to all the Radio Bearers. Examples of how this parameter may be used by the RAN:
-	to derive UE specific cell reselection priorities to control idle mode camping.
-	to decide on redirecting active mode UEs to different frequency layers or RATs.
The HPLMN may set the RFSP Index taking into account the Subscribed S-NSSAIs. The AMF receives the subscribed RFSP Index from the UDM (e.g., during the Registration procedure).



Observation 1: RFSP information can be used to prioritize camping frequencies taking into account the slice(s) required by a UE
The prioritized camping information (aka dedicated priorities) is provided to the UE in RRC Release message. Dedicated priorities would not be available to the UE prior to first RRC connection establishment and only remain valid before T320 expires upon entering IDLE mode.
Observation 2: Dedicated priorities would not be available to the UE prior to first RRC connection establishment and only remain valid before T320 expires upon entering IDLE mode
Proposal 1: Discuss if dedicated priorities are sufficient for UE to support “fast access to cell supporting intended slice”
2.2 Frequency-Slice information
Another approach could be to provide UE with information about the slices available on different frequencies. Then the UE may camp on the frequency which can provide all network slices that the UE requires. However, there may be scenarios where no frequency may provide all the slices. In such case the UE may camp on a frequency based on legacy reselection rules and chose to reselect to a frequency providing the intended slice prior to access. 
Observation 3: Information about slices available on different frequencies enables UE camp on a frequency providing all the slices it requires (if such frequency exists)
Proposal 2: Discuss if information about slices available on different frequencies is needed for UE to support “fast access to cell supporting intended slice”
To enable such behaviour the UE would need to know the intended slice prior to performing access. For mobile-originated call, such information could be made available from non-access stratum (NAS) to access stratum (AS). For mobile-terminated call the intended slice information would need to be included in the paging message for the UE.
Observation 4: UE needs to know intended slice for MO/MT data/signalling in order to perform access on frequency of the slice if camping frequency does not support that slice
Proposal 3: Discuss if UE needs to perform access on frequency of intended slice if camping frequency does not provide that slice in order to support “fast access to cell supporting intended slice”

2.3 RACH configuration
If a cell only supports one network slice, then the RACH configuration on that cell can be optimized to meet the requirements of the slice. For example, the periodicity of RACH could be tuned to meet the access latency requirement of the slice. However, if a cell supports multiple network slices then multiple RACH configurations (e.g. periodicity) and/or RACH parameters (e.g. backoff factor) may be needed to meet each slices’ requirements. Furthermore, each RACH configuration/parameter set would need to be associated with a slice to enable the UE to select the appropriate configuration/parameters for access. Similar to previous discussion, the UE would also need know the intended slice for MO/MT data/signalling prior to performing access.
Observation 5: Multiple RACH configurations/parameters may be needed if multiple network slices are supported on a cell
Observation 6: RACH configurations/parameters would need to indicate the associated slice to enable the UE to select the appropriate configuration/parameters for access if multiple network slices are supported on a cell
Observation 7: UE needs to know intended slice for MO/MT data/signalling prior to access in order to select associated RACH configuration/parameters if multiple network slices are supported on a cell
Proposal 4: Discuss if separate RACH configuration/parameters are needed in a cell supporting multiple slices
2.4 Access Barring
Access barring could be used to ensure one slice does not overwhelm the resource of the cell in case multiple slices are deployed on the same cell. Unified Access Barring (UAC) introduced in Rel-15 associates an ‘access identity’ and an ‘access category’ with each UE access. At high level, ‘access identity’ defines who the UE is (e.g. Multimedia Priority Service, Mission Critical Service etc.) and ‘access category’ defines what a user does (e.g. emergency, MMTEL voice session etc.). Operator defined access categories, e.g. based on network slice, can also be provided to the UE during registration and can be used to differentiate the access barring control for different slices.
Observation 8: Operator defined access categories can be used to provide separate access barring control for different slices deployed on a cell
Proposal 5: Discuss if Rel-15 Unified Access Barring is sufficient to differentiate access barring control for different slices deployed on a cell

3. CONNECTED mode solutions
The UE may be in CONNECTED mode on a frequency due to ongoing data/signalling on a slice and may need to access a different slice not available on that frequency. In such situations the network may enable Dual-Connectivity/Carrier-Aggregation between the frequencies of the different slices. Alternatively, the network may perform handover or redirect the UE to the other frequency. 
Observation 9: DC/CA/Handover/Redirection can be used in case a UE in CONNECTED mode requires access to a slice not available on current frequency
Proposal 6: Discuss if CONNECTED mode solutions are needed to support fast access to cell supporting intended slice when the slice is not available on current frequency

4. UE capability check
The underlying assumption in the above discussion is that the AMF allows all network slices (in the ‘Allowed NSSAI’ list) that the UE requests during registration. In case a network slice is only available on certain frequency the AMF and RAN should ensure that the UE’s radio capabilities support the frequency of the slice before allowing it in the ‘Allowed NSSAI’ list during registration. The UE Radio Capability Check procedure over N2 interface is used by the AMF to request the NG-RAN node to derive and provide an indication to the AMF on whether the UE radio capabilities are compatible with the network configuration for IMS voice. The capability check procedure could be extended to enable the AMF to check if the UE’s radio capabilities are compatible with the RAN configuration for different slices requested by the UE.
Observation 10: The AMF and RAN should ensure that the UE’s radio capabilities support the frequencies of the slices included in the ‘Allowed NSSAI’ list during registration
5. Conclusion
In this document, we have discussed legacy mechanisms to enable a use case where different network slices may be available on different frequencies as well as studied enhancements that could be investigated to address new requirements.
[bookmark: _GoBack]The following observations and proposals have been made:
Observation 1: RFSP information can be used to prioritize camping frequencies taking into account the slice(s) required by a UE
Observation 2: Dedicated priorities would not be available to the UE prior to first RRC connection establishment and only remain valid before T320 expires upon entering IDLE mode
Observation 3: Information about slices available on different frequencies enables UE camp on a frequency providing all the slices it requires (if such frequency exists)
Observation 4: UE needs to know intended slice for MO/MT data/signalling in order to perform access on frequency of the slice if camping frequency does not support that slice
Observation 5: Multiple RACH configurations/parameters may be needed if multiple network slices are supported on a cell
Observation 6: RACH configurations/parameters would need to indicate the associated slice to enable the UE to select the appropriate configuration/parameters for access if multiple network slices are supported on a cell
Observation 7: UE needs to know intended slice for MO/MT data/signalling prior to access in order to select associated RACH configuration/parameters if multiple network slices are supported on a cell
Observation 8: Operator defined access categories can be used to provide separate access barring control for different slices deployed on a cell
Observation 9: DC/CA/Handover/Redirection can be used in case a UE in CONNECTED mode requires access to a slice not available on current frequency
Observation 10: The AMF and RAN should ensure that the UE’s radio capabilities support the frequencies of the slices included in the ‘Allowed NSSAI’ list during registration

Proposal 1: Discuss if dedicated priorities are sufficient for UE to support “fast access to cell supporting intended slice”
Proposal 2: Discuss if information about slices available on different frequencies is needed for UE to support “fast access to cell supporting intended slice”
Proposal 3: Discuss if UE needs to perform access on frequency of intended slice if camping frequency does not provide that slice in order to support “fast access to cell supporting intended slice”
Proposal 4: Discuss if separate RACH configuration/parameters are needed in a cell supporting multiple slices
Proposal 5: Discuss if Rel-15 Unified Access Barring is sufficient to differentiate access barring control for different slices deployed on a cell
Proposal 6: Discuss if CONNECTED mode solutions are needed to support fast access to cell supporting intended slice when the slice is not available on current frequency
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