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1	Introduction
In the SID, RP-193254, it is stated that RAN2 should:
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

In this contribution we will focus on 1a and discuss objectives for why a slice would only be served on some specific frequencies, and we describe what can be achieved to ensure fast slice access within existing standard without UE impact (Rel-16). Text proposal for TR38.832 is provided. 
Also, LS from SA2 [1] is discussed and draft reply text is proposed. 
[bookmark: _Ref178064866]2	Discussion
2.1 Serving slice traffic on different frequencies
Normally, best system performance is achieved when all slices can be served on all frequencies. This design will give RAN full freedom to distribute the traffic on all available radio resources so that service performance is maximized, and it will ensure that UE’s that don’t support all frequencies will still be able to use the desired slice. Through slice aware scheduling, slices can be isolated in the resource domain, and QoS requirements as well as slicing SLA’s can be fulfilled by directing the UE to the frequency where the UE is best served in current load. 
However, in a few scenarios, it may be desired to serve slices on different frequencies.
Reasons for serving slice traffic on different frequencies may be: 
1. Isolation of radio interference between slices is required.
· It is required that the radio conditions on a slice is consistent and not affected by varying interference caused by traffic on other slices.
· Different requirements on interference levels for different slices.
· Examples: At a factory site, full control of the radio interference may be required, and for URLLC applications, lower interference levels may be required in the network.
2. Isolation of Control Plane traffic is required.
· It is required that the control channel capacity on a slice is consistent and not affected by traffic on other slices.
· Full functionality of Access Barring is required within the slice. 
· Use case could be public safety applications. 

These reasons above are covered by three use cases, Private Local slice, URLLC slice and Public Safety slice. We think these use cases are good for evaluations, and should be included in the TR. It can be noted that the Public Safety use case is relevant for both Slice based cell reselection and slice based RACH configuration, so it should be placed in a section that is common for fast access to slice. 
Proposal 1: Introduce the use case descriptions provided in the Annex to the TR 38.832, chapter 5.1.1.
2.2 Existing Solutions using Network Controlled Mobility
In order to evaluate new standardization proposals, it is vital to study what can be achieved within current standard and use as a baseline to compare any improvement proposals. 
Within the current standard there are two main network design options available to ensure that slice traffic is served at different frequencies: Dedicated frequency or Preferred frequency. The methods and their merits and drawbacks are described below.
Dedicated Frequency for slices
A specific frequency is dedicated for one or more specific slices in an area, and cells on that frequency only serve those specific slices. A specific TAI is used for the cells serving the slice(s). The TAI is only included in the Registration Area of UEs that may access the slice. .
The UE is assigned an Allowed NSSAI over NAS. This including all slices that it may access in the current RA. The Allowed NSSAI will only include slices served by the current cell. 
Advantage is that total isolation is achieved of both UP and CP traffic for one or more slices deployed on the specific frequency. This option requires that opportune planning is carried out in terms of ensuring that the UEs that need to access the slice can also support the frequency on which the slice is deployed.
Preferred Frequency for slices
The slices are supported on all frequencies, and cells in the same geographical area may use the same TAI, but slices are assigned to ‘preferred frequencies’ where the slice traffic should be served if possible. RAN nodes could be pre-configured with preferred frequencies per slice, and/or the RFSP index could be used to signal preferences from the CN. 
The UE is assigned an Allowed NSSAI over NAS. This including all slices that it may access in the current RA. Even slices that use another preferred frequency may be included in the Allowed NSSAI.
The preferred frequency is taken into account at HO and when setting frequency priorities for idle mode mobility.
If a UE has no coverage at/ or it does not support the preferred frequency or is using another slice simultaneously that is served on a different preferred frequency, the UE might connect to a cell at another frequency.
If a UE is starting a PDU session in a cell that is not at the preferred frequency, the RAN may move the UE to a cell at the preferred frequency or use CA/DC to send the UP data on the preferred frequency. If the UE can’t use the preferred frequency, the RAN should admit the PDU session on another frequency. In that case, it may use Admission Control and/or scheduling priority to ensure that the load from slices not preferred in the cell is properly policed.
[bookmark: _Hlk46743153]The advantage with this method is that it is very flexible. It can be used to achieve isolation of UE interference if all UP data (DRB) is transmitted at the preferred frequency. Or, if only CP isolation is required, e.g. for public safety, a specific frequency could be used as preferred frequency for that slice so that only public safety UEs camp on that frequency, but CA/DC can be used to spread the UP load evenly on all frequencies.
2.3 Mobility and Slice Access in Rel 16
In order to ensure fast access to a cell serving the slice when slices are served at different frequency bands, the UE should, when possible, be staying on the preferred/dedicated frequency during mobility. In this section we describe how that can be obtained within current standard.

Connected Mode mobility:
Preferred or Dedicated Frequencies of slices in Allowed NSSAI are taken into account when deciding which frequencies the UE will measure on.
When selecting a target cell at HO, Preferred or Dedicated frequencies of slices in the Allowed NSSAI is taken into account, and the network will try to find a target cell that serves all slices of the UE, or at least slices with active PDU sessions.
If preferred frequencies are used, and there are active PDU sessions of slices that have other preferred frequencies than target cell, the target cell will set up CA or DC to transmit the UP data on the preferred frequencies.
If dedicated frequencies are used, and the target cell does not support all slices in the Allowed NSSAI, slices not served will be removed from the Allowed NSSAI and added to the rejected NSSAI. PDU sessions that belong to slices not served in the new cell are closed. 
If UE requests to add a slice at another frequency to the allowed NSSAI, it will be rejected by AMF. RAN will not be informed of the request, so it is not able to move the UE to the other frequency. 
If using dedicated frequencies in a Rel 16 network, UE’s should be pre-configured with the frequency dedicated for the slice to ensure that the UE is not trying to connect at another frequency. In order to allow a UE to change between different slices with different dedicated frequencies, RAN-CN signaling changes are needed so that RAN is aware of required slices and is able to direct the UE to correct frequency.

Idle and Inactive Mode mobility:
Preferred or Dedicated Frequencies of slices in Allowed NSSAI are taken into account when configuring Registration Area frequency priorities.
UE will do a RA update if selecting a new cell that is not part of the RA, and the Allowed NSSAI will be updated if needed. 
If dedicated frequencies are used, and some slices in the Allowed NSSAI is not served in current cell, the slices are removed from the Allowed NSSAI. And slice(s) are included in rejected NSSAI. UE is configured with RA and frequency priorities taking the (new) Allowed NSSAI into account.
Observation 1: When dedicated frequencies are used, UE is always updated with an Allowed NSSAI that only includes slices served on the current frequency. For all slices in the allowed NSSAI, there will be no extra delay for slice access.
Observation 2: With dedicated frequencies, if UE tries to access a slice not served in the current cell/frequency, the AMF will reject slice access. This can be avoided if the UE is pre-configured with the dedicated frequency of the slice. 
Observation 3: With dedicated frequencies, to enable that the UE can access a slice not served in the current cell/frequency, new CN-RAN signaling should be introduced, sending the rejected NSSAI to RAN. RAN will then be able to move the UE to the cell/frequency that serves the slice. This is RAN3 scope. 
Observation 4: When preferred frequencies are used, the UE may be connected to/camp in a cell that is not preferred for a specific slice in the Allowed NSSAI. When accessing the slice in that case, there may be extra delay for setting up CA/DC, or redirecting the UE to the preferred frequency. However, this delay will be short, since the UE should have measurements available for the preferred frequency. 
Proposal 2: Introduce the descriptions of the solutions with dedicated frequencies and preferred frequencies, provided in the Annex to the TR 38.832, chapter 5.1.2.
2.4 Homogeneous slice support in RA
For Rel 15 slicing it was agreed that slices in the Allowed NSSAI shall be supported within the whole RA. This is captured in TS 38.300 as below (yellow-marked):
Slice Availability:
Some slices may be available only in part of the network. The NG-RAN supported S-NSSAI(s) is configured by OAM. Awareness in the NG-RAN of the slices supported in the cells of its neighbours may be beneficial for inter-frequency mobility in connected mode. It is assumed that the slice availability does not change within the UE's registration area.
This will ensure that the Allowed NSSAI remains valid during idle mode mobility. As described above, it is possible to configure the system so that the slices are served on wanted frequencies, either by reserving frequencies for slices, and use different TAI’s or by configuring the network with preferred frequencies. There is therefore no reason to challenge the agreement above also because such change would cause substantial system’s impacts and a considerable redesign of the network slicing functions introduced in Rel15 and Rel16.
Observation 5: No changes are needed to the current specifications stating that “slice availability does not change within the UE's registration area”.
2.5 SA2 LS on 5GC Assisted Cell Selection for access in network slice
In the LS [1], SA2 asks RAN2 for feedback on a use case provided in S2-2001467. 
In S2-2001467 a use case is described where two slices use different frequency bands in the same geographical area, and it is described how the UE is not allowed slice access if accessing the network at the frequency dedicated for another slice. The contribution further propose that S-NSSAI-aware 5G-AN selection should be studied to avoid the situation.
The scenario is valid if dedicated frequencies are used, but not for preferred frequencies. 
Frequency separation can be obtained either through dedicated frequencies per slice, or with preferred frequencies per slice, where UE’s are served on the preferred frequency when possible, but Ue’s are allowed to access slice on other frequencies when the preferred frequency is not available. With preferred frequencies, slice access will not be blocked if the UE is on the wrong frequency. The gNB will just move the UE after the access, or use DC/CA to serve the UE on the other frequency. 
If dedicated frequencies are used, the slice will not be in Allowed NSSAI of UE’s connected to other frequencies, as described in the referenced contribution S2-2001467. 
We note that S-NSSAI-aware 5G-AN selection (access to the slice on the other frequency) can be achieved via network controlled HO and/or re-direction, if RAN is informed by the CN of what slice/frequency the UE want to access. 
Proposal 3: Respond to SA2 that: 
· Frequency separation can be obtained either through dedicated frequencies per slice, or with preferred frequencies per slice, where UE’s are served on the preferred frequency when possible, but UEs are allowed to access slice on other frequencies when the preferred frequency is not available. 
· With preferred frequencies, slice access will not be blocked if the UE is on the wrong frequency. 
· The gNB will move the UE after the access, or use DC/CA to serve the UE on the other frequency. 
· If dedicated frequencies are used, the slice will not be in Allowed NSSAI of UE’s connected to other frequencies, as described in the referenced contribution. 
· S-NSSAI-aware 5G-AN selection (access to the slice on the other frequency) can be achieved via network controlled HO and/or re-direction, if RAN is informed by the CN of what slice/frequency the UE want to access.

3. Conclusion
In the previous sections we made the following observations: 
When dedicated frequencies are used, UE is always updated with an Allowed NSSAI that only includes slices served on the current frequency. For all slices in the allowed NSSAI, there will be no extra delay for slice access.
With dedicated frequencies, if UE tries to access a slice not served in the current cell/frequency, the AMF will reject slice access. This can be avoided if the UE is pre-configured with the dedicated frequency of the slice. 
With dedicated frequencies, to enable that the UE can access a slice not served in the current cell/frequency, new CN-RAN signaling should be introduced, sending the rejected NSSAI to RAN. RAN will then be able to move the UE to the cell/frequency that serves the slice. This is RAN3 scope. 
When preferred frequencies are used, the UE may be connected to/camp in a cell that is not preferred for a specific slice in the Allowed NSSAI. When accessing the slice in that case, there may be extra delay for setting up CA/DC, or redirecting the UE to the preferred frequency. However, this delay will be short, since the UE should have measurements available for the preferred frequency. 
No changes are needed to the current specifications stating that “slice availability does not change within the UE's registration area”.

Based on the discussion in the previous sections we propose the following:
Proposal 1: Introduce the use case descriptions provided in the Annex to the TR 38.832, chapter 5.1.1.
Proposal 2: Introduce the descriptions of the solutions with dedicated frequencies and preferred frequencies, provided in the Annex to the TR 38.832, chapter 5.1.2.
Proposal 3: Respond to SA2 that:
 -	Frequency separation can be obtained either through dedicated frequencies per slice, or with preferred frequencies per slice, where UE’s are served on the preferred frequency when possible, but UEs are allowed to access slice on other frequencies when the preferred frequency is not available. 
-	With preferred frequencies, slice access will not be blocked if the UE is on the wrong frequency. 
-	The gNB will move the UE after the access, or use DC/CA to serve the UE on the other frequency. 
-	If dedicated frequencies are used, the slice will not be in Allowed NSSAI of UE’s connected to other frequencies, as described in the referenced contribution. 
-	S-NSSAI-aware 5G-AN selection (access to the slice on the other frequency) can be achieved via network controlled HO and/or re-direction, if RAN is informed by the CN of what slice/frequency the UE want to access.
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[bookmark: _Toc46765281]5	Study mechanisms to enable UE fast access to the cell supporting the intended slice
5.1	Slice based cell reselection under network control
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Editor Note: capture the use cases description and benefits of the use cases
5.1.1.1	Private Local slice
At a factory site/mine or similar, dedicated cells are used to serve the operation in the area. No other traffic is allowed on the cells, and factory UE’s should always be served by the dedicated cells when within the coverage area. A local slice is used for the site. The UE’s can be moved outside the coverage area of the slice, and will then be using other slices.
5.1.1.2	URLLC slice
In a network, URLLC traffic is served at a specific slice. In order to fulfil the high QoS requirements of the traffic, a low frequency band is used, and the acceptable interference on the slice is lower than in the rest of the network. The UE’s using the slice may use other slices simultaneously.
5.1.1.3	Public Safety slice
In a network, a specific slice is used for public safety. The traffic in the slice is generally low, but it may be very high during an emergency. The interference requirements of the slice are similar as in the rest of the network, but it is important that both the control plane and user plane traffic is prioritized over traffic from other slices. Also it should be possible to differentiate different kinds of CP traffic within the same slice, using several Access Barring priority levels. 
The UEs using the slice may use other slices simultaneously.
5.1.2	Solution description
Editor Note: Capture the solutions for the use case.
5.1.2.1	Solutions using Network Controlled Mobility
Editor Note: Capture the solutions for the use case.
5.1.2.1.1 General
Fast access to slices is ensured by the network using 
-	handover and redirection in RRC-connected mode, and 
-	frequency priorities assigned to the UE to be used in RRC-Idle and RRC-inactive.
These mechanisms exist already in Rel-16 standards.
In the following sections, RAN (and CN) solutions are described to allow the network operator to manage slicing policies per frequency.
5.1.2.1.2	Dedicated frequency
A specific frequency is dedicated for a slice in an area, and cells on that frequency only serve this slice.
A specific TAI is used for the cells serving the slice. The TAI is only included in the Registration Area of UEs that are allowed to access the slice.
UE is always updated with an Allowed NSSAI through NAS signaling. that only includes slices served on the current frequency. 
If UE tries to access a slice not served in the current cell/frequency, the AMF will reject slice access. RAN will not be informed of the request, so it is not able to move the UE to the other frequency. This can be avoided if the UE is pre-configured with the dedicated frequency of the slice, but then the UE would not be able to use other slices at other frequencies. 
To enable that the UE can access a slice not served in the current cell/frequency, new CN-RAN signaling should be introduced, sending the rejected NSSAI to RAN. RAN will then be able to move the UE to the cell/frequency that serves the slice. This is RAN3 scope. 
Advantage is that total isolation is achieved of both UP and CP traffic for one or more slices deployed on the specific frequency. A drawback is that load sharing between frequencies is not possible, so the spectral efficiency is lower. This is a good solution for the Private Local Slice use case.
5.1.2.1.3	Preferred frequency for UP traffic (DRB)
The slices are supported on all frequencies, and cells in the same geographical area may use the same TAI, but slices are assigned ‘preferred frequencies’ where the slice should be served if possible. RAN nodes could be pre-configured with preferred frequency per slice, and/or the RFSP index could be used to signal preferences from the CN. 
This solution can be implemented based on Rel-15 slicing, and no standard changes are needed.
The preferred frequencies of all slices in Allowed NSSAI are taken into account when selecting frequencies to measure on, at HO and when setting frequency priorities for idle mode mobility.
If a UE has no coverage at/ or it does not support the preferred frequency of a requested slice, or is using another slice simultaneous that is served at a different preferred frequency, the UE might connect to a cell at another frequency.
If a UE is starting a PDU session in a cell that is not at the preferred frequency, the RAN will if possible, use CA/DC to send the UP traffic (DRB) at the preferred frequency. If the UE can’t use the preferred frequency, the RAN should serve the PDU session on another frequency. In that case, it may use Admission Control and/or scheduling priority to ensure that the load from slices not preferred in the cell is properly policed.
Advantage is that slices with specific requirements can be directed to a specific frequency and the interference level can be controlled independently per slice. If the preferred frequency is not available, an UE will still be served, so service continuity is maintained. This is a good solution for the URLLC slice use case. 
5.1.2.1.4	Preferred frequency for CP traffic
Similar to 5.1.2.2, but the preferred frequency only specifies what cells the UE should camp at/use as primary cell. In case a UE connects to the frequency that is not preferred for the UE, RAN will try to re-direct the UE to another frequency. CA is used to spread the UP traffic evenly over all frequencies. The slice will have use of the whole CP at the frequency, and can use all access barring classes within the slice.
This solution can be implemented based on Rel-15 slicing, and no standard changes are needed.
Advantage is that slice have control of the CP, and can use full Access Barring functionality within the slice. When the traffic is low on the slice, the frequency can be used for UP traffic other slices. This is a good solution for the Public Safety use case. 
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