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1	Introduction
In this contribution we evaluate the access delay in different scenarios when the slice support varies in different parts of the network.
2	Discussion
2.1	Evaluated Solutions
2.1.1	Preferred frequency for slice
This is a combination of solution 1 and 5 in the [Post111-e][916][Slicing] e-mail discussion. The solutions are described in detail in [1]. The slices in the Allowed NSSAI are supported in all cells of the RA, but are only fully served at the preferred frequencies of the slice. In Idle and Inactive mode, the UE is directed to preferred frequencies of used slices using dedicated frequency priorities, and in Connected mode, HO, Release with re-direct or CA/DC is used to send the data on the preferred frequency. 
 2.1.2	Dedicated frequency for slice
This is a combination of solution 1 and 6 in the [Post111-e][916][Slicing] e-mail discussion. The solutions are described in detail in [1]. Cells with different slice support are in different RA’s. In Idle and Inactive mode, the UE is directed to the dedicated frequencies for the used slices, using dedicated frequency priorities. In connected mode, HO or re-direction is used to move the UE to cell supporting the intended slice. New signalling is introduced between AMF and gNB to inform the gNB when there is an intended slice that is served at another frequency.
2.1.3	UE is aware of frequencies of Intended slice(s).
In connected mode the UE is directed to the frequency of the slice through either solution 5 or 6. In idle mode the UE is aware of frequencies used by the slices and can use that information to select the cell that serve the intended slice. It can be solution 2 or 3 in the [Post111-e][916][Slicing] e-mail discussion, or some other solution. 
2.3	Evaluation of Access Delay
2.3.1	Scenarios for Slice Access
In the WID it is stated that RAN2 should study ‘UE fast Access to slice supporting the intended slice’. There are several different scenarios for slice access, depending on UE state and currently used slices. It has been agreed that both cell selection and cell re-selection should be studied, and that both Idle, Inactive and Connected mode is to be studied. The scenarios for slice access are:
· Access to slice not in Allowed NSSAI
If the intended slice is not in the Allowed NSSAI, the UE will have to access the NW on another slice, and request to add the slice to the Allowed NSSAI over NAS. The access may be initiated in either Idle, Inactive of Connected mode. Since there is no ongoing service, the access delay is not critical.
· Access to slice with no PDU session
If the slice is in the Allowed NSSAI, but there is no active PDU session on the slice, the UE will start with PDU session set-up. This can be done using the intended slice. The UE is typically in Idle mode, but if there is traffic on another slice, it may be in Inactive or Connected mode as well. The access delay is not critical since there is no ongoing service.  
· Access to slice with no active PDU session
If there is a PDU session, but the UE is released to Idle, the DRB’s of the session are closed. From a RAN perspective this is similar to the scenario with no PDU session. When the UE access the NW, the PDU session will be re-established towards RAN. UE’s with active GBR flows with delay requirements should not be released to Idle, so this scenario will only occur when there is no ongoing service with delay requirements. Therefore, the access delay is not critical.
· Access to slice with active PDU session
In this scenario, the UE may be in Inactive of Connected mode. If the ongoing service is URLLC, it is expected that the UE will be kept in Connected mode to limit access delay. There may be ongoing traffic on one or several slices. This is the most delay critical access scenario, since there is an ongoing service.
The Slice Access delay is most critical when there is an active PDU session, and least critical when the slice is not in the Allowed NSSAI, since there will not be an active service then. 
[bookmark: _Toc54304114]The Slice Access delay is most critical when there is an active PDU session, and least critical when the slice is not in the Allowed NSSAI. 

2.3.2	Access to slice with active PDU session
In all three solutions, when the UE is in connected mode, the NW will ensure that the UE stays in cells that can give required performance for active PDU sessions. In case the UE moves to an area where there is no common frequency for all active slices, connectivity will be maintained through DC if preferred frequencies are used, while one PDU session will be closed in the case of dedicated frequencies. In this scenario, the slice access delay is not impacted by the fact that all slices are not supported in all cells.
In inactive mode, the dedicated frequency priorities will ensure that the UE is served at the frequency that is preferred/dedicated for the slices of the UE. If the UE moves to an area where there is no common frequency for all active slices, the behaviour is slightly different depending on solution: 
Preferred frequency: The UE will be steered to the frequency preferred for the slice with tightest delay requirements. If the UE is accessing the cell in order to send data on a slice with another preferred frequency, the gNB will set up DC in order to serve the UE. There might be a short delay for this procedure, but it should be acceptable.
Dedicated frequency: When entering the area with different slice support, the RA is changed, and the UE will have to do RA update. The UE will then be updated with new Allowed NSSAI’s, and only slices supported in this RA will be included. PDU sessions on other slices will be closed.
UE aware of slice support: The behaviour will be the same as without UE awareness, and the access delay the same as with the solutions above.
[bookmark: _Toc54304115]When there is an active PDU session, the UE will, if possible, remain at a frequency that serves all slices of the UE. For the special case when that is not possible, UE awareness of slice frequency will not improve the performance.
2.3.3	Access to slice with no active or no PDU session
Both during mobility in idle/inactive and connected mode, the frequencies of slices in the Allowed NSSAI will be taken into account, so if there is a common frequency for all slices in the Allowed NSSAI, the UE will be connected to/camping in a cell that can serve all slices of the UE. 
In the special case when there is no common frequency for all slices in the UE, there is a possibility that the UE will move to a cell using a frequency that is not preferred or dedicated for a slice in the Allowed NSSAI. 
Preferred frequency: If the application in the UE has data to transmit data for a slice with no PDU session, it will connect to the cell and request to establish a PDU session. If the cell is not preferred for the slice, the reason is that the preferred frequency cannot be used for all slices of the UE, or there is no coverage at the preferred frequency. In the case when the preferred frequency can be used by all slices with active PDU sessions, the UE will be moved to that frequency. Otherwise, the UE will be served in current cell, possible using DC, or the PDU session will be denied.
If the UE is re-directed to another frequency, the UE will have to receive the SIB of that cell before it can connect and resume PDU session establishment. 
Dedicated frequency: When entering the area with different slice support, the RA is changed, and the UE will have to do RA update. The UE will then be updated with new Allowed NSSAI’s, and only slices supported in this RA will be included. The UE will not be allowed to initiate a new PDU session on this slice until it is added to the Allowed NSSAI again.
UE aware of slice support: In most cases the behaviour is similar as without UE awareness. However, in the special case when preferred frequencies are used, there is no common frequency for all slices in the Allowed NSSAI, and the UE is camping in a cell that is not serving the intended slice, the UE can use the information when selecting cell. In case when there is a common frequency preferred for all active PDU sessions, and there is a cell at that frequency with sufficient channel quality, the UE will connect to that frequency instead of the current cell.
The UE will have to receive SIB of the new cell, so there will be some extra delay compared to connecting to the current cell. It is unclear how much time will be saved compared to the case when the UE is re-directed after connecting to the current cell. 
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2.3.4	Access to slice not in Allowed NSSAI
If a slice is not in the Allowed NSSAI, the RAN will normally not take the frequencies used by the slice into account when configuring dedicated frequency priorities. Therefor there is a risk that the UE is connected to or camping in a cell that is not preferred/supporting the slice. 
If the application in the UE has data to transmit for a slice that is not in the Allowed NSSAI, the UE will have to access the NW on another slice and over NAS request to add the slice to the Allowed NSSAI. 
Preferred frequency: If the UE is requesting to add a slice to the NSSAI that is not supported in the cell, the request will be denied, but RAN will re-direct the UE to another frequency where the slice is supported. 
Dedicated frequency: The AMF will accept the request to add the slice to the allowed NSSAI. RAN will re-direct the UE to the preferred frequency.
UE aware of slice support: If the UE is in RRC idle or inactive mode when the application in the UE has data to transmit for a slice that is not in the Allowed NSSAI, the UE can consider frequencies preferred or dedicated for the slice, and if there is a common frequency for the intended slice and other active slices, the UE can select a cell at that frequency. 
The UE will have to receive SIB of the new cell, so there will be some extra delay compared to connecting to the current cell. It is unclear how much time will be saved compared to the case when the UE is re-directed after connecting to the current cell. 
[bookmark: _Toc54304117]When the intended slice is not in the Allowed NSSAI, there is a risk that the UE is camping on a cell that is not supporting the slice. In that case the UE can make use of awareness of slice support and preferred frequencies when selecting cell. However, it is unclear if there is a significant impact on the access delay.
As analysed above, there is no gain from slice frequency awareness in the scenarios where access delay is critical. When starting up a new service, there may be a small gain, in the special case when the UE is camping at a frequency not served by the slice, but we do not expect that it would be significant for the user experience. We ask RAN2 to agree on the following:
[bookmark: _Toc54304124]The expected gain in terms of shorter access delay does not motivate the introduction of solutions where UE is aware of frequencies used by slices. 
Conclusion
In the previous sections we made the following observations: 

1. The Slice Access delay is most critical when there is an active PDU session, and            least critical when the slice is not in the Allowed NSSAI. 
When there is an active PDU session, the UE will, if possible, remain at a frequency that serves all slices of the UE. For the special case when that is not possible, UE awareness of slice frequency will not improve the performance.
Only in very special cases UE can make use of awareness of frequencies preferred for slices, when the slice is in the Allowed NSSAI, but there is no active PDU session. Also, it is unclear what the impact is on the access delay. 
When the intended slice is not in the Allowed NSSAI, there is a risk that the UE is camping on a cell that is not supporting the slice. In that case the UE can make use of awareness of slice support and preferred frequencies when selecting cell. However, it is unclear if there is a significant impact on the access delay.

Based on the discussion in the previous sections we propose RAN2 to agree on the following:
Proposal 1	The expected gain in terms of shorter access delay does not motivate the introduction of solutions where UE is aware of frequencies used by slices. 
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