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Introduction 
A new SI [1] was introduced in the RAN plenary on enhancement of RAN slicing with the following objective:
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.

RAN2 also receives a LS [2] from SA2 related to a GSMA LS to SA to investigate the use of specific carrier frequency to access a specific network slices, as a possible tool for operators to offer the service isolation/management. This has been included as Key Issue#7 by SA2 in [3].
This contribution prioritizes the discussion of slice based cell reselection under network control in RAN2 study item and the key issue#7 in SA2.
Discussion
Rel-15 UE cell selection/reselection behaviour in idle mode
In Rel-15, UE performs cell selection either by initial cell selection or using its stored information to find a suitable cell as shown below from [2]:
a)	Initial cell selection (no prior knowledge of which RF channels are NR frequencies):
1.	The UE shall scan all RF channels in the NR bands according to its capabilities to find a suitable cell.
2.	On each frequency, the UE need only search for the strongest cell.
3.	Once a suitable cell is found, this cell shall be selected.
b)	Cell selection by leveraging stored information:
1.	This procedure requires stored information of frequencies and optionally also information on cell parameters from previously received measurement control information elements or from previously detected cells.
2.	Once the UE has found a suitable cell, the UE shall select it.
3.	If no suitable cell is found, the initial cell selection procedure in a) shall be started.
NOTE:	Priorities between different frequencies or RATs provided to the UE by system information or dedicated signalling are not used in the cell selection process.
The aim is to quickly find a suitable cell to camp on and get a service.
Observation#1: For cell selection, the aim of the UE is to find a suitable cell to camp on as soon as possible and priority between different frequencies are not taken into consideration.
For intra-frequency cell reselection, it is based on the best cell.  For inter-frequency cell reselection, it can be based on absolute priority for cell reselection where each frequency is configured with a common or dedicated priority where the common priority is provided over the SIB (i.e. common to all UEs), while dedicated priority is provided to be specific to the UE. Dedicated frequency priority is configured by RAN based on the RFSP index from the AMF. According to TS23.501, the AMF chooses the RFSP Index to use based on the subscribed RFSP Index, the locally configured operator's policies, the Allowed NSSAI and the UE related context information available at the AMF (See below reference extracted from TS23.501).
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). For non-roaming subscribers, the AMF chooses the RFSP Index in use according to one of the following procedures, depending on operator's configuration:
-	the RFSP Index in use is identical to the subscribed RFSP Index, or
-	the AMF chooses the RFSP Index in use based on the subscribed RFSP Index, the locally configured operator's policies, the Allowed NSSAI and the UE related context information available at the AMF, including UE's usage setting, if received during Registration procedures (see clause TS 23.502 [3]).
Observation#2: Inter-frequency cell reselection is based on absolute frequency priorities to steer a UE to an appropriate carrier frequency. Such steering is based on RFSP index which in turn is based on the allowed NSSAI.
Deployment scenarios to be considered
The following deployment scenarios are used to define/analyse the issues for RAN2 and SA2 study:
	Deployment
	eMBB (S1)
	URLLC (S2)

	Scenario 1
	Available in F1, F2
TA
	Available in F2
TA

	Scenario 2
	Available in F1, F2
TA1
	Available in F1 
TA2

	Scenario 3
	Available in F1
Can be the same or different TA to F2
	Available in F2
Can be the same or different TA to F1


Scenario 1: In this scenario, the eMBB slice (S1) is deployed on carrier frequency F1 while eMBB slice (S1) and URLLC slice (S2) are deployed on carrier frequency F2. Both F1 and F2 are deployed in the same TA. 


Scenario 2: In this scenario, the eMBB slice (S1) is deployed on carrier frequency F1 while eMBB slice (S1) and URLLC slice (S2) are deployed in carrier frequency F2. Both F1 and F2 are deployed in different TAs, TA1 and TA2 respectively.


Scenario 3: In this scenario, the eMBB slice (S1) is deployed on carrier frequency F1 while URLLC slice (S2) is deployed in carrier frequency F2. Both F1 and F2 can be in the same TA or in different TA.



It is assumed in all scenarios that the coverage of F1 and F2 overlapped completely for simplification.
Analysing Scenario 1 based on Rel-15 behaviour and possible high-level solutions
Problem definitions
The cell reselection is based on best cell for intra-frequency and on absolute frequency priority for inter-frequency as explained in Section 2.1, Observations#1 and #2.
Where the UE will eventually camp on depends on the setting of the dedicated frequency priorities configuration signalled by the network:
Case i): F1 higher priority than F2 (i.e., eMBB frequency is higher priority than eMBB+URLLC frequency)
Case ii): F2 higher priority than F1 (i.e., eMBB+URLLC frequency is higher priority than eMBB frequency)
For Case i), UE camps on the cell in eMBB frequency due to eMBB frequency, F1, having higher priority. If a session is initiated for URLLC slice by the UE or by the network, the UE has to access via the eMBB frequency and then being handed over by the network to F2 that supports the URLLC slice. This incurs additional access delay for the URLLC slice which may not be desired.
Observation#3: Assuming scenario 1 and F1 priority higher than F2, if UE camps on F1 (containing only eMBB slice) as controlled by the dedicated frequency priority settings, and later a new session associated with the URLLC slice is initiated,  the network will have to perform handover to F2 and this will incur additional access delay due to handover delay for the URLLC slice.
For Case ii), UE camps on URLLC+eMBB frequency due to eMBB+URLLC frequency having higher priority. If a session is initiated only for eMBB slice , the UE first accesses the eMBB service via eMBB + URLLC frequency.  Therefore, UE will initially access via F2 even if the UE is only connecting for eMBB which may not be desired.
Observation#4: Assuming scenario 1 and F2 priority higher than F1, if UE camps on F2 (containing both eMBB and URLLC) as controlled by the dedicated frequency priority settings but only services from eMBB slice is initiated, the UE unnecessarily use the F2 resources intended for when URLLC service is initiated or when both URLLC and eMBB services are initiated.
Based on the Observations#3 and #4, the main issues to solve based on the existing mechanism to access slices are:
· How to keep URLLC frequency layer resources as much as possible for when URLLC traffic is initiated when eMBB slice shared the same frequency as the URLLC slice while there is frequency layer resources for eMBB only.
· How to minimize delay for URLLC or latency demanding service when UE camping in a given frequency and needs to change to another one (e.g. upon starting access of URLLC services)
Proposal#0: Issues#1: The main issues to solve based on the existing mechanism to access slices are:
· How to keep URLLC frequency layer resources as much as possible for when URLLC traffic is initiated when eMBB slice shared the same frequency as the URLLC slice while there is frequency layer resources for eMBB only.
· How to minimize delay for URLLC or latency demanding service when UE camping in a given frequency and needs to change to another one (e.g. upon starting access of URLLC services)
 Possible solutions
With the Rel-15 dedicated frequency priorities configuration, the UE will camp on either camp on the F1 or F2.  From the problems explained on Observation#3 and #4 and to mitigate the Issues#1, one solution is for the UE to camp on both frequency F1 and F2. This is assuming that the UE knows the mapping of the slices to each frequency layers (e.g. via RRC signalling). When only service from eMBB slice is initiated, the UE access the cell on F1. If service from URLLC slice is initiated, the UE access the cell on F2.  In this way, the UE will always access the frequency resources according to the slice initiation and also minimize the access latency. 
Solution#1: UE camps on both F1 (eMBB only) and F2 (eMBB+URLLC) in idle/inactive mode and UE is aware which service (slices) is available on which carrier.
Typically, if UE supports/requests for URLLC and eMBB slices, the network will configure the dedicated frequency priorities steering the UE towards the frequency supporting URLLC slice. Assuming this is the case and when only eMBB services are initiated, the network can handover the UE to eMBB frequency and hence the URLLC resources are not used by the eMBB services except on the initial access.  If the UE is capable of CA/DC for the frequency/band combination, the network can configure F1 as an SCell or SCG for eMBB services and hence not use the URLLC resources.  For this solution, the URLLC access delay is resolved via existing Rel-15 dedicated frequency priority even though there is some resource usage on URLLC layer.
Solution#2: Use handover or CA/DC configuration to prevent eMBB service from using URLLC resources
A quick comparison of the 2 solutions:
	Solutions
	Pros and Cons

	Solution 1: UE camps on both F1 (eMBB only) and F2 (eMBB+URLLC) in idle/inactive mode
	· New approach which has the following issues:
· Additional UE power consumption for camping on 2 frequencies (serving cell measurements)
· Paging on which frequency layer
· No use of URLLC resources during initial access for eMBB service

	Solution#2: Use handover or CA/DC configuration to prevent eMBB service from using URLLC resources, while using dedicated frequency priorities configuration to keep URLLC access delay low
	· Already possible in Rel-15
· May use the URLLC resources during initial access for eMBB service



For Solution#1, this would mean that UE has to camp on more than 1 serving cells and this will come at a cost to the UE in terms of measurement requirement as well as UE power consumption which may not be desirable. As UE can camp on both cell, it also brings an additional issue on which cell the UE should monitor for paging (e.g. it can monitor both depending on which terminating slice is to be initiated or it can come from one of the cell depending on which cell is the paging cell).  This will create additional complexity to the UE and the network. 
Even though Solution#2 may still use the frequency resources intended for URLLC during initial access for the initiation of the eMBB service, it may not be critical from the resources point of view as it is just use during the RRC resumption/setup since the eMBB traffic will eventually use the frequency resources intended for eMBB. Also this solution can already be possible in Rel-15 with UE supporting CA/DC. Assuming that the UE supports URLLC will support CA/DC for improving reliability (e.g. PDCP duplications), hence we think that this may be sufficient to meet Requirement#1. 
Proposal#1: Solution#2 (Use handover or CA/DC configuration to prevent eMBB service from using URLLC resources) seems to be sufficient to solve Issues#1. There is also no specification impact required for this solution as UE can rely on existing operation.
 Analysing Scenario 2 based on Rel-15 behaviour
If the UE camps on F1, TA1, according to TS23.501, the allowed NSSAI of the UE will only be S1, and S2 will be rejected by the network since it is not in the current TA. For this case, the dedicated frequency priorities configuration from the RAN will not include F2 if the RFSP index used to derive the dedicated frequency priorities configuration is based on just the Allowed NSSAI in Rel-15.  A straightforward solution is to consider also S-NSSAIs that are not available in the current TA in the derivation of the RFSP index (e.g. taking into account of the Rejected NSSAI). However, setting of RFSP index is out of scope of RAN2.  Assuming that derivation of the RFSP index also consider S-NSSAIs that are not available in the current TA, cell reselection via the dedicated frequency priority could also consider those frequency layers outside of the current TA (assuming that if those frequency layers are more appropriate for the UE requested NSSAI).
Observation#5:  If the requested slice is not available in the current TA of the UE, UE will not be steered towards the frequency that supports the requested slice since the RFSP index used to derive the dedicated frequency priorities configuration is based on the Allowed NSSAI. Even though the setting of RFSP index is out of scope of RAN2, if it is assumed that RFSP index also consider S-NSSAIs that are not available in the current TA, reselection via the dedicated frequency priority could also consider those frequency layers outside of the current TA (assuming that those frequency layers are more appropriate for the UE requested NSSAI).
This scenario is related to the LS from SA2 where the frequency the UE is camping on does not support the UE requested slice. In the SA2 LS, SA2 requested RAN2 to provide view on the scenario as follow: 
To SA1, RAN2 and RAN3:
ACTION: 
SA2 kindly requests to provide your view on the understanding of SA2 for such use case and any feedback.
Hence, the response from RAN2 could be to provide the Rel-15 behaviour that:
For RRC Idle mode mobility,  inter-frequency cell reselection criteria is based on dedicated frequency priorities configuration and in order for UE Access Stratum to be able to steer the UE to a more appropriate  frequency layers  that can accommodate for as many of the UE requested NSSAI, the network needs to provide dedicated frequency priority that take those frequency layers into account. 
Likewise, for RRC Connected mobility, the RAN needs to know those frequency layers (e.g. via the allowed NSSAI from AMF) so that it can handover or configure CA/DC to move/use those frequency layers. 
Proposal#2:  RAN2 agree on the following to steer a UE to an appropriate frequency layer and reply to SA2 LS:
In order to steer the UE to the appropriate frequency layer: 
· For RRC Idle mode mobility, network needs to provide UE with dedicated frequency priorities configuration able to steer the UE to a frequency layer that fulfils as many of the UE requested NSSAI. 
· For RRC Connected mobility, the RAN needs to know the frequency layer (e.g. via the allowed NSSAI from AMF) that could fulfil as many of the UE requested NSSAI so that it can handover or configure CA/DC to move/use those frequency layers.
How to achieve this can be left to SA2 since the setting of the dedicated frequency priority configuration is based on RFSP index derived which is out of scope of RAN2.
The network based solution discussed below to support concurrent access of multiple slices for scenario 3 is also applicable for this scenario.
Analyzing Scenario 3
UE may request Slices S1 and S2 for concurrent usage (i.e. both PDN sessions for both S1 and S2 need to be active at the same time).  However, the Scenario 3 deployment is such that there is no single frequency that supports both Slice S1 and S2. The only way a UE can achieve simultaneous usage of both slices S1 and S2 in such deployment is if the UE supports CA/DC for the frequency/band combinations.  Currently, as shown in the message flow below (Figure 1), a Rel-15 AMF does not have the information to decide on whether such simultaneous usage is possible as AMF does not know the UE radio capability and also the slices availability in each of the operating frequency. During the NG Setup Request, the AMF is only provided with the supported S-NSSAI per TA and not per operating frequency.  Furthermore, the decision making for the allowed NSSAI is by AMF and AMF does not understand the UE radio capability. 
Observation#6: In a deployment where the eMBB slice and URLLC slice are available only in different frequencies on overlapping TAs, there is currently no mechanism to allow acceptance of both slices even if the UE can support the different frequencies through CA/DC.  


Figure 1: Message flow of the legacy Slice Registration procedure 
To allow simultaneous access for both slices on different TAs, the information about supported S-NSSAI per frequency and UEs CA/DC capability must be considered when taking a decision on which slices are allowed for the UE.  If the AMF is making the decision on whether such combined services can be supported, the AMF needs the information related to the UE capability and frequency used by the slices.  
Observation#7: In a deployment where the eMBB slice and URLLC slice are available only in different frequencies while there is application requirement to support both slices active at the same time, there is a need for the AMF to know whether the UE CA/DC capability can be used to meet such requirement when it provides the allowed list to the UE.
Such information can be provided 
(1) by the UE to AMF when the UE is requesting the slices if the UE is aware of the frequency used for the slices; or 
(2) by the gNB to AMF during initial UE context exchange (network based solution).  
For the former (1), the UE can provide Requested NSSAI taking the UE radio capability and slice available per frequency into consideration.  For the latter (2), the gNB can provide such Requested NSSAI based on UE radio capability and slices available per frequency as in Figure 2. 


Figure 2: Message flow of the network based solution for selection of Allowed slices 
 Both approaches are feasible, but the network based approach has the following benefits:
1) It allows such enhancement to be applied to legacy UE.  No impact to RAN2
2) No requirement to broadcast the slices available per frequency.
3) As a network based solution, it gives operators more control on what combination of slices to allow for a given UE.
.Observation#8: A network based approach has the following benefits over a UE based solution:
1) It allows such enhancement to be applied to legacy UE.
2) No requirement to broadcast the slices available per frequency
3) As a network based solution, it gives operators more control on what combination of slices to allow for a given UE.
Even though this scenario was not explicitly mentioned in the SA2 LS, such deployment can happen if GSMA requirement needs to be fulfilled where GSMA LS ask SA2 to investigate the use of specific carrier frequency to access a specific network slices, as a possible tool for operators to offer the service isolation/management.
It can be noted that this network based solution is also applicable for scenario 2.
Based on the observation#8, it is proposed that:
Proposal#3: RAN2 recommend to SA2 to use a network based approach (RAN provides possible S-NSSAI from the Requested NSSAI based on UE radio capability and slices available per frequency) for determining Allowed NSSAI and providing dedicated priority to UE on which carrier to camp on.
Proposal#4: Inform SA2 via a LS of the RAN2 decision regarding concurrent usage of multiple slices.  
Conclusion
It is requested that RAN2 discussed the following observations and proposals:
Observations of Rel-15 UE behaviour
Observation#1: For cell selection, the aim of the UE is to find a suitable cell to camp on as soon as possible and priority between different frequencies are not taken into consideration.
Observation#2: Inter-frequency cell reselection is based on absolute frequency priorities to steer a UE to an appropriate carrier frequency. Such steering is based on RFSP index which in turn is based on the allowed NSSAI.

Observations and proposals on the issues related Rel-15 UE behaviour raised by the RAN2 SI and possible solution
Observation#3: Assuming scenario 1 and F1 priority higher than F2, if UE camps on F1 (containing only eMBB slice) as controlled by the dedicated frequency priority settings, and later a new session associated with the URLLC slice is initiated,  the network will have to perform handover to F2 and this will incur additional access delay due to handover delay for the URLLC slice.
Observation#4: Assuming scenario 1 and F2 priority higher than F1, if UE camps on F2 (containing both eMBB and URLLC) as controlled by the dedicated frequency priority settings but only services from eMBB slice is initiated, the UE unnecessarily use the F2 resources intended for when URLLC service is initiated or when both URLLC and eMBB services are initiated.
Proposal#0: Issues#1: The main issues to solve based on the existing mechanism to access slices are:
· How to keep URLLC frequency layer resources as much as possible for when URLLC traffic is initiated when eMBB slice shared the same frequency as the URLLC slice while there is frequency layer resources for eMBB only.
· How to minimize delay for URLLC or latency demanding service when UE camping in a given frequency and needs to change to another one (e.g. upon starting access of URLLC services)
Proposal#1: Solution#2 (Use handover or CA/DC configuration to prevent eMBB service from using URLLC resources) seems to be sufficient to solve Issues#1. There is also no specification impact required for this solution as UE can rely on existing operation.

Observations and proposals on the issues related Rel-15 UE behaviour raised by the SA2 SI and LS
Observation#5:  If the requested slice is not available in the current TA of the UE, UE will not be steered towards the frequency that supports the requested slice since the RFSP index used to derive the dedicated frequency priorities configuration is based on the Allowed NSSAI. Even though the setting of RFSP index is out of scope of RAN2, if it is assumed that RFSP index also consider S-NSSAIs that are not available in the current TA, reselection via the dedicated frequency priority could also consider those frequency layers outside of the current TA (assuming that those frequency layers are more appropriate for the UE requested NSSAI).
Proposal#2:  RAN2 agree on the following to steer a UE to an appropriate frequency layer and reply to SA2 LS:
In order to steer the UE to the appropriate frequency layer: 
· For RRC Idle mode mobility, network needs to provide UE with dedicated frequency priorities configuration able to steer the UE to a frequency layer that fulfils as many of the UE requested NSSAI. 
· For RRC Connected mobility, the RAN needs to know the frequency layer (e.g. via the allowed NSSAI from AMF) that could fulfil as many of the UE requested NSSAI so that it can handover or configure CA/DC to move/use those frequency layers.
Observation#6: In a deployment where the eMBB slice and URLLC slice are available only in different frequencies on overlapping TAs, there is currently no mechanism to allow acceptance of both slices even if the UE can support the different frequencies through CA/DC.  
Observation#7: In a deployment where the eMBB slice and URLLC slice are available only in different frequencies while there is application requirement to support both slices active at the same time, there is a need for the AMF to know whether the UE CA/DC capability can be used to meet such requirement when it provides the allowed list to the UE.
Observation#8: A network based approach has the following benefits over a UE based solution:
1) It allows such enhancement to be applied to legacy UE.
2) No requirement to broadcast the slices available per frequency
3) As a network based solution, it gives operators more control on what combination of slices to allow for a given UE.
Proposal#3: RAN2 recommend to SA2 to use a network based approach (RAN provides possible S-NSSAI from the Requested NSSAI based on UE radio capability and slices available per frequency) for determining Allowed NSSAI and providing dedicated priority to UE on which carrier to camp on.
Proposal#4: Inform SA2 via a LS of the RAN2 decision regarding concurrent usage of multiple slices.  
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