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Abstract: This contribution introduces a new solution for KI#7 to ensure that UE is capable of accessing all the S-NSSAIs in the Allowed NSSAI via specific operating bands. 
1. Why to check UE Radio Capability
The key issue#7 studies how to select a particular cell that can be used to access the network slice(s) when the operator manages a different range of radio spectrums for different network slices. 
In Rel-15, the AMF learns the S-NSSAIs supported per TA by the 5G-AN and then the availability of network slice is used to determine the Allowed NSSAI for the TA, and the Registration Area is determined based on the availability of the S-NSSAIs of the Allowed NSSAI in the neighbouring TA(s). The Allowed NSSAI provided to the UE allows the UE to have active PDU Sessions simultaneously for all the S-NSSAIs in the Allowed NSSAI.
For the configuration for the operating bands of network slices among the TAs, it is not required that all the cells (within the TA) support the same sets of S-NSSAIs, but at the area (within the TA) the UE can always use all the S-NSSAIs of the Allowed NSSAI, i.e. the overlap coverage with cell supporting different S-NSSAIs. 
Considering the UE might not support all the operating bands of network slices, it is necessary to take into account the UE capability during network slice selection, in addition to the operating bands per network slice. 
2. How to check UE Radio Capability
Last meeting, the S2-2003793 proposed a general mechanism on how to ensure the compatibility between UE Radio Capability and operating bands of S-NSSAIs included in the Allowed NSSAI. The basic concept is that the NG-RAN serving the UE checks the UE Radio Capability and Allowed NSSAI decided by AMF and returns to the AMF a Supported NSSAI that are compatible with the UE radio capabilities. However, some details were not considered.
Due to the unawareness of the deployment of network slices, the UE may attempt to access S-NSSAIs not deployed in the current cell. In this case, in order to check whether UE is capable to access those S-NSSAIs not available at current cell, the NG-RAN is required to be configured with the deployment knowledge of the network slices on all cells within TA, including corresponding operating bands.
In order to avoid the AMF always queries the RAN even when there is no special handling required, the NG-RAN could provide an indication to the AMF that the NG-RAN’s TA has some S-NSSAIs not available on all cells during NG Setup procedure.
Observation 1: The NG-RAN needs to check UE Radio Capability based on the S-NSSAIs provided by AMF and the RAN configuration at the TA.
3. The S-NSSAI provided to UE as Allowed NSSAI
If RAN only provides AMF with the S-NSSAIs compatible with the UE radio capabilities, another issue to consider is how the AMF determines whether all the S-NSSAIs or part of S-NSSAIs can be granted as Allowed NSSAI.
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Figure 1.1

For example, as depicted in the Figure 1.1, the TA supports S-NSSAI-1 and S-NSSAI-2. The S-NSSAI-1 operates on FB1 in the cell-1 that is not supporting S-NSSAI-2, and S-NSSAI-2 operates on FB2 in the cell-2 that is not supporting S-NSSAI-1.The UE with the capability of FB1 and FB2 camps on the cell-1 and provides the Requested NSSAI including S-NSSAI-1 and S-NSSAI-2. If the UE Radio Capability contains Dual Connectivity related capabilities and the NG-RAN deployed within the TA supports DC, then the S-NSSAI-1 and S-NSSAI-2 can be simultaneously used by UE via DC, in which case the Allowed NSSAI includes two S-NSSAIs and the UE can have two active PDU Sessions simultaneously. Otherwise, either S-NSSAI-1 or S-NSSAI-2 can be used by UE but not both, in which case the Allowed NSSAI includes only one S-NSSAI and the UE can have one active PDU Session. 
Therefore, the NG-RAN should indicate to AMF the combinations of S-NSSAIs that can be simultaneously used by UE. It is up to AMF to choose which combination of S-NSSAIs can be granted as Allowed NSSAI to UE.
Observation 2: The NG-RAN needs to indicate the AMF the combinations of S-NSSAIs that can be simultaneously used by the UE based on the NSSAI from AMF, the UE capabilities and the RAN configuration at the TA. Then the AMF determines the Allowed NSSAI provided to UE.
2. Text Proposal
It is proposed to capture the following changes in TR 23.700-40.
* * * * First change * * * *

6
Solutions

6.0
Mapping Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues

	Solution#'s
	Solution Titles
	Key Issue#'s

	1
	PCF measurement based Network Slice SLA control for Maximum Number of UEs parameter
	1

	2
	Max number of UEs per Network Slice control at registration
	1

	3
	AMF/NSSF based counting of UEs in a Network Slice
	1

	4
	NWDAF enhancements for supporting of network slice quota on the maximum number of UEs
	1

	5
	NWDAF enhancements for supporting of network slice quota on the maximum number of PDU Sessions
	2

	6
	PCF-based counting of PDU Sessions in a Network Slice
	2

	7
	Support of Network Slice SLA for Maximum Number of PDU sessions parameter
	2

	8
	AMF and O&M based solution
	1, 2 & 4

	9
	Monitoring multiple quotas of number of UEs/PDU Sessions per S-NSSAI at NWDAF
	1, 2 & 4

	10
	Max number of PDU Sessions per Network Slice control via NSQ function
	2

	11
	Handling maximum number of sessions using NF status
	2

	12
	NSQ assisted dynamic adjustment of data rate per slice via NAS signaling
	5

	13
	Limitation of data rate per network slice in UL and DL per UE
	3

	14
	UE-Slice-AMBR adjustment to meet the limitation of data rate per Network Slice
	5

	15
	Using Back-off timer
	1

	16
	Slice data rate enforcement and dynamic adjustment
	5

	17
	Support of radio spectrum attribute by CN assisted RAN control
	7

	18
	Proactive Slice Quota Management in AMF
	1, 2, 4, 5

	19
	Support of network slice quota control and enforcement
	1, 2 & 5

	20
	Reusing existing QoS model to ensure that to limit the Maximum throughput UL/DL in a Network slice is not exceeded
	3 & 5

	21
	Limitation of data rate per network slice in UL and DL per UE without RAN involvement
	3

	22
	Solution on limitation of data rate per Network Slice in UL and DL per UE
	3

	23
	Network slice quota event notification
	4

	24
	NSQ assisted dynamic adjustment of data rate per slice via user plane adjustment
	5

	25
	Enforcement of MBR UL/DL per S-NSSAI
	5

	26
	Network controlled enforcement of simultaneous usage of network slices based on user preference
	6

	27
	Network slices simultaneous usage incompatibility support
	6

	28
	Constraints on simultaneous use of the network slice
	6

	29
	Providing Operating Band Information in the Configured NSSAI
	7

	30
	Preferred frequency bands in Configured NSSAI
	7

	31
	Steering the UE to a network slice in a different frequency band
	7

	x
	S-NSSAI-aware 5G-AN selection based on UE Radio capability
	7


* * * * Second change (all new text) * * * *

6.X
Solution #<X>: S-NSSAI-aware 5G-AN selection based on UE frequency capability 
6.X.1
Introduction
This solution addresses the Key Issue #7, "Support of 5GC assisted cell selection to access network slice", which defines that different radio spectrums can be deployed per network slice by operator. 

This solution is based on the following assumption:

· As defined in Rel-15, all S-NSSAIs of the Allowed NSSAI for a Registration Area are available in all Tracking Areas of the Registration Area. The Allowed NSSAI provided to the UE allows the UE to have active PDU Sessions simultaneously for all the S-NSSAIs in the Allowed NSSAI.
· The S-NSSAIs available at the TA can be deployed in different cells over different operating bands. The UE might not support all the operating bands of network slices.
6.X.2
High-level Description

This solution is based on the following high-level assumptions and principles:

· The NG-RAN is locally configured with the availability of network slices on all cells within the TA and corresponding operating bands deployed per network slice. Alternatively, the existing Xn setup procedure as defined in the TS 38.423 could be enhanced to exchange the deployment knowledge of network slices (i.e. S-NSSAIs and corresponding operating bands) between two NG-RAN nodes over the Xn interface.
· During NG Setup procedure, the NG-RAN provides an indication to the AMF that NG-RAN’s TA has some S-NSSAIs not available on all cells.
· During Registration procedure, the AMF determines that the UE’s current TA has some S-NSSAIs not available on all cells, then the AMF triggers the NG-RAN to check the compatibility between UE Radio Capability and the Target NSSAI. The Target NSSAI is decided based on the Requested NSSAI, subscription data, the availability of network slices. The Target NSSAI is what the NSSF returns as Allowed NSSAI, or what the AMF used to compute as Allowed NSSAI (but before Pending NSSAI is split off in case of NSSAA) in Rel-15/16. . (As the "Allowed NSSAI" is the information returned to the UE, a different term is used for the interaction described here between AMF and RAN). 
· Based on the UE Radio Capability, Target NSSAI, and RAN configuration, the NG-RAN derives the S-NSSAIs compatible with the UE radio capabilities and indicates to AMF the combinations of S-NSSAIs that can be simultaneously used by UE.
· The AMF determines which combination of S-NSSAIs can be granted to UE as Allowed NSSAI, based on configuration or taking in account the S-NSSAIs for ongoing PDU Sessions, if any.
· In order to determine the Registration Area, as an additional constraint, the AMF needs to be configured with the knowledge of the deployment of neighbouring TA(s). The AMF only includes TAs that share the same deployment (in addition to the criteria from Rel-15 that the included neighbouring TAs shall support the S-NSSAIs included in the Allowed NSSAI).
· In case of UE mobility upon changing to a new TA outside the UE's Registration Area, the compatibility between the operating frequency bands of S-NSSAIs associated with existing PDU sessions and UE Radio Capability may change. During the Mobility Registration Update procedure, if the S-NSSAIs incompatible with the UE radio capabilities are associated with existing PDU sessions, the AMF triggers the PDU session release.
6.X.3
Procedures

6.X.3.1 
General Registration Procedures 
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Figure 6.X.3.1: Registration procedure 
1. The UE sends the Registration Request to the AMF including the Requested NSSAI. 

2. The AMF checks Requested NSSAI based on the Subscribed NSSAI and the availability of network slices.

3. The AMF determines the UE’s current TA has some S-NSSAIs not available on all cells, which is indicated by NG-RAN during NG Setup procedure. The AMF sends a UE Capability Match Request message to the NG-RAN as defined in the clause 4.2.8a of the TS 23.502[6] and provides the Target NSSAI to NG-RAN. The Target NSSAI is decided based on the Requested NSSAI, Subscribed NSSAI and the availability of network slices by AMF.

4. Upon receiving the UE Capability Match Request message, if the NG-RAN has not already received the UE radio capabilities, the NG-RAN requests the UE to upload the UE radio capability information.

5. Based on the UE Radio Capability, Target NSSAI and the RAN configuration, the NG-RAN derives the S-NSSAIs that are compatible with the UE radio capabilities and indicates to AMF the combinations of S-NSSAIs that can be simultaneously used by UE. 

6. The AMF determines which combination of S-NSSAIs can be granted to UE as Allowed NSSAI, based on configuration or taking in account the S-NSSAIs for ongoing PDU Sessions, if any.
7. [Conditional] If the S-NSSAI incompatible with the UE radio capabilities is associated with existing PDU sessions, the AMF updates the Allowed NSSAI and indicates to the SMF(s) which PDU Session ID(s) corresponding to the relevant S-NSSAI shall be released. The SMF releases the PDU Session according to clause 4.3.4.2 in TS 23.502 [6].

8. The AMF sends Registration Accept message to UE including Registration Area, Allowed NSSAI and optional Rejected NSSAI.
6.X.3.2 
Registration with AMF re-allocation
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Figure 6.X.3.2: AMF re-allocation procedure 

1. The UE sends the Registration Request to the initial AMF including the Requested NSSAI. 

2. The initial AMF provides Requested NSSAI and Subscribed NSSAI to the NSSF and receives Allowed NSSAI from NSSF. 

3. The AMF reallocation is performed.
4. The target AMF determines that the current TA of the UE has some S-NSSAIs not available on all cells, which is indicated by NG-RAN during NG Setup procedure. The target AMF sends a UE Capability Match Request message to the NG-RAN as defined in the clause 4.2.8a of the TS 23.502[6] and provides the Target NSSAI to NG-RAN. The Allowed NSSAI decided by NSSF in step 2 is forwarded to NG-RAN as Target NSSAI.
5-7. Same as the step 4 to step 6 as described in the Figure 6.X.3.1.
6.X.4
Impacts on services, entities and interfaces
NG-RAN:
· The NG-RAN is configured with the availability of network slices on all cells within the TA and corresponding operating bands deployed per network slice.
· The NG-RAN indicates to the AMF that NG-RAN’s TA has some S-NSSAIs not available on all cells during NG Setup procedure.
· The NG-RAN determines the combinations of S-NSSAIs that can be simultaneously used by UE based on the UE Radio Capability, Target NSSAI provided by AMF and the RAN configuration.

AMF: 

· The AMF triggers the NG-RAN to check UE Radio Capability. 
· The AMF determines which combination of S-NSSAIs can be granted to UE as Allowed NSSAI, based on configuration or taking in account the S-NSSAIs for ongoing PDU Sessions, if any.
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