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Abstract: 
This paper enhances existing solution #6 of TR 23.700-41 with UE assistance for available slice information.
1
Introduction
3GPP TR 23.700-41 (“Study on enhancement of network slicing; Phase 3”) [1] has several key issues that will be studied for Release 18. Key Issue (KI) #2 in the TR will address the support of providing VPLMN network slice information to a roaming UE. 
Solution # 6 proposes a solution to KI #2. The solution relies on the UE indicating its location to HPLMN and makes the following assumption: “A trigger is detected in the UDM for a roaming UE to provide slice-based SoR information, e.g. the UDM is preconfigured (e.g. via the OAM or OSS based on Service Level Agreements with the roaming partners) that one or more of the UE's Subscribed S-NSSAIs are not available in specific visited country or networks (VPLMNs).”

However, there may be limitations with these assumptions:

a) Network Slice support may vary (statically or dynamically) at cell level within the same RAN belonging to a VPLMN. It is impractical to assume that all VPLMNs will provide up-to-date geographical network slice support information to HPLMN under the SLA. 
b) HPLMN may not be aware of the availability (visibility or suitability for camping) of all VPLMNs in the UE’s current location.
c) In some cases, the UE itself may be unable to report its detailed location. E.g. not all mMTC devices can be expected to have positioning capabilities (i.e. equipped with a GNSS or A-GNSS receiver) or privacy permissions [5].
To overcome these limitations, we are proposing a UE assisted enhancement to the VPLMN prioritization in solution #6. 
TR 38.832 [2] has the following conclusions related to the broadcast of slice information in the SI message:


From Release 17 of TS 38.331 [6], the supported slice info of the current cell and neighbour cells is optionally broadcast in SIB 16 (this was agreed in RP-220490 and then subsequently became part of V17.0.0). As a new solution for KI #2, this contribution proposes to utilize the broadcast slice info during PLMN selection/registration phase [3] as follows:

· Consider the network slice information broadcast in cell specific system information as one of the parameters to be read during PLMN Search.

· Let the UE provide the {available VPMN + slice info} to HPLMN via the registration request.

· Let HPLMN prioritize the VPLMNs based on the UE information
2
Discussion

A UE performs the PLMN selection as described in TS 23.122 [3]. Support for PLMN selection is detailed in section 5.1.1 of TS 38.304 [4] as follows. This procedure is also commonly referred as “PLMN Search.”
+
As mentioned in the Introduction section of this contribution, from Release 17 of TS 38.331, the supported slice info of the current cell and neighbour cells is optionally broadcast in SIB 16. . This means that during PLMN Search, UE can additionally read the supported slice information and use it for assisting HPLMN in the VPLMN prioritization during the registration procedure.

2
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3
Detailed proposal

SA2 is kindly requested to agree to the below pCR to TR 23.700-41.
********************** First Change **********************************
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********************** End of First Change ****************************
********************** Second Change ********************************
6.0
Mapping of Solutions to Key Issues

Table 6.0-1: Mapping of Solutions to Key Issues

	Solutions
	Key Issues

	
	KI#1
	KI#2
	KI#3
	KI#4
	KI#5
	KI#6

	Solution #1: Additional S-NSSAI associated with the PDU session
	X
	
	
	
	
	

	Solution #2: Slice Re-mapping Capabilities for Network Slice Service Continuity
	X
	
	
	
	
	

	Solution #3: Support of Network Slice Service continuity using SSC mode 3
	X
	
	
	
	
	

	Solution #4: PDU Session on compatible network slice
	X
	
	
	
	
	

	Solution #5: PDU session handover to a target CN with an alternative S-NSSAI support
	X
	
	
	
	
	

	Solution #6: Extended SoR VPLMN Slice Information transfer to UEs
	
	X
	
	
	
	

	Solution #7: Enabling awareness of Network Slice availability in VPLMNs
	
	X
	
	
	
	

	Solution #8: Gracefully network slice termination
	
	
	X
	
	
	

	Solution #9: Support of a Network Slice with an AoS not matching existing TA boundaries
	
	
	X
	
	
	

	Solution #10: Associating a validity timer with a temporary slice
	
	
	X
	
	
	

	Solution #11: Enabling UEs to Request S-NSSAIs not uniformly available
	
	
	X
	
	X
	

	Solution #12: Solution for Centralized Counting for Multiple Service Areas and 5GS-EPS Interworking
	
	
	
	X
	
	

	Solution #13: Hierarchical NSACF Architecture for Maximum UE/PDU Session number control
	
	
	
	X
	
	

	Solution #14: Maximum Number Distribution in multiple NSACFs
	
	
	
	X
	
	

	Solution #XX: UE assisted slice based VPLMN prioritization for Extended SoR
	
	X
	
	
	
	


********************** End of Second Change *************************
********************** Third Change (New Solution) *******************
6.XX
Solution #XX: UE assisted slice based VPLMN prioritization for Extended SoR 
6.XX.1 
Introduction

Solution # 6 proposes a solution to KI #2. The solution relies on the UE indicating its location to HPLMN and makes the following assumption: “A trigger is detected in the UDM for a roaming UE to provide slice-based SoR information, e.g. the UDM is preconfigured (e.g. via the OAM or OSS based on Service Level Agreements with the roaming partners) that one or more of the UE's Subscribed S-NSSAIs are not available in specific visited country or networks (VPLMNs).”

However, there may be limitations with these assumptions:

a) Network Slice support may vary (statically or dynamically) at cell level within the same RAN belonging to a VPLMN. It is impractical to assume that all VPLMNs will provide up-to-date geographical network slice support information to HPLMN under the SLA. 
b) HPLMN may not be aware of the availability (visibility or suitability for camping) of all VPLMNs in the UE’s current location.
c) In some cases, the UE itself may be unable to report its detailed location. E.g. not all mMTC devices can be expected to have positioning capabilities (i.e. equipped with a GNSS or A-GNSS receiver) or privacy permissions [y].
To overcome these limitations, this solution adds a UE assisted enhancement to the VPLMN prioritization in solution #6. 
6.XX.2 
High Level Description

A UE performs PLMN selection as described in TS 23.122 [7]. “PLMN Search” is a procedure to support the PLMN selection as detailed in section 5.1.1 of TS 38.304 [x]. “PLMN Search” is triggered in several scenarios like the switch-on, recovery from lack of coverage or periodic attempt to obtain service on HPLMN (while roaming). 

From Release 17 of TS 38.331 [z], the supported slice info of the current cell and neighbour cells is optionally broadcast in SIB 16 (this was agreed in RP-220490 and then subsequently became part of V17.0.0). Under these conditions, during PLMN Search the UE can additionally read the supported slice information and provide it to the network for prioritizing the available VPLMNs for selection.

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

-
The UE is configured with S-NSSAIs which are supported by some cells (strongest cell or neighbour cells) in the Registration area.

-
The NG-RAN is broadcasting the supported slice info of the current cell and neighbour cells.
-
If a roaming UE activates a service/application requiring a network slice not offered by the serving network, it may deregister and trigger a PLMN Search followed by re-registration.
Editor’s Note: This solution is applicable only when there is a need for PLMN (re)selection. In mobility cases, a deregistration and PLMN Search is not needed if the UE can find another cell that supports the network slice within the serving PLMN, using cell reselection (TR 38.832[3]) or solutions for KI #1. It is FFS whether any UE assistance is needed by HPLMN for updated slice info in such cases.

6.XX.3
 Procedures
Existing PLMN search and selection procedures are used with some changes shown in Figure 6.XX.3-1. In this figure, three RANs belonging to three different PLMNs are represented for illustration purpose.
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Figure 6.XX.3-1: UE assisted slice based VPLMN prioritization for Extended SoR.

The various steps of Figure 6.XX.3-1 are described below:

1. The UE has been configured with S-NSSAI and needs to do a PLMN Search due to e.g.:

a. Switch on/recovery from lack of coverage, or

b. Activation of a service/application requiring a network slice not offered by the serving network
2. The UE performs a PLMN Search as described in section 5.1.1 of TS 38.304 [x].

3. a) and b). During PLMN Search, the UE reads system information of the strongest cell in particular band, in order to find out which PLMN(s) the cell belongs to and any associated CAG(s). Additionally, it reads system information (SIB16) for the supported slice info of the current cell and neighbour cells (if broadcast). Note: For illustration purposes, in Figure 6.XX.3-1, two out of three VPLMNs are broadcasting the supported slice info.
NOTE: In Figure 6.XX.3-1, steps 2 and 3 are labelled as ‘Extended PLMN Search.’

4. The UE builds a list of available VPLMN ids and the corresponding slice info (if broadcast).
5. The UE proceeds with registration as in 6.6.3.1.1 and includes the {available VPLMN + slice info} list in the transparent container (steps 1 ~ 4 of Figure 6.6.3.1.1-1).
6. a) and/or b). Optionally, if the slice mapping info for some VPLMNs is not known, SoR AF in the HPLMN (Figure 6.6.3.1.1-1) may first inquire the AMF belonging to that VPLMN.
7. The UE proceeds with steps 5 ~ 9 of Figure 6.6.3.1.1-1. In step 5, SoR AF takes into account the {available VPLMN + slice info} list before generating the prioritized list of VPLMNs.
6.XX.4 
Impacts on services, entities and interfaces

The impacts to the 5GS entities are the following:

UE:
-
PLMN Search procedure in section 5.1.1 of TS 38.304 [x] is modified to additionally read supported slice info of the serving and neighbour cells. The rest of PLMN selection, cell selection and registration procedures remain unchanged.
NG-RAN:

-
Broadcast system information is modified to include supported slice info of the serving and neighbour cells, as recommended in [3].
AMF:
-
AMF is modified to provide configured NSSAI, rejected NSSAI and any Direct AMF selection info to the NG-RAN, as recommended in [3].
********************** End of Third Change ***************************
For slice based cell reselection, the following solutions are recommended for normative work:


-	To assist cell reselection, RAN can broadcast the supported slice info of the current cell and neighbour cells, and cell reselection priority per slice in SI message. And RAN can also include the slice info (with similar information as agreed slice info in SI message) in RRCRelease message.





5.1.1.1	General


On request of the NAS, the AS shall perform a search for available PLMNs and report them to NAS.


5.1.1.2	NR case


The UE shall scan all RF channels in the NR bands according to its capabilities to find available PLMNs and available CAGs. On each carrier, the UE shall search for the strongest cell and read its system information, in order to find out which PLMN(s) the cell belongs to and any associated CAG(s). For operation with shared spectrum channel access, the UE may also read the system information of multiple strongest cell(s). If the UE can read one or several PLMN identities in the strongest cell or the multiple strongest cell(s) in case of operation with shared spectrum channel access, each found PLMN (see the PLMN reading in TS 38.331 [3]) shall be reported to the NAS as a high quality PLMN (but without the RSRP value) and any associated CAG-ID, provided that the following high-quality criterion is fulfilled:


1.	For an NR cell, the measured RSRP value shall be greater than or equal to -110 dBm.


Found PLMNs that do not satisfy the high-quality criterion but for which the UE has been able to read the PLMN identities are reported to the NAS together with their corresponding RSRP values and any associated CAG-ID. The quality measure reported by the UE to NAS shall be the same for each PLMN found in one cell.


The search for PLMNs may be stopped on request from the NAS. The UE may optimise PLMN search by using stored information e.g. frequencies and optionally also information on cell parameters from previously received measurement control information elements.


Once the UE has selected a PLMN, the cell selection procedure shall be performed in order to select a suitable cell of that PLMN to camp on.


To support manual CAG selection, the UE shall upon request by NAS report available CAG-ID(s) together with their manual CAG selection allowed indicator (if broadcast), HRNN (if broadcast) and PLMN(s) to the NAS. If NAS has selected a CAG and provided this selection to AS, the UE shall search for an acceptable or suitable cell belonging to the selected CAG to camp on.








