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1
Introduction
3GPP TR 23.700-40 (“Study on enhancement of network slicing; Phase 2”) [1] documents several key issues and solutions for system enhancements to support some parameters of GST (Generic Slice Template) as documented in NG.116 [2]. 
Key Issue (KI) #8 in this TR addresses the “Area of service” attribute. This attribute specifies the area where the terminals can access a particular network slice. Therefore, the attribute specifies the list of the countries where the service will be provided. The list is specific to NSPs (Network Service Provider) and their roaming agreements. It is mentioned that “This key issue will study the handling in the system of S-NSSAIs of HPLMN that are available only on certain PLMNs. Today, the UE would have to attempt to select PLMNs with no awareness as to whether a PLMN supports a S-NSSAI of the HPLMN till the S-NSSAI is allowed in the PLMN or Configured NSSAI of the PLMN is provided. We need to study whether and how to support S-NSSAI-aware PLMN selection.”
The same TR has also studied KI #7 for the “Radio Spectrum” attribute. The scope of KI #7 is described as below:

Today, the UE would have to attempt to select 5G-AN with no awareness as to whether a 5G-AN support a S-NSSAI till the S-NSSAI is allowed. We need to study whether and how to support S-NSSAI-aware 5G-AN selection.

This key issue will study 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 per network slice. In particular, this KI will address:
-
How does 5GS steer UEs to a 5G-AN (e.g. a specific frequency band) that can support the network slices that the UE can use.

-
What information does 5GS need to take a decision to steer UE to a proper 5G-AN.

-
What information should be provided to the UE to select a proper 5G-AN and how it is sent to the UE.

-
Any RAN impacts shall be identified and alignment with RAN WGs shall be pursued if any impacts are identified.

TR 23.700-40 pushes KI #8 beyond Rel-17 timeframe. In the meanwhile, while addressing KI #7, RAN WG2 has agreed to the following conclusions in R2-113e (Agenda item 8.8.2) [3] 
Agreements

1
For cell reselection scenario, RAN2 to agree the following:


To assist cell reselection, RAN can broadcast the supported slice info of the current cell and neighbour cells, and cell reselection priority per slice. The slice info may be: providing only SST, on-demand SIB, SIB segmentation, slice grouping (if any), or slice associated UAC information where other solutions are not precluded. Details can be discussed in WI phase.

2
Agree on adding the slice info (with similar information as agreed slice info in SI message) in RRC release message. Details can be discussed in WI phase.

3
Not pursue the solution of adding the intended slice for MT access in slice specific cell (re)selection.

4
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

-
adding the slice info (with similar information as agreed slice info in SI message) in RRC release message

As a new solution for KI #8, this contribution proposes to extend the above concepts to PLMN selection phase [4] as follows:

· Consider the network slice information broadcast in cell specific system information as one of the parameters to be read during PLMN Search.
· Rank the available PLMN list based on the supported slice info and use this ranking for PLMN selection.
· If none of the available PLMNs support S-NSSAI, continue with the legacy PLMN selection. 
2
Discussion
When the UE is turned on, it first performs a PLMN selection as described in TS 38.304. Support for PLMN selection is detailed in section 5.1.1 of TS 38.304 as follows. This procedure is also commonly referred as PLMN Search.
--------------------

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.
--------------------

As described in the Introduction section of this contribution, the current consensus in 3GPP is that system information can also contain the supported slice information of the current cell and neighbour cells. This means that during PLMN Search, UE can additionally read the supported slice information and use it for ranking the available PLMNs for selection.
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Detailed proposal

SA2 is kindly requested to agree to the below pCR to TR 23.700-40.
********************** First Change ****************************
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

	32
	Operator quota control policy on the number of PDU session
	2

	33
	Event notification of Slice SLA attributes
	4

	34
	AF interaction for event notification
	4

	35
	Quota enforcement considering service type
	2

	36
	Handover of a PDU session
	2

	37
	Data rate control per network slice per UE
	3

	38
	Network slice quota control and enforcement provided by CHF based solution
	1 & 2

	39
	Support registration for incompatible network slice(s) in UE's current serving RA or different one
	6

	40
	Separate SUPI/GPSI per isolated set of S-NSSAIs
	6

	41
	Simultaneous use of the network slice via Configured NSSAI
	6

	42
	UE handling of constraints on simultaneous use of network slices based on network assistance
	6

	43
	UE Slice Maximum Bit Rate related event notification
	4

	44
	RAN controlled steering of the UE to a network slice in a different frequency band 
	7

	45
	Compatibility of S-NSSAIs operating frequency bands with UE Radio Capabilities
	7

	46
	Support RAN-Based UE redirection with enhanced RRC-level information
	7

	XX
	RAN-Based Solution for Supporting Area of Service (Impact on PLMN selection in roaming)
	8


********************** End of First Change ****************************
********************** Second Change ****************************
6.XX
Solution #XX: RAN-Based Solution for Supporting Area of Service (Impact on PLMN selection in roaming) 
6.XX.1 
Introduction

This solution addresses the below requirements from Key Issue #8: Area of service: impact on PLMN selection in roaming.

-
Today, the UE would have to attempt to select PLMNs with no awareness as to whether a PLMN support a S-NSSAI of the HPLMN till the S-NSSAI is allowed in the PLMN or Configured NSSAI of the PLMN is provided. We need to study whether and how to support S-NSSAI-aware PLMN selection.
6.XX.2 
High Level Description

When the UE is turned on, it first performs a PLMN selection as described in TS 38.304. Support for PLMN selection is detailed in section 5.1.1 of TS 38.304. That procedure is also commonly referred as PLMN Search. The current consensus in 3GPP is that system information can also contain the supported slice information of the current cell and neighbour cells. This means that during PLMN Search, UE can additionally read the supported slice information and use it for ranking the available PLMNs for selection.

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

-
The UE is allocated Allowed NSSAI 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.

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.
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Figure 6.XX.3-1: Network slice based PLMN Selection.
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 selection due to roaming.

2. The UE performs a PLMN search as described in section 5.1.1 of TS 38.304.

3. 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 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 PLMNs are broadcasting the supported slice info.
4. The UE uses supported slice info gathered in step 4 to rank the available PLMNs, giving higher preference to the PLMNs supporting S-NSSAI. If none of the visible PLMNs support S-NSSAI, the UE continues with the legacy PLMN selection. Note: For ranking purposes, PLMNs not broadcasting slice info may be considered as not supporting S-NSSAI.
5. The UE then proceeds with PLMN selection and cell selection (followed by registration) as described in TS 38.304. If registration on that PLMN fails, another PLMN is selected from the ranked list and step 5 is repeated.
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 is modified to additionally read supported slice info of the serving and neighbour cells. This info is used for ranking available PLMNs for selection. 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.
AMF:
-
AMF is modified to provide configured NSSAI, rejected NSSAI and any Direct AMF selection info to the NG-RAN.

********************** End of Second Change ***************************
