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Abstract: This is related to incoming LS: C1-171940. 
1. Introduction
CT1 sent an LS to SA1 in C1-171940. In the LS, CT1 asked:

	· Question 1: 
Does the following text in TS 22.261 subclause 6.19.1 imply that the Operator Controlled PLMN Selector list stored in the USIM needs to be extended to also include SSTs information?
A 5G network operator controls and is responsible for what SSTs that should be available to a specific UE and subscription combination, based on associated subscription type, network operator policies, network capabilities and UE capabilities. The network operator can populate the Operator Controlled PLMN Selector list with associated access technology identifiers, stored in the 5G UE, with the PLMN/RAT combinations enabling access to the SSTs that are available to the 5G UE with associated subscription.
· Question 2:
Should taking into account of network slicing in network selection be done in one step (the UE checks for SST support when selecting a network to register onto) or in two steps (UE selects a network first without taking SST support into account, then after registration the UE requests the use of a particular SST within that network)?
· Question 3: 
Based on the following requirement in TS 22.261 subclause 5.1.2.1:
The 5G system shall provide a mechanism for a network operator to direct a UE onto a partnership network for routing all or some of the UE user plane and associated control plane traffic over the partnership network, subject to an agreement between the operators
CT1 has discussed the following use case:
Use case: The UE is registered on its HPLMN and the UE wants to use an SST that is not offered by the HPLMN but that is offered by another PLMN in the same area with which the HPLMN has a partnership.
Is this a valid use case?
· Question 4: 
In the requirement from TS 22.261 subclause 5.1.2.1. quoted above (in Question 3), does the partnership mean the PLMN has to be included in the EHPLMN list?
· Question 5: 
Is there a stage 1 requirement to define a common network selection framework that will be applicable to both 3GPP and non-3GPP access in 5GS? If so, how should network slicing be taken into account during non-3GPP access network selection?


Most of the questions are related to the network slicing, which is one of main feature of 5G system.
2. Background
According to 23.502, following is specified for network slicing:
	[bookmark: _Toc479689990]5.15.2	Identification and selection of a Network Slice: The S-NSSAI and the NSSAI
An S-NSSAI (Single Network Slice Selection Assistance information) identifies a Network Slice.
An S-NSSAI is comprised of:
- A Slice/Service type (SST), which refers to the expected Network Slice behaviour in terms of features and services;
- A Slice Differentiator (SD). which is optional information that complements the Slice/Service type(s) to allow further differentiation for selecting an Network Slice instance from the potentially multiple Network Slice instances that all comply with the indicated Slice/Service type. This information is referred to as SD.
The S-NSSAI can have standard values or PLMN-specific values. S-NSSAIs with PLMN-specific values are associated to the PLMN ID of PLMN that assigns it. An S-NSSAI shall not be used by the UE in access stratum procedures in any PLMN other than the one to which the S-NSSAI is associated.
Editor's note:	Whether a single value which is a representation of a collection of the S-NSSAIs could also be used as NSSAI is FFS.
The NSSAI is a collection of S-NSSAIs (Single Network Slice Selection Assistance Information). Each S-NSSAI assists the network in selecting a particular Network Slice Instance. The CN part of a Network Slice instance(s) serving a UE is selected by CN.
The (R)AN may use Requested NSSAI in access stratum signalling to handle the UE Control Plane connection before the 5GC informs the (R)AN of the Allowed NSSAI. The Requested NSSAI is not used by the RAN for routing when the UE provides also a Temporary User ID.
Editor’s note: whether (R)AN uses Requested NSSAI is to be checked with RAN WGs
When a UE is successfully registered, the CN informs the (R)AN by providing the whole Allowed NSSAI for the Control Plane aspects. 
Editor’s note: the need for informing the (R)AN by providing the whole Allowed NSSAI is to be checked with RAN WGs
When a PDU session for a specific slice instance is established, the CN provides to the (R)AN the S-NSSAI corresponding to the slice instance that this PDU session belongs to enable the RAN to perform access specific functions.
NOTE: The details of how the RAN uses NSSAI information is described in TS 38.xxx[x].



Following observation can be made:
· Information describing network slice (e.g. SST, SDD, NSSAI, S-NSSAI) differs in level and granurality. It should be clarified which one is a candidate for PLMN selection, if needed.
· Some S-NSSAI value is not valid in all PLMNs, when the value is used in a specific PLMN. Some S-NSSAI value means different things in different PLMNs, if it is a non-standard value and used differently by multiple operators. 
· As the number of S-NSSAIs increases, the number of valid NSSAI value increases. Then, NSSAI itself is not suitable for broadcast over access network due to huge overhead.
· There exist multiple network slice instances. Because ‘instance’ can disappear at any time, this is not suitable as an input for PLMN selection process. Then, SD is not suitable as a criterion.

Conclusion 1:
· Among information describing network slice, only standardized value of SST can be considered as a candidate, if network slice anyhow needs to be considered in PLMN selection.

In section 4.2.2.2.3 ofTS 23.502, following is additionally found:
	[bookmark: _Toc479775823]4.2.2.2.3	Registration with AMF relocation
When an AMF receives a Registration request, the AMF may need to reroute the Registration request to another AMF, e.g. due to network slicing is used and the initial AMF is not the appropriate AMF to serve the UE. The Registration with AMF relocation procedure, described in figure 4.2.2.2.3-1, is used to reroute the NAS message of the UE to the target AMF during a registration procedure.



Figure 4.2.2.2.3-1: NAS message redirection procedure
The initial AMF and the target AMF register its capability at the NRF.
1.	Step 1 and 2 of figure 4.2.2.2.2-1 has occurred, and the (R)AN sends the Registration request message within an Initial UE message to the initial AMF.
2.	If the AMF needs the SUPI and/or UE's subscription information to decide whether to reroute the Registration request or if the Registration request was not sent integrity protected or integrity protection is indicated as failed, then AMF performs step 4 to 14 of figure 4.2.2.2.2-1.
3.	[Conditional] AMF to NRF: NF discovery request (NF type, NSSAI).
	The initial AMF decides to reroute the NAS message to another AMF. If the initial AMF does not locally store the target AMF address, the initial AMF sends an NF discovery request to the NRF to find a proper target AMF which has required NF capabilities to serve the UE. The NF type is set to AMF. If network slicing is used, NSSAI is included in the NF discovery request.
4.	NRF to AMF: NF discovery response (list of AMFs, NF capabilities).
	The NRF replies with a set of potential target AMFs and their capabilities. Based on the information about registered NFs and required capabilities, a target AMF is selected by the initial AMF.
5.	If the initial AMF, based on local policy and subscription information, determines to forward the NAS message to the target AMF directly, the initial AMF sends a Reroute NAS message to the target AMF. The Reroute NAS message includes the information enabling (R)AN to identify the N2 terminating point and the NAS message carried at step 1, and optionally the UE's SUPI and MM Context. If network slicing is used and the initial AMF determines  the Allowed NSSAI as described at step 14 of figure 4.2.2.2.2-1, the Allowed NSSAI is included. The target AMF then updates the (R)AN with a new updated N2 termination point for the UE (step 5b), the (R)AN acknowledge the updated N2 termination point (step 5c). Step 5 is skipped.
NOTE:	Steps 5b and 5c can occur separately or as part of the first subsequently required N2 interaction.
6.	If the initial AMF, based on local policy and subscription information, determines to forward the NAS message to the target AMF via RAN, the initial AMF sends a Reroute NAS message to the RAN (6a). The Reroute NAS message includes the information about the target AMF and the Registration request  message carried at step 1, and optionally the UE's SUPI and MM Context. If network slicing is used and the initial AMF determines  the Allowed NSSAI as described at step 14 of figure 4.2.2.2.2-1, the Allowed NSSAI is included in the Reroute NAS message. The RAN sends the Initial UE message to the target AMF (6b).




Above procedure in SA2 specification supports change of AMF, when the first AMF is not suitable to handle the network slice that the UE requests. 

Observation 2:
· SA2 procedure supports reselection of NF which can properly serve a network slice requested by a UE, even if the first chosen NF by UE does not support. 

3. PLMN Selection
In EPS, different APN can be used by UE to request different PDN connectivity. However, APN is not considered during a PLMN selection procedure. Once PLMN is selected, the UE tries a registration procedure toward that selected PLMN, without knowing what APN is supported in that PLMN. The UE knows whether the selected PLMN supports a requested APN or not, only after it receives a registration/connectivity response from a network. 

Observation 2:
In EPS, support of specific APN is not considered in PLMN selection procedure

Network slices that can be allocated to a UE are decided, based on subscription and service offering of the contracting operators. Within a home network, it can be assumed that the subscribed network slices of general nature (e.g. eMBB) are provided in most area. Furthemore, following is found in 22.261.
In non-roaming situations, the UE and subscription combination typically matches the HPLMN/EHPLMN capabilities and policies, from a SST perspective. That is, a 5G UE accessing its HPLMN/EHPLMN should be able to access SSTs according to UE capabilities and the related subscription.

Also, as shown in section 2, within a PLMN, AMF relocation can be performed to link a UE to a right AMF which can provide a requested network slice.

In case where HPLMN cannot provide the UE with subscribed network slice, section 3.2.2.8 of TS 22.011 can be considered:
	[bookmark: _Toc477499705]3.2.2.8	Steering Of Roaming
Steering to a specific VPLMN
It shall be possible for the HPLMN at any time to direct a UE, that is in automatic mode, to search for a specific VPLMN and, if it is available, move to that VPLMN as soon as possible. This VPLMN shall then be regarded as the highest priority VPLMN as defined by the operator, though any EHPLMN or PLMN on the User Controlled PLMN list shall have higher priority. This process shall be done transparently and without inconvenience to the user. 

(....Omitted....)

VPLMN Redirection
It shall be possible for the HPLMN to request a UE, that is in automatic mode, to find and register on a different VPLMN from the one it is currently using or trying to register on, if another VPLMN, that is not in a Forbidden List, is available. The original VPLMN shall then be treated as the lowest priority VPLMN and would not be selected by the UE unless it is the only one available to the UE or has been selected in manual mode. This process shall be done transparently and without inconvenience to the user.



I.e., when a UE tries to register to a HPLMN, and when the HPLMN cannot serve the requested network slice, then the HPLMN can order to UE to move to other VPLMN that can serve the requested network slice. In this case, the network can consider various factors such as geographical location of the UE, network load, supported network of other PLMNs, partnership. 
This is a effective approach because network has more detailed knowledge regarding what can be offered to a UE. Also, this allows timely adaptation to varying network situation (e.g. on/off of a network slice (instance)). Otherwise, huge amount of configuration data should be delivered to each UE. 

Observation 3:
Current specification allows HPLMN to direct a UE to speficic VPLMN which can provide requested network slices.

Also, default network slice should be considered. When there is no HPLMN and available VPLMNs does not support any network slice that the UE subscribes to, there is no choice for UE but to use a default network slice provided by the VPLMN. 

Observation 4:
As a fallback, default network slice can be provided to a UE at any time. 

And, if the VPLMNs do not implement network slice function at all, there is no need for the UE to consider network slice in access control. 

While a UE is subscribed to multiple slices, it does not necessarily mean that it always uses the subscribed network slices. In EPS, a UE can at any time request additional PDN connectivity after successful registration and the UE can deactivate establishted PDN connectivity at any time. Similar requirements also apply to network slice. 
To minimize service interruption whenever a network slice is activated or deactivated by the UE, PLMN selection for registration should be decoupled from network slice.

Conclusion 2:
· There is no need to consider network slicing for PLMN selection.

4. Use of multiple PLMNs

Regarding the requirement: 
The 5G system shall provide a mechanism for a network operator to direct a UE onto a partnership network for routing all or some of the UE user plane and associated control plane traffic over the partnership network, subject to an agreement between the operators
This requirement is somewhat aligned to what is in 3.2.2.8 of TS22.011 (as copied in section 3 above), one difference is that it also mention partial sharing of control signal between multiple PLMNs. There are several scenarios for this
· Case 1: A UE is simultaneously using both 3GPP access and non-3GPP access.
· The case where PLMN of 3GPP access and PLMN of non-3GPP access are different may not cause instability. This is already supported scenario in EPS.
· Case 2: A UE is in romaing scenario and HPLMN is not available at the location:
· The UE is located in VPLMN Area. But, some part of the traffic is treated in VPLMN (e.g. local break out) and remaining part of the traffic is treated in HPLMN ( e.g. home-routed)
· Then some part of control signalling is generated in HPLMN and others in VPLMN.
· Case 3: A UE is simultaneously using multiple 3GPP network. HPLMN is avaliable at the location.
· Case 3A: A UE is connected to gNB 1 of PLMN 1 and gNB 2 of PLMN 2.
· This can be valid scenario if this is for CA (carrier aggregation) of DC (dual connectivity)
· But, this requires inter-connect between gNBs of different operators.
· Otherwise, RRC connection management may not work due to contradicting command.
· Case 3B: E.g. a UE is connected to AMF 1 of PLMN 1 and AMF 2 of PLMN 2.
· Using more than one AMF is not considered in SA2
· The motivation to transport control signalling over multiple AMFs are proven, considering huge impact on session/mobility management procedure.

Also, in section 6.18.1 of TS22.261, following requirement exist. 
For a user with a single operator subscription, the use of multiple serving networks operated by different operators shall be under the control of the home operator.
Then, control plane signalling should be from a single PLMN.

Conclusion 3:
· There seems no motivation to use multiple PLMNs to transport control plane traffic over 3GPP access, when a UE is not in a roaming scenario.

5. Proposal
It is proposed to confirm that:
· Network slice is not considered in PLMN selection procedure.
· Requested network slice information is delivered to network after PLMN selection. 
· Traffic steering (section 3.2.2.8 of TS22.011) is also applicable when network slice is used.

It is proposed to agree on:
· Routing of control plane traffic over multiple PLMN connection is limited to roaming case or when to a case when both 3GPP access and non-3GPP access is used.  
[bookmark: _GoBack]A CR to 22.261 is provided in S1-172023. 
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