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1	Introduction
During RAN2#113-e the following was agreed:
Broadcast a 1-bit indication for onboarding per O-SNPN.
R2 assumes that the 1-bit indication for onboarding is in SIB1.
The UE sends an indication for onboarding to the gNB at RRC Connection Establishment (intention to support AMF selection).
Focus on the O-SNPN scenario. Wait for SA2 further conclusion on how a PLMN can be used as onboarding network.

To address open issues, RAN2 sent an LS to SA2 in R2-2102489 [1], and SA2 replied as follows in S2-2101076 [2]:
Question 3: Can RAN2 assume uniform support of onboarding in all cells in an O-SNPN? (I.e. can RAN2 assume that all cells of an O-SNPN broadcasts the support for onboarding or can some cells not set the ”onboardingEnabled” bit to e.g. control RAN congestion?)
[SA2 answer] The ”onboardingEnabled” bit can be set/enabled per cell e.g. when onboarding is enabled in only part of the SNPN network and can also be used to avoid the load from onboarding UEs. The parameter is used to assist the UE in network selection. 
Even if there is no uniform support and a UE moves to a cell in an O-SNPN not supporting onboarding, SA2 foresees no impact to mobility procedures as remote provisioning can continue in the target cell. Once the PDU session for remote provisioning has been activated existing 5GS functionality applies for mobility.

According to the related email discussion, R2-2102363 [3], the following issues need further discussion:
· whether onboarding affects the cell (re)selection procedure and whether there is a dependency with the fact that not all cells of an O-SNPN should support onboarding, 
· whether the onboarding impacts connected mode mobility, 
· whether congestion control is solved by a) toggling of the 1-bit onboarding indication or b) a new UAC Access Class value for onboarding, 
· whether the UE indicates the onboarding request in msg3 (RRCSetupRequest) or msg5 (RRCSetupComplete), 
· whether there is a need to send the onboarding request indication in RRC messages for UEs in RRC_INACTIVE, and
· if RRC_INACTIVE state is applicable for onboarding.

And in addition, it remains open to discuss:
· whether additional information is needed for onboarding purposes.

Based on the above, in this contribution we address the previous open issues, while taking as a reference our previous contribution, R2-2100491 [4], and also the new version of TR 23.700-07 [5].
[bookmark: _Ref178064866]2	Discussion
2.1	Broadcasting information
The updated version of TR 23.700-07 [5] now concludes in clause 8.4.1 that, in addition to the onboarding indication bit in SIB1, Group IDs (also referred to as GIDs) as defined by KI#1 can also be used to assist in network selection: 
-	The NG-RAN of the Onboarding network includes an indication for Onboarding enabled in the SIB (per O-SNPN, considering that the NG-RAN can be shared) so that the UE can discover and select an appropriate O-SNPN. The UE may or may not be pre-configured with O-SNPN network selection information (e.g. O-SNPN network identifiers or Group ID(s)). The O-SNPN network selection information can assist the UE such that the UE either preferably or exclusively select an O-SNPN corresponding to the O-SNPN network identifiers or Group ID(s).
NOTE 2:	The format of the pre-configured information assisting the UE for O-SNPN selection is not specified.
NOTE 3:	The Group ID(s) in the SIB that UE can use for selecting an O-SNPN are the same as the Group ID(s) in the SIB that the UE uses for SNPN selection as part of KI#1.
NOTE 4:	Whether the indication for Onboarding is sufficient or more SIB information is needed can be further discussed in the normative phase.
Regarding NOTE 4, we believe that no further broadcast information is needed, since as already explained in our previous contribution (R2-2100491 [4]), the onboarding procedure is not time-critical and occurs seldomly (arguably once-in-a-lifetime of a UE).
It should be noted that SA2 agreed to refer to the GID as Group ID for Network selection (GIN), see TS 23.501 [8], clause 5.30.2.2, regarding SIB:
· List of supported Group IDs for Network Selection (GINs) per SNPN. GIN reuses the NID encoding in TS 23.003 [15] and can be self-managed or globally unique;

To be aligned with SA2 terminology, we will use “GIN” as abbreviation instead of “GID”.	
[bookmark: _Toc68189715][bookmark: _Toc68205335][bookmark: _Toc60748843][bookmark: _Toc60744580][bookmark: _Toc60748844]From a RAN2 perspective, only the onboarding indication and optionally the GIN are broadcast in SIB for O-SNPN selection.
2.2	RAN congestion and cell access control
As can be concluded from the SA2 reply LS, S2-2101076 [2], the “onboardingEnabled” bit can be used to avoid load from onboarding UEs.
[SA2 answer] The ”onboardingEnabled” bit can be set/enabled per cell e.g. when onboarding is enabled in only part of the SNPN network and can also be used to avoid the load from onboarding UEs. The parameter is used to assist the UE in network selection.

Unified Access Control (UAC) was discussed as an alternative second approach which allows for higher granularity by allowing the RAN to configure a barring factor and a barring time for onboarding meaning that it would allow some UEs to proceed with onboarding earlier than others. 
On this matter, some companies proposed to re-use an already existent Access Category for onboarding purpose. However, the onboarding procedure represents a different access attempt itself (compared to existent Mobile Originated, MO, signalling values), so reusing an existing value would not be in line with the UAC principle.
Hence, the UAC approach would require a new Access Category for onboarding, SA1 would need to specify a new access category for the onboarding procedure in TS 22.261 [6]. However, given that onboarding is a delay-tolerant and rare event (as it is expected to happen only once in a UE’s lifetime) and since the number of available Access Categories is limited, such specification overhead is not justified.
[bookmark: _Toc68192037][bookmark: _Toc68192460][bookmark: _Toc68192038][bookmark: _Toc68205328]Onboarding represents a new access attempt category, and introducing a new Access Category for onboarding is not justified. 

Instead, with the first option, the O-SNPN’s RAN toggles the 1-bit indication used to broadcast onboarding support in the SIB to control congestion due to UE onboarding requests. Thus, in turn allowing to control onboarding-related access attempts. Indeed, this simple approach is in line with SA2’s LS response [2] highlighted above.
[bookmark: _Toc65826392][bookmark: _Toc68189716][bookmark: _Toc68205336]Cell access and congestion control for onboarding UEs can be achieved by simply toggling the 1-bit onboarding indication in SIB1.

It should be noted that it is not necessary to send SIB update notifications every time the 1-bit onboarding indication is toggled. This, since UEs that have already started the onboarding procedure are not expected to be interrupted, and UEs that have registered to an O-SNPN would de-register immediately after being provisioned with the SO-SNPN credentials. So, the information is only useful for new UEs arriving to the O-SNPN. Furthermore, update notifications would unnecessarily increase the load in the cell.
[bookmark: _Toc65826389][bookmark: _Toc68189709][bookmark: _Toc68205329]No SIB update notifications are needed every time the 1-bit indication is toggled to control congestion, since the information is only useful for UEs arriving to the O-SNPN.   
[bookmark: _Toc66428941][bookmark: _Toc66429027][bookmark: _Toc66432454][bookmark: _Toc66974259][bookmark: _Toc67037578][bookmark: _Toc67054882][bookmark: _Toc67321174]2.3		Mobility aspects
In this section, we address the following open issues from R2-2102363 [3]:
· if RRC_INACTIVE state is applicable for onboarding
· whether onboarding affects the cell (re)selection procedure and whether there is a dependency with the fact that not all cells of an O-SNPN should support onboarding
· whether the onboarding impacts connected mode mobility 
Regarding mobility, SA2 provided the following comment in the LS reply, S2-2101076 [2]:
Even if there is no uniform support and a UE moves to a cell in an O-SNPN not supporting onboarding, SA2 foresees no impact to mobility procedures as remote provisioning can continue in the target cell. Once the PDU session for remote provisioning has been activated existing 5GS functionality applies for mobility.
As a reminder, TR 23.700-07 [5] defines two components for “UE onboarding and provisioning for NPN”:
UE Onboarding: Enabling 3GPP connectivity for UE to realize remote provisioning.
Remote provisioning: Provisioning of information, to a UE and within the network, required for the UE to get authorized access and connectivity to an NPN.
In fact, once the UE has selected a suitable network and suitable cell for onboarding, the session towards the O-SNPN will be setup. As stated by several companies during the email discussion in R2-2102363 [3], the onboarding component is a one-shot procedure, in which the UE is not expected to move to IDLE or RRC_INACTIVE state. 
[bookmark: _Toc68189710][bookmark: _Toc68205330]During the session setup procedure for onboarding, the UE does not enter RRC_INACTIVE.

Thus, once registered to the O-SNPN, the remote provisioning may start at any time and the onboarding indication is no longer relevant for further mobility procedures within the O-SNPN.  The remote provisioning component, as explained by SA2 in their LS reply, can continue in the target cell even if that cell does not support onboarding. Thus, we can say that, at least, RRC_CONNECTED mode mobility is not impacted by UE onboarding and remote provisioning. 
[bookmark: _Toc68189717][bookmark: _Toc68205337]UE onboarding does not impact existing connected mode mobility procedures. 

IDLE mode procedures are discussed below. They do not preclude RRC_INACTIVE mode, but as explained above, we do not expect onboarding UEs to be in INACTIVE mode.
2.3.1		Network selection 
As described in TR 23.700-07 [5], the onboarding enabled indication and (optionally) also the GIN are used for network selection. In this sense, the SNPN selection principle in 38.304 [7] (clause 5.1.2) needs to be extended accordingly. So, in addition to having the UE’s AS layer scanning its supported frequencies and reporting to NAS the network identities of the strongest cell on each frequency, also the supported GINs, together with the 1-bit onboarding indication have to be transferred to NAS for network selection. Then, it is up to NAS to decide which of the available O-SNPNs can be selected and to indicate this information to AS. 
[bookmark: _Toc68189718][bookmark: _Toc68205338]The UE’s AS reports to NAS the broadcasted “onboarding enabled” indication and GIN(s) per SNPN.

The NAS layer selects an SNPN for which onboarding is enabled. Then, the UE’s AS layer performs cell selection by searching for a suitable cell belonging to the selected O-SNPN. After cell selection, the NAS layer can trigger the onboarding procedure. 
[bookmark: _Toc67550930]2.3.2	Cell (re)selection
RAN2 did not conclude on onboarding impacts on cell (re)selection were, see R2-2102363 [3]:
· whether onboarding affects the cell (re)selection procedure and whether there is a dependency with the fact that not all cells of an O-SNPN should support onboarding
Meanwhile, SA2 confirmed in their reply LS (S2-2101076) [2] that the onboarding support is not necessarily uniform within the same O-SNPN:
[SA2 answer] The ”onboardingEnabled” bit can be set/enabled per cell e.g. when onboarding is enabled in only part of the SNPN network and can also be used to avoid the load from onboarding UEs. The parameter is used to assist the UE in network selection.

It might be worth emphasizing that it is up to the O-SNPN network whether to enable the onboarding feature in a cell or not, while the onboarding indication does not necessarily reflect the capability for supporting UE onboarding in a given cell. 
In this regard, we will discuss the following two approaches for cell (re)selection:
a) the onboarding indication is not considered
b) the onboarding indication is considered.
Before we discuss these two approaches, we believe it is important to start by pointing out that, according to our understanding, the onboarding indication should not affect the “acceptability” of a cell. Otherwise, UEs would not be able to camp on cells where onboarding is disabled, e.g. to obtain limited services in case UEs can proceed with such services.  
[bookmark: _Toc68189719][bookmark: _Toc68205339]Whether a cell is considered acceptable or not is evaluated independent of the onboarding bit.

After having selected an O-SNPN, the UE might have moved or the radio conditions for a UE may have changed. Thus, a UE might be within the coverage of multiple cells from the selected network, where not necessarily all of these cells broadcast the onboarding indication. Along the same line, in the meantime, a neighboring cell on the same frequency not broadcasting the onboarding indication may have become the strongest cell.
At least for automatic network selection, it might not happen frequently that the set of strongest cells change after the UE has selected the O-SNPN. Thus, the onboarding indications provided to the NAS layer are unlikely to change after network selection. However, a manual network selection procedure may take longer, such that the strongest cell might eventually change more frequently, which may result in different onboarding indication broadcast by the new strongest cell.
We base our discussion below on the case where (for a given frequency) the strongest cell changes after selecting an O-SNPN and where the latter does not broadcast the onboarding indication, e.g. due to congestion.
a) Not considering the onboarding indication for cell (re)selection 
Not considering the onboarding support indication for cell (re)selection means that the existing procedure can be used.
[bookmark: _Toc68189711][bookmark: _Toc68205331]Not considering the onboarding support indication allows for the use of existing cell (re)selection procedure.

This might however result in the UE eventually selecting an O-SNPN’s cell that does not broadcast the onboarding indication. In case of congestion, the gNB could reject the UE after receiving the UE’s onboarding request indication to avoid further onboarding related traffic, or it could decide to anyway accept that UE. 
b) Considering the onboarding indication for cell (re)selection 
Considering the onboarding enabled indication after network selection also for the cell (re)selection procedure would ensure that the selected cell does is indeed onboarding enabled. 
However, if for a given frequency, onboarding is disabled in the strongest cell, the UE might end up selecting a weaker cell broadcasting the onboarding indication while fulfilling the cell (re)selection criteria. Such scenario increases the network’s interference, since both UE and cell would have to use a higher output power for this purpose. 
[bookmark: _Toc68189712][bookmark: _Toc68205332]If the onboarding indication is considered for the cell (re)selection, a UE may select a weaker cell which increases the network interference.

In order to address the previous issue, the onboarding indication can be treated in a similar manner to what is done with the Forbidden Tracking Area list, i.e., if the strongest cell does not support onboarding, then that cell and all others on the same frequency layer shall not be considered as candidates for the cell (re)selection process for 300 seconds. 
[bookmark: _Toc68189713][bookmark: _Toc68205333]To avoid that the UE selects a weaker intra-frequency cell, all cells on a frequency layer can be excluded if the strongest cell does not broadcast the onboarding indication.

On the other hand, considering the onboarding support indication for cell (re)selection has a greater specification impact. This might not be justified for a procedure such as onboarding, that occurs seldomly and is delay-tolerant. Furthermore, and as pointed out above, it may not be likely that the strongest cell on a given frequency changes after the O-SNPN selection, and it may even be less likely that the new strongest cell does not broadcast the onboarding enabled indication. 
[bookmark: _Toc68189714][bookmark: _Toc68205334]Investing work effort in specifying the process by which the onboarding support indication is considered for the cell (re)selection process might not be justified.
[bookmark: _Toc68205340]Discuss further whether the onboarding indication should be considered for cell (re)selection.
2.4		Onboarding request
As mentioned in the Introduction it has been agreed to include an onboarding request in the RRC Establishment procedure for the RAN to select an AMF which supports onboarding. During RAN2#113-e and as mentioned in our previous contribution (R2-2100491), two approaches are predominant. The first is to indicate the onboarding request in the RRCSetupRequest message (msg3) and, the other, to do so in the RRCSetupComplete message (msg5).
For the first, i.e., msg3 approach, a new EstablishmentCause for onboarding purposes needs to be introduced. But as already mentioned above, onboarding is not a time-critical nor frequent procedure. Thus, using one of the reserved values as EstablishmentCause in msg3 is not justified for onboarding purposes. 
In this sense, it appears more logical to send the onboarding indication in msg5 which also carries the NAS level message containing the onboarding request (to be defined by CT1). For this, a new “onboarding request” field would need to be defined on AS level in order to have an explicit indication helpful for the RAN to select an AMF supporting onboarding. 
[bookmark: _Toc68189720][bookmark: _Toc68205341]The UE indicates the onboarding request in a new “onboarding request” field in the RRCSetupComplete message (msg5).

Furthermore, during the email discussion, R2-2102363 [3], RAN2 did not resolve on 
· whether there is a need to send the onboarding request indication in RRC messages for UEs in RRC_INACTIVE
As stated above, we do not expect the UE to enter RRC_INACTIVE state during the one-shot onboarding component. Hence, we think that there is no need to introduce the onboarding request indication in RRC messages for UEs in RRC_INACTIVE mode. 
[bookmark: _Toc68189722][bookmark: _Toc68189721][bookmark: _Toc68205342]There is no need to introduce an onboarding request indication in RRC messages for UEs in RRC_INACTIVE. 


[bookmark: _Ref189046994]3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Onboarding represents a new access attempt category, and introducing a new Access Category for onboarding is not justified.
Observation 2	No SIB update notifications are needed every time the 1-bit indication is toggled to control congestion, since the information is only useful for UEs arriving to the O-SNPN.
Observation 3	During the session setup procedure for onboarding, the UE does not enter RRC_INACTIVE.
Observation 4	Not considering the onboarding support indication allows for the use of existing cell (re)selection procedure.
Observation 5	If the onboarding indication is considered for the cell (re)selection, a UE may select a weaker cell which increases the network interference.
Observation 6	To avoid that the UE selects a weaker intra-frequency cell, all cells on a frequency layer can be excluded if the strongest cell does not broadcast the onboarding indication.
Observation 7	Investing work effort in specifying the process by which the onboarding support indication is considered for the cell (re)selection process might not be justified.
Based on the discussion in the previous sections we propose the following:
Proposal 1	From a RAN2 perspective, only the onboarding indication and optionally the GIN are broadcast in SIB for O-SNPN selection.
Proposal 2	Cell access and congestion control for onboarding UEs can be achieved by simply toggling the 1-bit onboarding indication in SIB1.
Proposal 3	UE onboarding does not impact existing connected mode mobility procedures.
Proposal 4	The UE’s AS reports to NAS the broadcasted “onboarding enabled” indication and GIN(s) per SNPN.
Proposal 5	Whether a cell is considered acceptable or not is evaluated independent of the onboarding bit.
Proposal 6	Discuss further whether the onboarding indication should be considered for cell (re)selection.
Proposal 7	The UE indicates the onboarding request in a new “onboarding request” field in the RRCSetupComplete message (msg5).
Proposal 8	There is no need to introduce an onboarding request indication in RRC messages for UEs in RRC_INACTIVE.
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