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[bookmark: _Ref165266342]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the previous RAN2 meetings, the following agreements about the support of UE onboarding and provisioning have been reached.
RAN2#113e [1]
[bookmark: _Hlk77693656][bookmark: _Hlk77693434]Broadcast a 1-bit indication for onboarding per O-SNPN.
R2 assumes that the 1-bit indication for onboarding is in SIB1.
[bookmark: _Hlk77693781]The UE sends an indication for onboarding to the gNB at RRC Connection Establishment (intention to support AMF selection).
[bookmark: _Hlk77693880]Focus on the O-SNPN scenario. Wait for SA2 further conclusion on how a PLMN can be used as onboarding network.
Will continue offline on the LS questions. 
RAN2#113bis-e [2]
UE AS forwards the onboarding indication (and Group IDs if Proposal#1 is agreed) per SNPN to UE NAS for onboarding network selection.
No UE impact on connected mode mobility for onboarding.
A new onboarding indication is included in RRCSetupComplete message.
R2 assumes that no enhancement is needed to support onboarding for provisioning the PNI-NPN credentials to UE.
There is no need to introduce an onboarding request indication in RRC messages for UEs in RRC_INACTIVE. 
Group IDs per SNPN for onboarding purpose is broadcast in the SIB. FFS whether the Group IDs for onboarding purpose and for credential by separate entity are different. 
R2 assumes that onboarding will not impact cell reselection. 
RAN2#114e [3]
[bookmark: _Hlk77694309][029] No additional information except for the already agreed broadcast parameters is needed, unless requested by other WG.
[bookmark: _Hlk77694379][029] There is no need to introduce the 1-bit onboarding indication in SIB1 and optional GINs for PLMNs acting as onboarding networks.
[bookmark: _Hlk77694435][029] Toggling the 1-bit onboarding indication in SIB1 allows to control congestion due to onboarding request.
[bookmark: _Hlk77694463][029] RAN2 confirms that onboarding does not impact the cell reselection procedure.
[bookmark: _Hlk77694516][bookmark: _Hlk77694556][029] For AMF routing, no extra information is needed in addition to the already agreed onboarding request indication in RRCSetupComplete, unless explicitly requested by other WGs.
[bookmark: _Hlk77694544][029] Any limitation to a selected set of UEs using uSIM tags is out of RAN2 scope.
[bookmark: _Hlk79065612]Based on the progress in earlier meetings, the remaining issues on supporting UE onboarding for NPN mainly lie in the following aspects:
· [bookmark: _Hlk79001286]The ASN.1 detail of the broadcast parameter;
· Congestion control: Whether the UAC mechanism is needed for supporting UE onboarding for NPN.
In this contribution, we will discuss these remaining issues on supporting UE onboarding for NPN and provide our observations and proposals.
Discussion
The ASN.1 detail of the broadcast parameter
Since the onboarding indication is for cell access, it is natural to put it in CellAccessRelatedInfo field in SIB1. Then the first issue that should be discussed is how to include this new indication in CellAccessRelatedInfo field. Obviously, there are three options as below:
· Option 1: introduce a list of onboarding indications parallel with npn-IdentityInfoList as Fig.1;
[bookmark: _Hlk70445974]CellAccessRelatedInfo   ::=         SEQUENCE {
    plmn-IdentityList                   PLMN-IdentityInfoList,
    cellReservedForOtherUse             ENUMERATED {true}             OPTIONAL,   -- Need R
    ...,
    [[
    cellReservedForFutureUse-r16        ENUMERATED {true}             OPTIONAL,   -- Need R
    npn-IdentityInfoList-r16            NPN-IdentityInfoList-r16      OPTIONAL    -- Need R
]]
[[
onboardingList-r17             SEQUENCE (SIZE (1..maxNPN-r16)) OF OnboardingSupported-r17	 OPTIONAL
OnboardingSupported-r17 ::=     ENUMERATED {true}             
]]
}
Fig.1. Example of ASN.1 structure of option 1
· Option 2: introduce onboarding indication in NPN-IdentityInfo as Fig.2;
[bookmark: _Hlk71633252]NPN-IdentityInfoList-r16 ::=     SEQUENCE (SIZE (1..maxNPN-r16)) OF NPN-IdentityInfo-r16


NPN-IdentityInfo-r16 ::=         SEQUENCE {
    npn-IdentityList-r16             SEQUENCE (SIZE (1..maxNPN-r16)) OF NPN-Identity-r16,
    trackingAreaCode-r16             TrackingAreaCode,
    ranac-r16                        RAN-AreaCode                                                OPTIONAL,       -- Need R
    cellIdentity-r16                 CellIdentity,
    cellReservedForOperatorUse-r16   ENUMERATED {reserved, notReserved},
    iab-Support-r16                  ENUMERATED {true}                                           OPTIONAL,       -- Need R
...
[[
onboardingSupported-r17 ::=     ENUMERATED {true}            OPTIONAL 

]]

}

Fig.2. Example of ASN.1 structure of option 2
· Option 3: introduce a list of onboarding indications in NPN-IdentityInfo as Fig.3.
NPN-IdentityInfoList-r16 ::=     SEQUENCE (SIZE (1..maxNPN-r16)) OF NPN-IdentityInfo-r16


NPN-IdentityInfo-r16 ::=         SEQUENCE {
    npn-IdentityList-r16             SEQUENCE (SIZE (1..maxNPN-r16)) OF NPN-Identity-r16,
    trackingAreaCode-r16             TrackingAreaCode,
    ranac-r16                        RAN-AreaCode                                                OPTIONAL,       -- Need R
    cellIdentity-r16                 CellIdentity,
    cellReservedForOperatorUse-r16   ENUMERATED {reserved, notReserved},
    iab-Support-r16                  ENUMERATED {true}                                           OPTIONAL,       -- Need R
...
[[
onboardingList-r17             SEQUENCE (SIZE (1..maxNPN-r16)) OF OnboardingSupported-r17	 OPTIONAL
OnboardingSupported-r17 ::=     ENUMERATED {true}             

]]

}
Fig.3. Example of ASN.1 structure of option 3
[bookmark: _Hlk71224662]For option 2, it means only the SNPNs share the same value of onboarding can be put into the same NPN-IdentityInfo-r16 element, which limits the flexibility of the network. In other words, if the SNPNs share the same legacy cell access related info (e.g. TAC/RANC/CellID) but have different values of onboarding indication, they can’t be put into the same NPN-IdentityInfo-r16 element, which will also increase the signaling overhead. In fact, option 3 expresses the same meaning as option 1, but it is more redundant and reduces the readability of the specification. Based on above analyses, option 1 is preferable from the view of flexibility of the network, system signaling overhead and readability of the specification.
Proposal 1: Introduce a list of onboarding indications which parallel with npn-IdentityInfoList. 
[bookmark: _Hlk71225098][bookmark: _Hlk71225131]Considering that the indication for onboarding is broadcasted per O-SNPN, the second issue is how to associates the onboarding indication with its corresponding O-SNPN. There are two options which are listed below:
· Option 1: Associate the onboarding indication and SNPN ID explicitly;
· Option 2: Associate the onboarding indication and SNPN ID implicitly.
For option 1, network index of the corresponding O-SNPN shall be always provided together with the onboarding indication, which causes more signaling overhead. 
[bookmark: _GoBack]For option 2, similar to the way of providing HRNN, a list of onboarding indications can be used as we proposed above. In this solution, the number of entries in the list for onboarding indications shall have the same number of onboarding indication elements as the number of SNPNs in SIB1. The n-th entry of the list contains the onboarding indication of the n-th SNPN of SIB1. The indication in the corresponding entry in the list of onboarding indications is absent if there is no onboarding indication associated with the given SNPN. Compared with option 1, this option has less overhead.
[bookmark: _Hlk70429222]Based on above analyses, option 2 is preferable from the view of system signaling overhead. 
Proposal 2: Associate the onboarding indication and SNPN ID implicitly. The n-th entry of the list contains the onboarding indications is associated with the n-th SNPN of SIB1, and the element is absent if the onboarding indication is not broadcast.
Congestion control
With regards to congestion control, RAN WGs can work with SA2 to decide whether handling of RAN-level congestion is feasible according to TR 23.700-07 [2]. 
	[bookmark: _Hlk53736977]NOTE 5:	RAN WGs can work with SA2 to decide whether handling of RAN-level congestion is feasible.


Before discussing the enhancement of congestion control, the scenario of congestion control should be clarified first. According to our understanding, two scenarios are listed below:
· Scenario 1: For the network supporting both onboarding and normal service, some UEs may try to access the network for normal service, and other UEs may try to access the network for onboarding simultaneously, the network has to perform congestion control to provide priority for UEs subscribed to its service. 
· Scenario 2: For the smart factory, huge machine type UEs may try to onboarding simultaneously, which may cause congestion. To avoid such a kind of congestion, the network shall be able to perform congestion control for onboarding.
RAN2 has agreed that toggling the 1-bit onboarding indication in SIB1 allows to control congestion due to onboarding request in the last RAN2 meeting. From our perspective, this mechanism is only applicable to scenario 1 since the NW can only prevent the access attempt of onboarding UEs by turning off the onboarding indication.
For scenario 2, whether it is necessary to address the congestion problem in this scenario is not clear yet, so RAN2 should ask CT1 and SA2 to clarify the scenario firstly. If needed, intuitively a more granular access control mechanism is needed to allow the access attempt of some onboarding UEs meanwhile to prevent the access attempt of some onboarding UEs. Since onboarding is a one-shot procedure and rarely occurs, in order to realize such an intention, the legacy UAC mechanism can be reused and the UE can treat the onboarding as MO signaling from our perspective, so that extra design on the UE side can be avoided. However, RAN2 cannot give a final decision about the UAC mechanism, as it also involves CT1 and SA2, e.g. whether to reuse an existing access category or define a new category for onboarding. 
Based on above analyses, RAN2 should send an LS to CT1 and SA2 to ask whether the congestion problem in scenario 2 needs to be addressed and whether need to define a new access category for onboarding.
Proposal 3: Send an LS to CT1 to ask whether to reuse an existing access category or define a new category for onboarding.
Conclusions
Based on the analyses given above, we have the following Observations and Proposals:
Proposal 1: Introduce a list of onboarding indications which parallel with npn-IdentityInfoList. 
Proposal 2: Associate the onboarding indication and SNPN ID implicitly. The n-th entry of the list contains the onboarding indications is associated with the n-th SNPN of SIB1, and the element is absent if the onboarding indication is not broadcast.
[bookmark: _Toc502437832]Proposal 3: Send an LS to CT1 to ask whether to reuse an existing access category or define a new category for onboarding
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