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Introduction
In RAN2 #103, an LS was agreed, including: 

1. Overall Description:
Referring to the reply LS C1-184474, the following response was received from CT WG1 with regards to the inclusion of the selected PLMN upon the resume procedure.

Question 2: during a resume procedure, is the selected PLMN identity needed in resume complete message?

During a resume procedure on the (same) registered PLMN, the NAS is in connected mode and already registered with the PLMN that can be identified by the GUAMI that is part of the retrieved UE context at the gNB. Hence, the PLMN ID is not needed in the resume complete message for this case.
When the UE in NAS connected mode with RRC Inactive reselects to an equivalent PLMN and performs a resume procedure, the UE provides the selected PLMN ID in the resume complete message if network sharing is supported by the gNB.
The resume procedure does not apply for reselection to a PLMN that is not an equivalent PLMN since the NAS transitions to idle mode in this case.

RAN WG2 would like to note that the complete message is present only when a UE is moved from RRC_INACTIVE to RRC_CONNECTED. There is however a use case when a UE performs periodic or triggered RAN area update procedure (i.e. there is no mobile originated user or control plane data), in response to which RAN can send a UE immediately back to RRC_INACTIVE. In other words, there is no complete message – only the resume request and response messages are exchanged. As a result, a UE is not able to report selected equivalent PLMN.

In addition, RAN WG2 view is that inclusion of the selected PLMN into the resume request message would not be possible due to message size constraints.


2. Actions:
To CT WG1 and RAN WG3 group.
ACTION: 	RAN WG2 kindly asks CT WG1 and RAN WG3 to check is there any problem if the UE in RRC_INACTIVE reselected to an equivalent PLMN, and while performing periodic or triggered RAN update procedure it does not report the selected PLMN because it does not send resume complete message.

In this contribution, we add some further RAN-related aspects of the situation when there are TA’s with different PLMN codes in the TAI list/CN Registration area.
This contribution is a revision of R2-1815575 with additional solution and clarified observations.
[bookmark: _Ref178064866]Discussion
Our interpretation of CT1-response
According to 24.501, a UE is configured with a TAI list
In order to reduce the tracking area update signalling within the 5GS, the AMF can assign several tracking areas to the UE. These tracking areas construct a list of tracking areas which is identified by a TAI list. When generating the TAI list, the AMF shall include only TAIs that are applicable on the access where the TAI list is sent. The AMF shall be able to allocate a TAI List over different NG-RAN access technologies.
In theory, although perhaps not very common, the TA’s can have different PLMN codes (TAI= PLMN + TAC) and still be in the same CN registration area. In these cases, when a UE moves between these different TA’s of different PLMN’s but within the UE’s registration area, it does not need to perform any Tracking Area update due to mobility.
Thus, it is our view that if the TAI-list include TAs with different PLMN codes in the TAI, then it must be OK to move between these TA’s without contacting the network, otherwise, the whole purpose of the TAI-list allowing different PLMN codes per CN registration area fails. 
In the light of the above and looking at the CT1-response, a possible clarification could then have been: 
When the UE in NAS connected mode with RRC Inactive move into an area outside the CN Registration area and reselects to an equivalent PLMN and performs a resume procedure, the UE provides the selected PLMN ID in the resume complete message if network sharing is supported by the gNB.
It would then also be clear from a 2-step-procedure for RNAU that this would be OK without informing the network about that UE selected a cell with a different PLMN-code in its TA (and possibly different cell ID, access barring information etc), at least as long as UE stays within CN registration area.

[bookmark: _Toc525565060][bookmark: _Toc525738075][bookmark: _Toc525738134][bookmark: _Toc525807439][bookmark: _Toc528787487]A UE can move around in TAs associated with different PLMN’s without contacting the network, as long as the TAs are included in the CN registration area (TAI list).

[bookmark: _Toc525738076][bookmark: _Toc525738135][bookmark: _Toc525807440][bookmark: _Toc528787488][bookmark: _Toc525565061]An immediate consequence of the above is that the UE need not provide any PLMN information to the network as long as it stays within the CN Registration area. 
The above should hold for as long as a UE doesn’t leave the UE registration area. If a UE leaves the UE registration area, there is a TAU triggered by NAS and then, there is a complete message sent as the UE transitions to RRC_CONNECTED. In this case, it is possible for the UE to indicate any new selected PLMN in this message.
Path Switch
There is one mechanism that however indirectly need to have PLMN information from the UE, also in the case the UE only moves around in the CN registration area, and that is in connection to path switch. The following figure is from 38.300 and illustrates an RNA update procedure. 


Figure 1 From 38.300. RNA update procedure

In the RNA-update figure, it is illustrated that gNB triggers a path switch request when the gNB changes. This is signalling to the core network (AMF) that includes User Location Information, which contains a (global) cell identity field (E-UTRA CGI, NR CGI). 
To include these fields, it is necessary to, for the gNB above and in cases when there are several cell identities broadcast in the cell, figure out what cell Identity to include in the User Location information. This is not obvious, as there is no information from the UE what cell identity it considers relevant, not from the resume request alone. 
[bookmark: _Toc525738077][bookmark: _Toc525738136][bookmark: _Toc525807441][bookmark: _Toc528787489]To execute a path switch the gNB need to include User Location Information (including global cell identity) in the  path switch request
[bookmark: _Toc525738078][bookmark: _Toc525738137][bookmark: _Toc525807442][bookmark: _Toc528787490]With a 2-step procedure and for gNB’s that support different cell identities, (per PLMN),  there is no way to know from the RRC signalling alone what cell identity the UE considers relevant.

There are different ways to address this issue
a) Not combine 2-step with path switch or revert to a 4-step resume procedure
b) Prioritized TAI-list
c) Pick a predefined cell identity for inclusion
In the following, we will address these different solutions and propose a way forward. 

No path switch for 2-step procedure or revert to a 4-step resume procedure

In situations when it is only an RNAU, i.e., the UE is still simply moving around in its CN registration area and does not need to switch to RRC_CONNECTED, it may be OK to keep the context in the last serving gNB. A drawback of this is of course in situations when the network wants to update the RNA and configure another RNA that would not include the last serving gNB as a natural node (from geography point of view). Using a two-step procedure, adhering to no path switch rule would then mean that as long as UE is not entering connected, it is always including this node in the RNA. Although possible it is not a very nice solution. 
[bookmark: _Toc525738079][bookmark: _Toc525738138][bookmark: _Toc525807443][bookmark: _Toc528787491]To avoid path switch for 2-step procedures is very simple, but would seriously impact RNA flexibility. 
A related approach can be to, as soon as it is not possible for the gNB to know what TA a UE consider itself to belong to, then it would do a “fallback” to the regular 4-step resume procedure where the UE provides the selected PLMN in the resume complete message.
[bookmark: _Toc528787492]If the valid TAC for a UE cannot be determined, gNB can do a fallback to a regular 4-step resume (and release) procedure also at RNAU. 
Prioritized TAI-list
It would be possible to create quite simple rules for providing a cell identity by using the UE context from the last serving gNB in combination with the knowledge of what cell identities that current gNB broadcast. 
From UE context and the RRC Inactive Assistance information provided from the core network, gNB knows the TAI list. Thus, it knows all the possible TAs (that can be of different PLMN) that the UE can move around in without doing a tracking area update. If this list is correlated with the cell identities that are broadcast in the by the current serving gNB, adding just a very simple rule, it would be possible to figure out a PLMN and also a Cell Identity, for the cell that the UE consider relevant.
The simple rule is that, looking at the TAI list, the PLMN code that occurs on top of the list is the highest prioritized PLMN and the PLMN code that occurs in the bottom of the TAI list is the lowest prioritized PLMN. With this view and this way of configuring TAI lists, it will be possible to figure out which cell identity of multiple of cell identities broadcast in a cell that the UE considers.
There are three different cases: 
1. If there is only one PLMN in the TAI list, then it is easy for target gNB to select cell identity.  
Thus, by correlating #Broadcasted TAC’s – #TA’s included in the CN Registration Area, if there is only one match, then the PLMN is given and in that also all the PLMN-specific information, like cell ID. 
[bookmark: _Toc525738080][bookmark: _Toc525738139][bookmark: _Toc525807444][bookmark: _Toc528787493]If all TA’s in the CN registration area belong to one specific PLMN there is no PLMN-information issue with the 2-step RNAU. 
2. If there’s overlapping TA’s with different PLMN’s, where one PLMN is the registered PLMN.
In this case it is also quite easy for target gNB to identify a PLMN and thereby also a cell identity.  By correlating PLMNs of #Broadcasted TAC’s – with registered PLMN (from UE context), if one is the same, the corresponding cell identity for that PLMN is what the UE consider itself belonging to.
[bookmark: _Toc525738081][bookmark: _Toc525738140][bookmark: _Toc525807445][bookmark: _Toc528787494]If there are two or more PLMN+TAC’s broadcast in a cell that both map to PLMN’s + TAC’s in the UE’s TAI list, if one of them correspond to the registered PLMN, the target gNB shall assume that UE considers itself belonging to the cell associated with the registered PLMN.
3. If there’s overlapping TA’s with different PLMN’s, where none of the PLMN’s is the registered PLMN. 
In this situation, the UE has entered a (target) cell and gNB that broadcast several PLMN’s/cell Identities and none is the registered PLMN. Similar to above, by correlating #Broadcasted TAC’s – #TA’s included in the CN Registration Area, if there is more than one match and none is the registered PLMN, gNB should assume that the UE considers itself belonging to the cell identity of the PLMN that is highest up on the TAI list. 
[bookmark: _Toc525738082][bookmark: _Toc525738141][bookmark: _Toc525807446][bookmark: _Toc528787495][bookmark: _Toc525565069]If there are two or more PLMN+TAC’s broadcast in a cell that both map to PLMN’s + TAC’s in the UE’s TAI list, if none of them correspond to the registered PLMN, the target gNB shall assume that UE considers itself belonging to the cell associated with the PLMN that occur first in the TAI list. 
The cases are illustrated below. 
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TA1-PLMN1+TAC1
TA2-PLMN2+TAC2

TA3-PLMN3+TAC3

TA1 -	PLMN1 + TAC1
TA2 - 	PLMN2 + TAC2
TA3 – PLMN3 + TAC3


Pick a predefined cell identity for inclusion
A more simple approach than above is to, instead of trying to figure out exactly what cell the UE is actually consider itself belonging to, for the User Location information field, always include the first cell identity corresponding to the first PLMN on the list. This approach does not even require that UE context is retrieved. The drawback with this though, from a user location information perspective, is that it does not necessarily correspond to a cell that is an allowed cell to camp on/access and using this as user location information may have consequences that needs to be checked with both SA and RAN3. 
[bookmark: _Toc525738083][bookmark: _Toc525738142][bookmark: _Toc525807447][bookmark: _Toc528787496]If using a predefined (e.g., first on list) cell identity as user location information, this may mean that UE provides a cell identity that is not allowed. 
Way forward
We propose that the option of viewing the TAI list as prioritized list from a PLMN perspective provides a feasible way forward to cater for all cases, for how to provide user location information for path switch procedures when using 2-step procedures for RNAU according to above. In all cases when a complete message is sent, a selectedPLMN field is possible to send, including the actual PLMN the UE consider itself listening to. Since this solution steps into CT1, SA2 and RAN3 domains, we think it makes sense to send an LS to them to inquire about this case, in particular for the situation when UE enters a cell where registered PLMN is not broadcast, but where two TA’s of different PLMN overlap. We think that rules for the more common cases are straightforward and it is really just case 3 in 2.2.2 that requires coordination.
[bookmark: _Toc528787504][bookmark: _Toc525738143][bookmark: _Toc525807448][bookmark: _Toc528787505][bookmark: _Toc525565070]RAN2 should discuss the different options above and progress on one of the options.
[bookmark: _Toc525738144][bookmark: _Toc525807449][bookmark: _Toc528787506]If concluded that prioritized TAI-list is RAN2 preference, send an LS to RAN3, SA2 and CT1 and inquire about solution described in 2.2.2, in particular case 3 and whether the proposal to view the TAI-list as prioritized is a reasonable way forward. Also ask if this should be specified/clarified in core network specifications. 
[bookmark: _Toc525738145][bookmark: _Toc525807450][bookmark: _Toc528787507]If concluded that predefined cell identity is RAN2 preference, send an LS to RAN3, SA2 and CT1 to inquire about consequences of sending a non-allowed Cell Identity as user Location information
Conclusion
In section 2 we made the following observations:
Observation 1	A UE can move around in TAs associated with different PLMN’s without contacting the network, as long as the TAs are included in the CN registration area (TAI list).
Observation 2	An immediate consequence of the above is that the UE need not provide any PLMN information to the network as long as it stays within the CN Registration area.
Observation 3	To execute a path switch the gNB need to include User Location Information (including global cell identity) in the  path switch request
Observation 4	With a 2-step procedure and for gNB’s that support different cell identities, (per PLMN),  there is no way to know from the RRC signalling alone what cell identity the UE considers relevant.
Observation 5	To avoid path switch for 2-step procedures is very simple, but would seriously impact RNA flexibility.
Observation 6	If the valid TAC for a UE cannot be determined, gNB can do a fallback to a regular 4-step resume (and release) procedure also at RNAU.
Observation 7	If all TA’s in the CN registration area belong to one specific PLMN there is no PLMN-information issue with the 2-step RNAU. 
Observation 8	If there are two or more PLMN+TAC’s broadcast in a cell that both map to PLMN’s + TAC’s in the UE’s TAI list, if one of them correspond to the registered PLMN, the target gNB shall assume that UE considers itself belonging to the cell associated with the registered PLMN.
Observation 9	If there are two or more PLMN+TAC’s broadcast in a cell that both map to PLMN’s + TAC’s in the UE’s TAI list, if none of them correspond to the registered PLMN, the target gNB shall assume that UE considers itself belonging to the cell associated with the PLMN that occur first in the TAI list.
Observation 10	If using a predefined (e.g., first on list) cell identity as user location information, this may mean that UE provides a cell identity that is not allowed.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 should discuss the different options above and progress on one of the options.
Proposal 2	If concluded that prioritized TAI-list is RAN2 preference, send an LS to RAN3, SA2 and CT1 and inquire about solution described in 2.2.2, in particular case 3 and whether the proposal to view the TAI-list as prioritized is a reasonable way forward. Also ask if this should be specified/clarified in core network specifications.
Proposal 3	If concluded that predefined cell identity is RAN2 preference, send an LS to RAN3, SA2 and CT1 to inquire about consequences of sending a non-allowed Cell Identity as user Location information
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