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Introduction 
In this contribution, the remaining issues for idle mode and connected mode mobility for the SNPN and PNI-NPN are discussed and the way forward is proposed.
Discussion
Cell restriction due to RAN sharing
Currently in Rel-15 NR, if the intra-frequency cell or inter-frequency cell is not suitable due to network identification issue (i.e. PLMN does not match the registered PLMN), not only the concerned cell is not considered as a candidate for cell reselection but also other cells in the same frequency of the concerned cell.   
If the highest ranked cell or best cell according to absolute priority reselection rules is an intra-frequency or inter-frequency cell which is not suitable due to being part of the "list of 5GS forbidden TAs for roaming" or belonging to a PLMN which is not indicated as being equivalent to the registered PLMN, the UE shall not consider this cell and other cells on the same frequency, as candidates for reselection for a maximum of 300 seconds. 
In the email discussion, it is assumed that this can be extended to SNPN UE as well, pending discussion on whether the restriction to other cells should be relaxed.  If the SNPN/CAG cell can be in the same frequency as other SNPN/CAG cell with different CAG ID and also PLMN cells, particularly in the RAN sharing case, the existing cell restriction rule may be too restricted.  
For PLMN only network, the above makes sense since it is quite unlikely the UE will find another cell of the registered PLMN in the frequency in the next 300s except in some corner cases where the UE ping-pong between country border.  In the case of NPN and with RAN sharing among PLMN, SNPN and CAG network in a frequency, it is quite likely that the NPN coverage occurs in a small area (e.g. a factory floor or a residential compound etc.) and the NPN UE may move in and out of the NPN coverage quite frequently to/from normal PLMN coverage in the same frequency.  The following are some such scenarios in Figure (i) and (ii): 


Figure (i) A cell broadcast PLMN#2, CAG+PLMN#1 and SNPN#A and another cell in the same frequency broadcasting only PLMN#2; A UE registered with SNPN#A or PLMN#1 with CAG selected moves between the 2 cells;


Figure (ii) A cell broadcast CAG#C+PLMN#1 and SNPN#A and another cell in the same frequency broadcasting CAG#D+PLMN#1 and SNPN#B; A UE registered with SNPN#A or PLMN#1 with CAG#C selected moves between a cell
Hence it seems this restriction in the current specification needs to change such that only the concerned cell (i.e. not broadcasting the registered or selected PLMN or E-PLMN or registered or selected SNPN )is not considered as candidate for cell reselection but other cells within the same frequency is still considered as candidate for cell reselection.  
TS36.304 addresses the case for CSG cell with the following text:
If the highest ranked cell or best cell according to absolute priority reselection rules is a CSG cell which is not suitable due to not being a CSG member cell, the UE shall not consider this cell as candidate for cell reselection but shall continue considering other cells on the same frequency for cell reselection.
However, this is not sufficient for the NPN in the RAN sharing case where the deployment may be that SNPN and CAG cells are RAN sharing in the same frequency with PLMN cells
Observation#1: TS36.304 addressing the case for CSG cell is not sufficient for NPN in the RAN sharing case where the deployment may be that SNPN and CAG cells are RAN sharing in the same frequency with PLMN cells.
A way to resolve the NR NPN scenario is to allow the UE operating in SNPN access mode or UE with non-empty allowed CAG list to continue monitor in the same frequency for cell reselection in which it has found a cell not broadcasting its registered or selected SNPN or PLMN + CAG, as in the CSG case. But if the frequency is not used a RAN sharing deployment, it will result in unnecessary measurement on that frequency. 
Observation#2: If UE operating in SNPN access mode or UE with non-empty allowed CAG list were to continue monitor in the same frequency for cell reselection in which it has found a cell not broadcasting its registered or selected SNPN or PLMN + CAG, as in the CSG case, it may result in unnecessary measurement on that frequency if the frequency is not used a RAN sharing deployment
Alternatively, it is to leave it to the UE implementation for UE in SNPN access mode or UE with non-empty CAG allowed list to decide on whether to continue monitoring that frequency (based on its knowledge of whether the frequency is for RAN sharing).  Hence it is proposed:
Proposal#1: For a SNPN UE or a UE with non-empty allowed CAG list, if the highest ranked cell or best cell according to absolute priority reselection rules is a cell not broadcasting the registered or selected SNPN ID or the CAG ID which is one of the UE’s Allowed CAG list for the selected PLMN or the registered PLMN or PLMN of the Equivalent PLMN list, the UE shall not consider this cell as candidate for cell reselection but should continue to consider other cells on the same frequency for cell reselection (e.g. if RAN sharing of SNPN or CAG on the frequency). 
Connected mode mobility for CAG UE
Currently, there are the following Editor’s notes in Connected mode mobility in the running TS38.300 CR:
Editor’s note: FFS is proximity indicator is needed.
Editor’s note: describe mobility in CONNECTED [RAN2].   
As specified in [1], the AMF provides the NG RAN with Mobility Restrictions:
The Mobility Restrictions, the AMF provides to NG-RAN, shall be able to restrict the UE’s mobility according to the Allowed CAG list (if configured in the subscription) and including support a UE that is only allowed to access CAG cells (if configured in the subscription).
Based on this, the NG RAN can decide the following handover is allowed:
-	1. Source NG-RAN shall not handover the UE to a target NG-RAN node if the target is a CAG cell and the related CAG Identifier is not part of the UE's Allowed CAG list;
-	2. Source NG-RAN shall not handover the UE to a non-CAG cell if the UE is only allowed to access CAG cells;
From the above, depending on the mobility restriction, support of handover between CAG and public network and between CAG cells belonging to the UE’s Allowed CAG list of the registered PLMN is possible.
Handover between CAG and public network is supported
Handover between CAG depends on the UE’s Allowed CAG list of the registered PLMN.
One purpose in LTE CSG of sending the proximity indication is that the network does not unnecessarily configure the measurement configuration of the CSG frequency.  Since the allowed CAG list of a UE is known to the network (via mobility restriction), the measurement configuration of the CAG frequency can always be configured and it is not essential to use the proximity indication for this purpose, unlike the case in idle mode. It maybe argued that not configuring the measurement configuration for CAG frequency may be beneficial from UE power consumption point of view if the UE is not in close proximity to its CAG cell.  However, if proximity detection for UE is to the PLMN cell, there is no gain at all.
Another purpose of introducing proximity indicator in LTE CSG was to resolve PCI confusion and support handover from public network to CSG cell. One of the usages of it is to prompt the network to request the UE to provide the ECGI upon receiving the measurement report of a potential CSG cell within the public network cell coverage. The coverage of a CAG cell is most likely small in comparison to a PLMN cell and there is quite likely that multiple CAG cells in the same frequency may have the same PCI. As a result, PCI confusion may arise since the network is not sure which CAG cell the network is supposed to handover a UE to after the UE reports the handover measurement. Such situation also occurs in normal deployment scenario where there is a mix of small cell and macro cell deployment.  As a consequence, RAN1 has increased the number of PCI in Rel-15 to accommodate for such deployment. CAG cell can be handled in the same way as small cell.  
Furthermore, if proximity indication is supported, it will mean that Rel-15 CGI reporting mechanism needs to be used to request the UE to report the CGI if the target cell can potentially be CAG cell. Such proximity indication will also require performance requirement in RAN 4 (e.g. how large is the proximity etc.).
Observation#3: Proximity indicator is not required to further mitigate PCI confusion in CAG deployment, in view that such case will also happen in Rel-15 and that it may have further RAN4 impact if such Rel-15 CGI reporting is required for handover (e.g. performance requirement needed for triggering proximity indication, need of autonomous gap etc.).
Proposal#2: Proximity indication is not introduced in Rel-16 in the CAG case.
Conclusion
It is requested that RAN2 discussed the following observations and proposals:
Observation#1: TS36.304 addressing the case for CSG cell is not sufficient for NPN in the RAN sharing case where the deployment may be that SNPN and CAG cells are RAN sharing in the same frequency with PLMN cells.
Observation#2: If UE operating in SNPN access mode or UE with non-empty allowed CAG list were to continue monitor in the same frequency for cell reselection in which it has found a cell not broadcasting its registered or selected SNPN or PLMN + CAG, as in the CSG case, it may result in unnecessary measurement on that frequency if the frequency is not used a RAN sharing deployment
Proposal#1: For a SNPN UE or a UE with non-empty allowed CAG list, if the highest ranked cell or best cell according to absolute priority reselection rules is a cell not broadcasting the registered or selected SNPN ID or the CAG ID which is one of the UE’s Allowed CAG list for the selected PLMN or the registered PLMN or PLMN of the Equivalent PLMN list, the UE shall not consider this cell as candidate for cell reselection but should continue to consider other cells on the same frequency for cell reselection (e.g. if RAN sharing of SNPN or CAG on the frequency). 
Observation#3: Proximity indicator is not required to further mitigate PCI confusion in CAG deployment, in view that such case will also happen in Rel-15 and that it may have further RAN4 impact if such Rel-15 CGI reporting is required for handover (e.g. performance requirement needed for triggering proximity indication, need of autonomous gap etc.).
Proposal#2: Proximity indication is not introduced in Rel-16 in the CAG case.
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