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1	Introduction
Durin the study phase of NR following agreements were reached regarding reselection handling in NR as capture din 38.804 v1.0.0:
[bookmark: _Toc476249021]10.1.1.1	Cell reselection
The following cell reselection methods as specified in TS 36.304 [15] are applicable based on the corresponding parameters broadcast while the UE is camping on a cell in NR:
-	Intra-frequency reselection is based on ranking of cells.
-	Inter-frequency reselection is based on absolute priorities.
-	Inter-RAT reselection can be also based on absolute priorities.
-	Frequency specific cell reselection parameters common to all neighbouring cells on a frequency;
-	Service specific prioritisation;
NOTE 1:	For NR, it is FFS for which services the service specific prioritisation is applied and how it could be applied for the case of network slices.
-	A concept of neighbour cell lists and black cell lists;
-	Speed dependent cell reselection.
In multi-beam operations, measurement quantity of a cell is derived from N best beams corresponding to the same cell where the value of N can be configured to 1 or more than 1.
NOTE 2:	It is FFS on details of filtering to be applied (E.g. for the case N = 1, the best beam is filtered by a single filter as the best beam changes) and whether to only consider beams above a threshold (good beams).
Additionally for the need to support reselection behavior both in IDLE and INACTIVE states.
In this paper we give a view how to proceed to progress reselection handling in the RAN2 specifications  namely 38.304 and 38.331.
Additionally for cell selection following agreements were made:
[bookmark: _Toc476249016]9.1	Cell selection
Cell selection is performed by one of the following two procedures:
a)	Initial cell selection (no prior knowledge of which RF channels are NR carriers);
1.	The UE shall scan all RF channels in the NR bands according to its capabilities to find a suitable cell.
2.	On each carrier frequency, the UE need only search for the strongest cell.
3.	Once a suitable cell is found this cell shall be selected.
b)	Cell selection by leveraging stored information.
1.	This procedure requires stored information of carrier frequencies and optionally also information on cell parameters, from previously received measurement control information elements or from previously detected cells.
2.	Once the UE has found a suitable cell the UE shall select it.
3.	If no suitable cell is found the Initial Cell Selection procedure shall be started.
The following three levels of services are provided while a UE is in RRC_IDLE:
-	Limited service (emergency calls, ETWS and CMAS on an acceptable cell);
-	Normal service (for public use on a suitable cell);
-	Operator service (for operators only on a reserved cell).
The definition of an acceptable cell, a suitable cell, a barred cell and a reserved cell is also applicable for cell selection in NR. A cell is considered as suitable if the following conditions are fulfilled:
-	Measurement quality of a cell is above a threshold;
-	A cell is served by the selected/registered PLMN and not barred.
NOTE:	Other conditions are FFS if any.
In multi-beam operations, measurement quantity of a cell is derived amongst the beams corresponding to the same cell. It is FFS how to derive the cell level measurement quantity from multiple beams, which may or needs not be different for the one in RRC_CONNECTED.

2	Discussion

2.1	NAS-AS functional split
In LTE there is table capturing functional split of NAS and AS procedures:
	Idle Mode Process
	UE Non-Access Stratum
	UE Access Stratum

	PLMN Selection 
	Maintain a list of PLMNs in priority order according to [5]. Select a PLMN using automatic or manual mode as specified in [5] and request AS to select a cell belonging to this PLMN. For each PLMN, associated RAT(s) may be set.

Evaluate reports of available PLMNs from AS for PLMN selection.

Maintain a list of equivalent PLMN identities.
	Search for available PLMNs.

If associated RAT(s) is (are) set for the PLMN, search in this (these) RAT(s) and other RAT(s) for that PLMN as specified in [5].

Perform measurements to support PLMN selection.

Synchronise to a broadcast channel to identify found PLMNs.

Report available PLMNs with associated RAT(s) to NAS on request from NAS or autonomously.

	Cell 
Selection
	Control cell selection for example by indicating RAT(s) associated with the selected PLMN to be used initially in the search of a cell in the cell selection. NAS is also maintaining lists of forbidden registration areas and a list of CSG IDs and their associated PLMN ID on which the UE is allowed (CSG whitelist) and provide these lists to AS.
	Perform measurements needed to support cell selection.

Detect and synchronise to a broadcast channel. Receive and handle broadcast information. Forward NAS system information to NAS.

Search for a suitable cell. The cells broadcast one or more 'PLMN identity' in the system information. Respond to NAS whether such cell is found or not.

If associated RATs is (are) set for the PLMN, perform the search in this (these) RAT(s) and other RATs for that PLMN as specified in [5].

If such a cell is found, the cell is selected to camp on.

	Cell 
Reselection
	Control cell reselection by for example, maintaining lists of forbidden registration areas.

Maintain a list of equivalent PLMN identities and provide the list to AS.

Maintain a list of forbidden registration areas and provide the list to AS.

Maintain a list of CSG IDs and their associated PLMN ID on which the UE is allowed (CSG whitelist) to camp and provide the list to AS.
	Perform measurements needed to support cell reselection.

Detect and synchronise to a broadcast channel. Receive and handle broadcast information. Forward NAS system information to NAS.

Change cell if a more suitable cell is found.

	Location registration
	Register the UE as active after power on.

Register the UE's presence in a registration area, for instance regularly or when entering a new tracking area.

Maintain lists of forbidden registration areas.

Deregister UE when shutting down.

Control and restrict location registration for a UE in eCall only mode.
	Report registration area information to NAS.

	Support for manual CSG selection
	Provide request to search for available CSGs.

Evaluate reports of available CSGs from AS for CSG selection.

Select a CSG and request AS to select a cell belonging to this CSG.
	Search for cells with a CSG ID.

Read the HNB name from BCCH on SIB9 if a cell with a CSG ID is found.

Report CSG ID of the found cell broadcasting a CSG ID together with the HNB name and PLMN(s) to NAS.
On selection of a CSG by NAS, select any cell belonging to the selected CSG fulfilling the cell selection criteria and not barred or reserved for operator use for UEs not belonging to AC 11 or 15 and give an indication to NAS that access is possible (for the registration procedure).




Generally, this table can be used also for NR although some functionalities may need to be discussed whether they are to be supported in NR but it seems clear that in some way one needs to support at least following functionalities:
PLMN selection: We assume that PLMN selection functional division is mostly unaffected. It is probably not RAN2 decision to decide though whether NR EPLMN and EHPLMN functionalities. What we could discuss is that whether we need to support RAN sharing i.e. multiple PLMNs sharing same eNB. This seems to have been one vital features in 3GPP and we think it should be supported. Probably it would be good to check with CT1 whether their intention is to have changes how PLMN selection is currently modelled.
Tracking area handling: Most likely in NR there will be some sort of NAS tracking area that needs to be supported and functional split of that seems feasible already in EUTRAN. 
Cell selection/reselection (apart from CSG): We think that from RAN2 point of view there is no need to change modeling of cell selection/reselection behaviour between AS and NAS. 
CSG: It is not clear whether CSG (closed subscriber group) is needed to be supported in NR. This probably needs to be checked with SA1/2.
So, all in all we don’t at this point see strong motivation to change modelling of functionalities between AS and NAS.
Proposal: Keep modeling of AS/NAS functional split similar to LTE
But it seem to be good to verify with other relevant WGs if there has been discussions to do some changes or omitting of some features that are currently supported in LTE:
Proposal: Send an LS to CT1/SA2 asking if they see that in NR there would be need to modify AS/NAS functional split from LTE. And if Agreed in RAN2 notify that RAN2 has not seen strong needs to do modification in the modeling. Also, ask whether NR needs to support all the functionalities e.g. CSG, RAN sharing.
2.2	Idle “states”
In LTE we have defined multiple “states” in IDLE:
Camped Normally: Basically, state where UE is camped on suitable cell and is able to receive paging and performs regular reselection
Any Cell Selection: UE gets in this state if it cannot find suitable cell to camp on => UE tries to find acceptable cell to camp on in order to establish emergency call services if needed.
Camped on Any Cell: UE is in this state when camping on acceptable cell and performs emergency calls (also ETWS/CMAS reception). 
Generally, we haven’t seen big issues with this state modeling thus we propose:
Proposal: “copy paste” state modeling from LTE – naturally one needs to get confirmation from other WGs whether PLMN selection/forbidden TA handling is analogous between LTE and NR. Those aspects can be left FFS until answer from corresponding WGs is received.
2.3	Cell Reservations and Access Restrictions 
In legacy radio technologies, e.g. in LTE it is possible for operator to reserve cell for specific users (or bar the cell completely) e.g. only specific Access Classes are allowed to camp on the cell. It seems likely that similar kind of behaviour is needed in NR as well but also this aspect is something that need confirmation from other WGs
Proposal: Send an LS to CT1/SA2 asking whether cell barring, cell reserved for operator use are to be defined similarly to legacy systems. 
In this paper we do not consider access barring but that is to be discussed separately.
2.4	Mobility restrictions
In 25.301 chapter 5.3.4 one can find that there are new definitions for mobility restrictions for NR. It is stated “Mobility Restrictions in CM-IDLE state are executed by the UE based on information received from the core network. Mobility Restrictions in CM-CONNECTED state are executed by the radio access network and the core network.”
And
Mobility restrictions consists of RAT restriction, forbidden area, and service area restrictions as follows:
-	RAT restriction:
Defines the 3GPP Radio Access Technology(ies), a UE is not allowed to access. In a restricted RAT a UE is based on subscription not permitted to initiate any communication with the network.
-	Forbidden area:
In a Forbidden area under a given RAT, the UE is based on subscription not permitted to initiate any communication with the network.
-	Service area restrictions:
Defines areas in which the UE may or may not initiate communication with the network as follows:
-	Allowed area:
In an allowed area under a given RAT, the UE is permitted to initiate communication with the network as allowed by the subscription.
-	Non-allowed area:
In a non-allowed area under a given RAT a UE is service area restricted based on subscription. The UE is not allowed to initiate UE triggered Service Request or SM signalling to obtain UE initiated user services (both in CM-IDLE and in CM-CONNECTED states). The UE shall perform periodic and mobility registration updates, and if the UE is not already registered, it may also perform initial registration to attach to network in Non-allowed area due to mobility. The UE in a Non-allowed area shall respond to core network paging with Service Request.”
And
A UE shall override any forbidden area and non-allowed area restrictions whenever access to the network is required for regulatory prioritized services like Emergency services and MPS.
In legacy 3GPP radio technologies forbidden TAs for roaming were handled in such a way that UE does not consider those cells as candidate for reselection for 300 seconds i.e. such a cells are not suitable. On the other hand TAs which are “forbidden for regional provision of service” are suitable to camp on but they only provide limited service (i.e. emergency calls allowed). 
It seems that “RAT restriction” and “Forbidden area” are not suitable cells from RAN2 point of view but in order to make efficient system it does not seem ideal to model “RAT restriction” with 300 second timer as that would require UE to search suitable cells from other RATs every 5 minutes but if this assumption is done then it means that “RAT restriction” is more or less PLMN wide policy and if there is area specific restriction then one should utilize “forbidden area” instead. If these assumption are correct from RAN2 perspective it would be best for UE power consumption and system efficiency to allow UE not to consider RATs under “RAT restriction” as candidates for reselection at all. 
Proposal: UE does not need to consider RATs under “RAT restrictions” as candidates for reselection for suitable cells. 
On the other hand “forbidden area” is not PLMN wide area and thus UE needs to check every now and then whether it has moved to new area which is not anymore under “forbidden area”. From RAN point of view one cannot consider physical cells as not being candidates for reselection forever as it is not 100% sure that UE is not actually hearing some other cell which just happens to have same physical cell identity as the one causing the cell not to be considered as candidate for reselection. Thus for this scenario it seems that 300 second timer handling is suitable and tested behaviour from legacy systems.
Proposal: If the best cell according to reselection rules is an intra-frequency or inter-frequency cell which is not suitable due to being part of the "forbidden area", the UE shall not consider this cell and other cells on the same frequency, as candidates for reselection for a maximum of 300s. 
The new definition of “allowed” area seems to match with suitable cell definition
Proposal: “allowed area” is seen as suitable cell from RAN point of view
The new definition of “non-allowed” area needs though bit more thinking. If UE enters a cell in such an area UE can camp on the cell but UE is not allowed to initiate data transmission in such an area (e.g. service request) but is required to perform area updates (or attach if required). It should be noted that only MO (UE triggered) accesses are not allowed but e.g. access due to paging is allowed. If NAS layers are handling to management of allowed/non-allowed areas – for modelling there are two options (at least):
1. Whenever UE camps on new cell AS delivers NAS identities to upper layers which will then not initiate data transfer or any access that is not allowed.   
2. Whenever UE camps on new cell AS delivers NAS identities to upper layers. NAS keeps AS informed about which cells/TAs are in non-allowed area. NAS will not initiate any NAS procedures that are not allowed in the area. And AS will not initiate any procedures which are not allowed in the area.
Modelling 1. is aligned with legacy behaviour and seems to be suitable in IDLE state. Paging handling does not seem to require any special handling as such as UE would start connection establishment as normally even when in non-allowed area. This would be also very simple from RAN2 point of view as cell can be seen as suitable but then NAS would be limiting accesses to the cell based on its information whether cell belongs to non-allowed area.
Proposal: “non-allowed area” is suitable cell from RAN point of view. NAS will handle that no access is made in the “non allowed area” that is not acceptable. Check with SA2/CT1 that this is OK assumption for them.
But then interesting aspect is how this is done for RRC_INACTIVE – analogously one could consider that UE can do “mobility registration updates” in this state i.e. RAN paging area updates and similarly UE would be allowed to answer to RAN paging. But this aspect is not 100% clear in the 23.501 so we would propose:
Proposal: Send an LS to SA2/CT1 asking whether in non-allowed area while in RRC_INACTIVE UE can perform RAN paging area updates and answer to RAN paging.
2.5	MICO
In 23.501 there is currently defined Mobile Initiated Connection Only (MICO):
[bookmark: _Toc476480114]5.4.1.3	Mobile Initiated Connection only (MICO) mode
A UE may indicate preference for MICO mode during initial registration or registration update. The AMF, based on local configuration, UE indicated preferences, UE subscription information and network policies, or any combination of them, determines whether MICO mode is allowed for the UE and indicates it to the UE during Registration procedure.
The UE and core network re-initiates or exits the MICO mode at subsequent registration signalling. If MICO mode is not indicated explicitly in Registration, then both the UE and the AMF shall not use the MICO mode.
The AMF assigns a registration area to the UE during the registration procedure. When the AMF indicates MICO mode to a UE, the registration area is not constrained by paging area size. The network, based on local policy, and subscription information, may decide to provide an "all PLMN" registration area indication to the UE. In that case, re-registration to the same PLMN due to mobility does not apply.
Editor's note:	It is FFS whether AMF should provide a registration area to UE in MICO mode. If the registration area is provided, the registration area size may be bound to Mobility restrictions (i.e. the registration may be contained by the allowed area) and by requirements to perform tracking for the UE.
When the AMF indicates MICO mode to a UE, the AMF considers the UE always unreachable while in CM-IDLE. The CN rejects any request for downlink data delivery for an MICO UE in idle mode. The CN also defers downlink transport over NAS for SMS, location services, etc. The UE in MICO mode is only reachable for mobile terminated data or signalling when the UE is in CM-CONNECTED mode for the PDU sessions that are resumed.
Editor's note:	When the UE is in CM-CONNECTED after it has sent MO Data it is FFS how long the network needs to maintain the UE in CM-CONNECTED to enable delivery of MT Data from an application server and/or DL over NAS of SMS, location services etc.
A UE in MICO mode performs periodic registration at the expiration of periodic registration timer.
A UE in MICO mode need not listen to paging while in CM-IDLE. A UE in MICO mode may stop any access stratum procedures in CM-IDLE, until the UE initiates CM-IDLE to CM-CONNECTED mode procedures due to one of the following triggers:
-	A change in the UE (e.g. change in configuration) requires an update its registration with the network.
-	Periodic registration timer expires.
-	MO data pending.
-	MO signalling pending (e.g. SM procedure initiated).
Editor's note:	It is FFS whether the AMF indicates to the RAN that the UE is in MICO mode.
If a registration area that is not the "all PLMN" registration area is allocated to a UE in MICO mode, then the UE determines if it is within the registration area or not when it has MO data or MO signalling.
 So in summary from RAN point of in MICO mode UE does not need to follow AS procedures (paging/reselection/ETWS etc.) as defined for IDLE unless UE starts connection to NW e.g. due to NAS signalling or MO data. As UE does not need to follow AS procedures all the time it seems that UE is basically turned off from RAN point of view until there is need to establish connection. 
Observation: From RAN point of view MICO is seen basically in such a way that RAN operations halted until NAS sees a need to start a connection. 
Assuming that MICO connection establishment is not time critical it is OK to start cell selection procedure when upper layers request to “turn on AS”. So basically from RAN point of view this is like PSM in LTE. It might be good to check with SA2/CT1 if this is also their understanding
Proposal: Ask SA2/CT1 whether MICO mode is seen in RAN so that no RAN operations are ongoing until NAS requests a connection and it is OK to start cell selection procedure once upper layers request connection.
4	Conclusion
In this paper we discussed NAS/AS interaction and we came to various observations and proposals:
Functional split:
Proposal 1: Keep modeling of AS/NAS functional split similar to LTE
But it seem to be good to verify with other relevant WGs if there has been discussions to do some changes or omitting of some features that are currently supported in LTE:
Proposal 2: Send an LS to CT1/SA2 asking if they see that in NR there would be need to modify AS/NAS functional split from LTE. And if Agreed in RAN2 notify that RAN2 has not seen strong needs to do modification in the modeling. Also, ask whether NR needs to support all the functionalities e.g. CSG, RAN sharing.
IDLE states:
Proposal 3: “copy paste” state modeling from LTE i.e. introduce camped normally, any cell selection and camped on any cell states to NR – naturally one needs to get confirmation from other WGs whether PLMN selection/forbidden TA handling is analogous between LTE and NR. Those aspects can be left FFS until answer from corresponding WGs is received.
Regarding cell reservations:
Proposal 4: Send an LS to CT1/SA2 asking whether cell barring, cell reserved for operator use are to be defined similarly to legacy systems. 
Regarding forbidden/ allowed areas:
Proposal 5: UE does not need to consider RATs under “RAT restrictions” as candidates for reselection for suitable cells. 
Proposal 6: If the best cell according to reselection rules is an intra-frequency or inter-frequency cell which is not suitable due to being part of the "forbidden area", the UE shall not consider this cell and other cells on the same frequency, as candidates for reselection for a maximum of 300s. 
Proposal 7: “allowed area” is seen as suitable cell from RAN point of view
Proposal 8: “non-allowed area” is suitable cell from RAN point of view. NAS will handle that no access is made in the “non allowed area” that is not acceptable. Check with SA2/CT1 that this is OK assumption for them.
Proposal 9: Send an LS to SA2/CT1 asking whether in non-allowed area while in RRC_INACTIVE UE can perform RAN paging area updates and answer to RAN paging.
Regarding MICO:
Observation: From RAN point of view MICO is seen basically in such a way that RAN operations halted until NAS sees a need to start a connection. 
Proposal 10: Ask SA2/CT1 whether MICO mode is seen in RAN so that no RAN operations are ongoing until NAS requests a connection and it is OK to start cell selection procedure once upper layers request connection.
Based on these it seems that it would be good to sned LS to SA2/CT1 as soon as possible to ensure that we have mutual understanding on how various features are to be defined in NR
Proposal 11: Send a LS to CT1/SA2 trying to get mutual understanding between WGs how to implements various idle mode/inactive features in NR
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