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Abstract of the contribution: This contribution proposes a way forward for UE reachability in CN-IDLE, power saving functions and MO only. 
1.
Discussion
1.1
General

In TR 23.799 Section 8.3 the following agreements regarding MO only have been reached:
Agreements for reachability and MO only are as follows:
1.
Based on UE indicated preferences, UE subscription data and network policies, or any combination of them, the NG CN determines whether MO only mode is applied for the UE and indicates it to the UE during registration signalling. The UE and core network re-initiates (or exits) the MO only mode at subsequent registration signalling.

2.
A UE in MO only mode is characterized by the UE performing a registration upon the expiration of a registration timer (with potentially a very long periodic registration timer value), but not listening to paging.

NOTE 3:
In case the UE is in MO only mode then CN needs to inform RAN that the UE will not listening to paging. e.g. RAN can decide to never keep an inactive MO only mode UE in RRC Inactive state.
3.
The core network does not attempt to page a UE in MO only mode and hence the UE is only reachable from the core network when the UE initiates communication during the time the UE stays in CN connected mode.

NOTE 3a:
For a UE in CN idle, it is to be determined in the normative phase whether MT data is stored/buffered in the core network, and whether additional functionality e.g. equivalent to an active time is required.

4.
For a UE in MO only mode the core network determines the frequency of periodic registration.

NOTE 4:
It is FFS how long response time from an application server can be supported when a UE is in MO only mode e.g. how can the UE be reachable for a longer period after sending a request to an application server.
Also, in Table 8.3-1 "MO only" is captured as part of the UE reachability negotiation. 

There are two main aspects of UE reachability in CN-IDLE negotiation: 

1. UE reachability with power saving allowing MT data (and MT signalling): 
· Two examples of existing solutions in EPC fall under this category: 
i. Power Saving Mode: UE is reachable for paging during active time in ECM-IDLE.
ii. Extended idle mode DRX: UE is reachable during Paging Time Window (PTW) while in ECM-IDLE
· Proposal for this category:

i. In order to define the core network aspects of paging while the UE is in power saving and camps on NR, it is important to receive feedback from RAN WGs about how discontinuous reception in idle mode will be defined for NR. 

ii. For the case of a UE connecting to 5G Core network via "evolved E-UTRAN", the NextGen core network will have to support negotiation of extended idle mode DRX as defined for EPC in TS 23.682/TS 23.401.  
2. MO only
· Since this is a new feature, it requires a detailed discussion as captured in section 1.2 of this discussion
1.2
Detailed discussion for MO only

MO only mode is characterized by the UE not listening to paging while in ECM-IDLE mode. 

However, there are multiple open issues to be decided for MO only mode.

Open issue 1: Does the MO only UE receive a registration area?
The area where the UE has valid context, i.e. the actual registration area, is in a way independent of the paging area. In EPC, the registration area and paging area are the same, i.e. the MME needs to provide a TAI list that is small enough so that the paging area is not too large even though the area where the UE could potentially have valid registration is much larger. The UE needs to update the CN node responsible for registration (e.g. AMF in 5GC or MME in EPC) every time it leaves the registration/paging area. 
In the case of MO only, the UE is never required to be reachable for paging, therefore the AMF can provide a much larger registration area than usual, even a whole PLMN in some cases, since it is not constrained by the size of a paging area. This will minimize the need to perform registration update due to moving outside of the registration area.
On the other hand, forcing a PLMN to enable valid registration in a whole PLMN for MO only UEs is arbitrary and may limit the applicability of MO only feature.

Also, the AMF based on local policy may also need to constrain the registration area based on need to impose Mobility Restriction (i.e. enable a registration contained or equal to the allowed area, or due to tracking)

	Proposal 1: Registration area for MO only feature is not constrained by paging area size. The AMF should provide a registration area as large as possible based on local policy in AMF e.g. the registration area size may be bound to Mobility restriction and be contained by the allowed area or by the requirement to do tracking. 


Open issue 2: What should the UE behaviour be in MO only regarding registration area?

Since the UE is in MO only mode, there is no need for the UE to perform any access stratum procedures, and therefore signalling to the network, except for:

· A change in the UE configuration (e.g. change from MO only operation to normal operation) requires an update its registration with the network.

· Periodic registration timer expires

· MO data pending

· MO signalling pending (e.g. SM procedure initiated)
The UE in MO only can stop any access stratum procedures in ECM-IDLE until any of the triggers enumerated above occur. 
The UE, at the moment of a trigger for MO data or signalling as enumerated above, determines if the UE is camping within a valid registration area or not. If not, the UE triggers registration update.

	Proposal 2:  

· A UE in MO only mode can stop any access stratum procedures in ECM-IDLE until there is MO data or a trigger for MO signalling. 

· A UE in MO only mode determines if it is within the registration area or not when it has MO data or MO signalling. If not, the UE triggers registration update 


Open issue 3: MT data handling for MO only 
A UE that has successfully negotiated MO only should not require MT data.

As a result of that since the UE does not require MT data, there are other considerations to have in mind:

· The periodic registration timer is not determined by the delay tolerance of the MT data (as is the case for PSM). Only for Tracking delay requirements.
· A shorter periodic registration is also not needed since it increases signalling and power consumption.

As a matter of fact, this is a key difference between MO only and PSM where MT data is allowed. 
When MO only is negotiated the AMF knows that it can provide a large periodic registration area as it is not bound to delay tolerance for MT data, and a large registration area as it is not bound to a reasonably sized paging area. These two aspects make MO only more efficient than PSM, for the case that data and signalling are truly MO only. 
When the AMF has negotiated MO only with a UE, it provides an MO only indication to the SMF. The SMF rejects any request for downlink data delivery for an MO only UE in idle mode.  

	Proposal 3:

· A UE that has negotiated MO only should not require MT data.

· HLCom type of solution does not apply to MO only, the network should drop any downlink data when the MO only UE is in CN-IDLE

· The network may provide the MO only information to application server via the Network Exposure Function.
· When the AMF has negotiated MO only with a UE, it provides an MO only indication to the SMF.

· The SMF rejects any request for downlink data delivery for an MO only UE in idle mode. 
· The AMF also rejects any request for downlink transport over NAS of e.g. SMS, location services, etc.

· The SMF/AMF do not initiate any SM/MM procedures towards a UE in MO only while in ECM-IDLE.


Open issue 4: RRC inactive and MO only coexistence
From the core network perspective there should be a crystal clear reachability notion for MO only UEs:

· The MO only is not reachable for MT data/signalling while in CN-IDLE

· The MO only UE is reachable for MT data/signalling while in CN-CONNECTED.

· This is to allow applications to react and send data back to the UE after the UE has contacted the AS.
The issue with the agreement in TR 23.799 is the following:

· If the MO only UE does not listen to paging while CN-CONNECTED with RRC Inactive mode AND the RAN node is allowed to establish RRC Inactive mode, then the MO only may not be reachable while in ECM-CONNECTED. 

Therefore, there are two possible ways forward:

Option 1: The MO only UE does listen to paging while in CN-CONNECTED with RRC Inactive mode

Option 2:
RRC Inactive mode is disabled by the Core Network when the UE is in MO only mode.
It is proposed to adopt Option 2 and slightly deviate from the agreement in TR 23.799.

	Proposal 4: The core network shall not enable RRC Inactive mode when the UE is in MO only mode.


2.
Proposal 
It is proposed to capture the MO only feature in TS 23.501 in line with the following proposals 
Proposal 1: Registration area for MO only feature is not constrained by paging area size. The AMF should provide a registration area as large as possible based on local policy in AMF e.g. the registration area size may be bound to Mobility restriction and be contained by the allowed area or by the requirement to do tracking. Proposal 2:  

· A UE in MO only mode can stop any access stratum procedures in ECM-IDLE until there is MO data or a trigger for MO signalling. 
· A UE in MO only mode determines if it is within the registration area or not when it has MO data or MO signalling. If not, the UE triggers registration update
Proposal 3:

· A UE that has negotiated MO only should not require MT data.

· HLCom type of solution does not apply to MO only, the network should drop any downlink data when the MO only UE is in CN-IDLE

· The network may provide the MO only information to application server via the Network Exposure Function.
· When the AMF has negotiated MO only with a UE, it provides an MO only indication to the SMF.

· The SMF rejects any request for downlink data delivery for an MO only UE in idle mode. 

· The AMF also rejects any request for downlink transport over NAS of e.g. SMS, location services, etc.

· The SMF/AMF do not initiate any SM/MM procedures towards a UE in MO only while in ECM-IDLE.
Proposal 4: The core network shall not enable RRC Inactive mode when the UE is in MO only mode.
3.
Proposed text to TR 23.501

First Change

5.2 Connection, Registration and Mobility Management
5.2.x
UE reachability in CN-IDLE
5.2.x.1
General

The UE and the AMF negotiate UE reachability characteristics in CN-IDLE state during registration and registration update procedures.
There are two UE reachability categories in CN-IDLE negotiation: 

1.
UE reachability allowing Mobile Terminated data while the UE is CN-IDLE mode.
-
Paging procedures apply to this category. 

-
Mobile originating and mobile terminated data apply in this category for both CN-CONNECTED and CN-IDLE mode.
2.
Mobile Originated only (MO only) mode
-
Mobile originated data applies in this category for both CN-CONNECTED and CN-IDLE mode.

-
Mobile terminated data is not supported when the UE is in CN-IDLE mode, it is only supported when the UE is in CN-CONNECTED mode.
Editor’s note: The final name of MO only mode is FFS.
5.2.x.2
UE reachability allowing Mobile Originated data while the UE is CN-IDLE

5.2.x.2.1
General characteristics
For this category, the UE reachability is determined by the following aspects:
-
The UE reachable time window: when the UE is reachable for paging in CN-IDLE. In the absence of any negotiation of UE reachable time window, the UE is assumed always reachable for paging while in CN-IDLE.
Editor’s note: How to negotiate when the UE becomes reachable is FFS and has dependency on RAN procedures for paging. 

-
UE reachable area: This area is equal to the registration area provided by the AMF during registration and registration update procedures. 
-
High latency communication: the handling of the mobile terminated data in the core network when the UE is unreachable for extended periods of time. 
Editor’s note: high latency communication handling for 5G system is FFS.
5.2.x.3
Mobile Originated only (MO only) mode
Editor’s note: The final name of MO only mode is FFS.

A UE may indicate preference for MO only mode during registration and/or registration update. The AMF, based on subscription, local configuration based on UE indicated preferences, UE subscription information and network policies, or any combination of them, determines whether MO only mode is applied for the UE and indicates it to the UE during registration signalling. 
The UE and core network re-initiates or exits the MO only mode at subsequent registration signalling. MO only mode needs to be applied explicitly in every registration and registration update.
When the AMF applies MO only mode to a UE, the registration area is not constrained by paging area size. 
Editor's Note: It is FFS whether AMF should provide a registration area to UE in MO only 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 applies MO only mode to a UE, the AMF considers the UE always unreachable while in CN-IDLE. The UE in MO only mode is only reachable for mobile terminated data or signalling when the UE is in ECM-CONNECTED mode for the PDU sessions that are resumed.The CN rejects any request for downlink data delivery for an MO only UE in idle mode. The CN also does not allow downlink transport over NAS for SMS, location services, etc.
A UE in MO only mode performs periodic registration as determined by the periodic registration timer.
A UE in MO only mode does not listen to paging while in CN-IDLE. A UE in MO only mode may stop any access stratum procedures in ECM-IDLE, until the UE initiates ECM-IDLE to ECM-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: If registration area is allocated to UE in MO only mode. The UE determines if it is within the registration area or not when it has MO data or MO signalling.
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