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Discussion

In the last meeting, it was agreed the AMF provides a Pending Data indication to the RAN node in order to resolve following EN(currently removed):

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.
This EN was talking about the case when N2/N3 connection for the UE is released due to RRC inactivity during MT data from an application server or DL SMS is coming to the UE, e.g., in case of delay tolerant traffic. In order to enable delivery of MT data in such case, SA2 agreed that AMF may provide a Pending Data indication to the RAN, according to existing feature in EPC system (refer to TS 23.401). 

On the other hands, there are two features in TS 23.401 to assist RAN node to determine RRC user inactivity.

1) Pending Data Indication

<Quoted from TS 23.401>

If the MME is aware that some signalling or data is pending in the network for an UE that is known as being unreachable for a long duration, e.g. for UE's having extended idle mode DRX or PSM enabled, the MME may include a Pending Data indication in the next S1-AP message towards an eNB. If the eNB receives this indication, the eNB may take this information into account when determining user inactivity. At inter-RAN node handovers, if some signalling or data are still pending, the target MME may send a Pending Data indication to the target RAN node.
</Quoted>

2) Expected UE behaviour
<Quoted from TS 23.401>

4.3.21.1
CN Assistance Information

<omitted/>

Core Network assistance information may be derived by the MME per UE in the MME based on collection of UE behaviour statistics or other available information about the expected UE behaviour (such as subscribed APN, IMSI ranges or other subscription information). If the HSS provides the Communication Pattern (CP) parameters within the subscription profile information, then the MME may use the CP parameters for selecting the CN assisted eNB parameters. The CP parameters received from the HSS are used by the MME as input to derive the CN assisted eNB parameter values. For the case of statistics-based Core Network assistance information collection, this may be enabled based on local configuration (e.g. subscribed APN, IMSI ranges or other subscription information).This information provides the eNB with a way to understand the UE behaviour for these aspects:

-
"Expected UE activity behaviour", i.e. the expected pattern of the UE's changes between ECM-CONNECTED and ECM-IDLE states. This may be derived e.g. from statistical information or from subscription information.

-
"Expected HO interval", i.e. the expected time interval between inter-eNB handovers. This may be derived e.g. from statistical information or from subscription information. The "Expected HO interval" parameter is not based on subscription information. Highly mobile UEs may have the ECM-CONNECTED state reduced to reduce handover signalling, unless the activity data do not justify that, as reduced handover signalling would be outweighed by more Service Request signalling).

The respective signalling to support this feature is specified in TS 36.413 [36].

The MME decides when to send this information to the eNB as "Expected UE behaviour " carried in S1-AP signalling over the S1-MME interface as per procedure documented in clause 4.3.21.3.

NOTE 1:
The calculation of the Core Network assistance information, i.e. the algorithms used and related criteria, and the decision when it is considered suitable and stable to send to the eNB are vendor specific. Unreliable information should not be provided to the eNB as it may drive undesirable system effects.

NOTE 2:
It is recommended the MME or, depending on where this assessment is performed, the eNB, can consider the average times in the ECM-CONNECTED and ECM-IDLE states an accurate representation of the traffic patterns if the average time in ECM-CONNECTED mode is short enough to assume the UE is generally actively transmitting and/or receiving data while in ECM-CONNECTED state.

</Quoted>

Both features have same output from eNB perspective, e.g., determines RRC inactivity. 

However S1AP specification (TS 36.413) describes not ‘pending data indication’ but ‘Expected UE behaviour’ as following:

<Quoted from TS 36.413>

9.2.1.96
Expected UE Behaviour

This IE defines the behaviour of a UE with predictable activity and/or mobility behaviour, to assist the eNB in determining the optimum RRC connection time.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Expected UE Activity Behaviour
	O
	
	9.2.1.97
	

	Expected HO Interval
	O
	
	ENUMERATED (sec15, sec30, sec60, sec90, sec120, sec180, long-time, ...)
	Indicates the expected time interval between inter-eNB handovers. 

If "long-time" is included, the interval between inter-eNB handovers is expected to be longer than 180 seconds.


9.2.1.97
Expected UE Activity Behaviour

Indicates information about the expected "UE activity behaviour" as defined in TS 23.401 [11].

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Expected Activity Period
	O
	
	INTEGER (1..30|40|50|60|80| 100|120|150|180| 181, ...)
	If this IE is set to "181" the expected activity time is longer than 180 seconds.

The remaining values indicate the expected activity time in [seconds].

	Expected Idle Period
	O
	
	INTEGER (1..30|40|50|60|80| 100|120|150|180| 181, ...)
	If this IE is set to "181" the expected idle time is longer than 180 seconds.

The remaining values indicate the expected idle time in [seconds].

	Source of UE Activity Behaviour Information
	O
	
	ENUMERATED (subscription information, statistics, ...)
	If "subscription information" is indicated, the information contained in the Expected Activity Period IE and the Expected Idle Period IE, if present, is derived from subscription information.

If "statistics" is indicated, the information contained in the Expected Activity Period IE and the Expected Idle Period IE, if present, is derived from statistical information.


</Quoted>
In addition, in the context of resolved EN in TS 23.501, Expected UE behaviour seems more suitable to the EN than Pending Data Indication. Also we haven’t captured PSM in 5G system, and DRX related feature has been working by RAN WG, while the ‘Pending Data Indication’ in EPC is for UE's having extended idle mode DRX or PSM enabled.
On the other hands, in 5G system, it would better to have unified way to assist RAN node for determining RRC inactivity rather than adding new information one by one. Therefore, it is proposed to have general Core Network assistance information, which includes preferred value for inactivity timer.
Proposal 1: Change “pending data indication’ to ‘Assistance information for UE behaviour’
Proposal 2: Add new clause for ‘CN Assistance information for UE behaviour’ 
Proposal

***** Start of Change (Change over previous agreed CR)*****
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 to the UE. In that case, re-registration to the same PLMN due to mobility does not apply.
Editor’s Note: whether the AMF does not allocate a periodic registration timer when providing an “all PLMN” registration area or provides a very long periodic registration timer is FFS.

If mobility restrictions are applied to a UE in MICO mode, the AMF needs to allocate an allowed area/non-allowed area to the UE as specified in clause 5.3.4.1.

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.
In order to allow for timely delivery of mobile terminated data and/or signalling, when a UE in MICO mode transitions to CM-CONNECTED, the AMF may provide a Assistance Information for UE behaviour to the RAN node. If the RAN node receives this indication, the RAN node may take this information into account when determining user inactivity.


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.
***** Next Change *****
5.4.x
Core Network Assistance Information for UE behaviour
CN (Core Network) Assistance Information aids the 5G RAN to minimize the UE state transitions and achieve optimum network behaviour. How the 5G RAN uses the Core Network Assistance Information is not in scope of this specification.
CN Assistance Information may be derived by the AMF per UE based on collection of UE behaviour statistics or other available information about the expected UE behaviour (e.g., related to subscription information). If the UDM provides the Communication Pattern (CP) parameters within the subscription profile information, then the AMF may use the CP parameters as input to derive the CN Assistance Information values. This information provides the 5G RAN with a way to understand the UE behaviour for these aspects:

-
"Expected UE activity behaviour", i.e. the expected pattern of the UE's changes between CM-CONNECTED and CM-IDLE states.

-
"Expected HO interval", i.e. the expected time interval between inter-5G RAN handovers. Highly mobile UEs may stay in the ECM-CONNECTED state shortly to reduce handover signalling, unless the activity data does not justify that, as reduced handover signalling would be outweighed by more Service Request signalling.
Editor’s Note: 
The respective signalling to support this feature would be specified by RAN WG
Editor’s Note: 
It is FFS how to calculate the CN assistance information, i.e. the mobility pattern used, and related criteria, and the decision when it is considered.
The AMF provides CN assistance information to the 5G RAN if available, during the setup of the N2 signalling connection.
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