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Introduction

In context of RAN – CN signalling reduction, UE battery efficient operation as well as requirement to meet the latency requirements [1], a new mode of UE operation is captured in the TR 23.799 in the section 8.3 Interim Agreements on KI#3 Mobility Management in the bullet 2 below:

Interim agreements for CN/NAS state model on Key issue #3 Mobility Management are as follows:
1.
A single MM state model shall be specified consisting of

-
An MM De-registered state, in which the UE is not attached to the network; and

-
An MM Registered state, in which the UE is attached to the network. While MM Registered, the UE may be either

-
in a CN Idle state, in which the UE may only be tracked at CN location area level and may achieve at least a comparable power efficiency to that of LTE’s ECM IDLE state; or

-
in a CN Connected state, in which the UE location is known on the level of the serving RAN node.

2.
NextGen Core shall be able to optimize the MM procedures of a UE within the single MM state model.

3.
RAN2 is expected to define means for a UE in MM Registered CN Connected state not transmitting or receiving data to achieve a comparable power efficiency to that of a UE in CN Idle state. 

4.
The network shall be able to control whether a UE in MM Registered/CN Connected state uses handover or cell reselection.
One solution addressing the bullet 3 above is captured in section 6.3. Common to all solutions documented in the TR addressing bullet 3 is the assumption of the need to support RAN Paging. This is (also) captured in section 8.8 Interim agreements on KI#8: Next Generation Core and access -m functional division and interface, see the red text in the table below.
Table 8.8-1: Logical function allocation
	Location:

Function:
	NextGen RAN
	NextGen CN
	Comments

	Key Issue #1 - Network Slicing
	
	
	

	CN instance selection when UE attach to a CN network slice
	FFS
	FFS
	

	Key Issue #3 - Mobility Management
	
	
	

	Mobility management control, (Subscription and Policies) 
	
	X
	

	Determination of mobility restriction
	
	X
	

	Roaming restrictions execution
	
	X
	

	Mobility restrictions execution, [CN Connected]
	X
	
	

	Mobility restrictions execution, [CN Idle]
	
	X
	It is expected that the RAN design will enable minimization of CN-initiated paging and UE associated CN/RAN signaling

	UE registration
	
	X
	

	Area tracking
	FFS
	X
	 The need for RAN level area tracking is for RAN WGs to determine.

	UE unreachability detection
	
	X
	Assumed to be supported in CN for UEs in CN Idle state.

	RAN UE unreachability detection
	X
	
	Assumed to be supported in RAN for UEs in RAN Inactive state. If RAN inactive state exists.

	NAS state transitions
	
	X
	

	RRC state transitions
	X
	
	

	Paging initiation and control in RAN Inactive state
	X
	
	RAN Inactive state is RAN state that corresponds to CN connected state. If RAN inactive state exists.

	Paging initiation in CN Idle state
	
	X
	

	Access Stratum UE Context storage in RAN Inactive state
	X
	
	If RAN inactive state exists.

	Control of connected state mobility
	X
	X
	

	UP buffer for UE in CN Idle state
	
	X
	

	UP buffer for UE in RAN Inactive state
	X
	
	If RAN inactive state exists.

	Key Issue #4 - Session Management
	
	
	

	PDU Session address allocation
	
	X
	FFS for non-IP PDU Sessions

	PDU Session Termination Point
	
	X
	Note that this refers to the ownership of the specification for the function supporting the termination point. In a NW deployment this function may be deployed on or close to a RAN site.

	Session Management
	
	X
	

	Termination of UP security
	FFS
	FFS
	FFS

	Subscription Data Handling (incl. default QoS profile)
	
	X
	

	Key issue #12
	
	
	

	Authentication and Key Agreement
	
	X
	

	Key Issue #2 QoS
	
	
	

	Radio Resource Admission Control
	X
	
	

	Radio Resource management (QoS attributes)
	X
	
	Packet scheduling with regards to resource utilization and availability (RRM)

	Max rate control
	X
	X
	Maximum bitrate policing in the CN and RAN in UL and DL.

	QoS Policy Control
	
	X
	

	Transport marking
	X
	X
	Used for prioritization in the transport network.

	Charging Data Collection
	
	X
	

	Packet classification of DL packets for QoS differentiation on the Radio
	FFS
	FFS
	Some companies think the QoS classification for QoS differentiation of DL packets is performed in RAN.

	QoS differentiation and verification for UL packets
	FFS
	FFS
	Some companies think the QoS verification for UL packets is performed in RAN and/or CN.


Discussion
The need to support RAN Paging is based on the understanding that for a UE in Inactive mode of operation (that wording is used until RAN2 decides whether it shall be modelled using a new RRC state or not) the user plane is established to RAN and thus any new data on the user plane will be sent directly to RAN and might trigger RAN Paging.
RAN Paging will be controlled by RAN and assumes to make use of additional information assisting it to reduce the paging load on the radio interface while maintaining a reasonable success rate. The paging assistance information can be assumed to be similar to what has been specified in Rel-13 where a list of cell candidates based UE’s mobility pattern observed by the network as well as UE mobility history information provided by the UE itself adding information on UE’s whereabouts while being Idle/Inactive can be combined. Already prior to the Rel-13 paging enhancements the success rate by paging last eNB can be observed in LTE networks as high as 80%.
Observation 1: RAN Paging will reduce the paging load by using information of UE’s whereabout similar to paging enhancements in Rel-13.

RAN Paging will enable the possibility to page over the Xn interface, further improving the LTE success rate. On the other hand, RAN Paging scope is actually limited by the availability of the Xn interfaces.

Observation 2: RAN Paging scope is limited by the Xn availability.

In contrast to the NG2 interface, the Xn interface might be dynamically torn down/setup due to various reasons and thus can’t be considered as a static interface. Hence a solution that solely relies on the existence of Xn interfaces in a given RAN Paging area (regardless how that one is specified/designed) has a systematic flaw that will result in UEs becoming unreachable for MT session while being in system (access stratum as well as non-access stratum) coverage.

Observation 3: Xn is an dynamic interface and its temporality will result in RAN Paging scope being unreliable resulting in UEs becoming unreachable.

To overcome this inherent limitation of the RAN Paging concept that is based on ‘some’ RAN Paging Area, it is proposed to agree that RAN Paging shall be assisted by support for paging over NG2. This will ensure that when RAN Paging fails, paging can be escalated enabling the possibility to page over the NG2 interface.
Proposal 1: RAN Paging shall support a mechanism to page over NG2 interface controlled by the RAN.

Conclusions

Observation 1: RAN Paging will reduce the paging load by using information of UE’s whereabouts similar to paging enhancements in Rel-13.
Observation 2: RAN Paging scope is limited by the Xn availability.

Observation 3: Xn is an dynamic interface and its temporality will result in RAN Paging scope being unreliable resulting in UEs becoming unreachable.

Proposal 1: RAN Paging shall support a mechanism to page over NG2 interface controlled by the RAN.
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Proposal

The following text reflecting proposal 1 is proposed to be included in the TR 23.799 in section 8.8.

* * * Start of first changes * * * *

8.8
Interim Agreements on Key Issue #8: Next Generation core and access - functional division and interface
The following table documents the current status of agreements on the CN-RAN functional allocation:
Table 8.8-1: Logical function allocation

	Location:

Function:
	NextGen RAN
	NextGen CN
	Comments

	Key Issue #1 - Network Slicing
	
	
	

	CN instance selection when UE attach to a CN network slice
	FFS
	FFS
	

	Key Issue #3 - Mobility Management
	
	
	

	Mobility management control, (Subscription and Policies) 
	
	X
	

	Determination of mobility restriction
	
	X
	

	Roaming restrictions execution
	
	X
	

	Mobility restrictions execution, [CN Connected]
	X
	
	

	Mobility restrictions execution, [CN Idle]
	
	X
	It is expected that the RAN design will enable minimization of CN-initiated paging and UE associated CN/RAN signaling

	UE registration
	
	X
	

	Area tracking
	FFS
	X
	 The need for RAN level area tracking is for RAN WGs to determine.

	UE unreachability detection
	
	X
	Assumed to be supported in CN for UEs in CN Idle state.

	RAN UE unreachability detection
	X
	
	Assumed to be supported in RAN for UEs in RAN Inactive state. If RAN inactive state exists.

	NAS state transitions
	
	X
	

	RRC state transitions
	X
	
	

	Paging initiation and control in RAN Inactive state with support for paging over NG2 interface controlled by the RAN
	X
	X
	RAN Inactive state is RAN state that corresponds to CN connected state. If RAN inactive state exists.

	Paging initiation in CN Idle state
	
	X
	

	Access Stratum UE Context storage in RAN Inactive state
	X
	
	If RAN inactive state exists.

	Control of connected state mobility
	X
	X
	

	UP buffer for UE in CN Idle state
	
	X
	

	UP buffer for UE in RAN Inactive state
	X
	
	If RAN inactive state exists.

	Key Issue #4 - Session Management
	
	
	

	PDU Session address allocation
	
	X
	FFS for non-IP PDU Sessions

	PDU Session Termination Point
	
	X
	Note that this refers to the ownership of the specification for the function supporting the termination point. In a NW deployment this function may be deployed on or close to a RAN site.

	Session Management
	
	X
	

	Termination of UP security
	FFS
	FFS
	FFS

	Subscription Data Handling (incl. default QoS profile)
	
	X
	

	Key issue #12
	
	
	

	Authentication and Key Agreement
	
	X
	

	Key Issue #2 QoS
	
	
	

	Radio Resource Admission Control
	X
	
	

	Radio Resource management (QoS attributes)
	X
	
	Packet scheduling with regards to resource utilization and availability (RRM)

	Max rate control
	X
	X
	Maximum bitrate policing in the CN and RAN in UL and DL.

	QoS Policy Control
	
	X
	

	Transport marking
	X
	X
	Used for prioritization in the transport network.

	Charging Data Collection
	
	X
	

	Packet classification of DL packets for QoS differentiation on the Radio
	FFS
	FFS
	Some companies think the QoS classification for QoS differentiation of DL packets is performed in RAN.

	QoS differentiation and verification for UL packets
	FFS
	FFS
	Some companies think the QoS verification for UL packets is performed in RAN and/or CN.


* * * End of changes * * * *
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