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1
Introduction
In RAN 2 meeting #AH [1], the agreements below are made.

Agreements:

1.
Support option 2 (cell list) and/or option 3 (RAN id) (FFS which one or both)

2.
A UE in INACTIVE is reachable via RAN-initiated notification and CN-initiated Paging. RAN and CN paging occasions overlap and same paging/notification mechanism used.

Similarly, in RAN 2 meeting #96 [2], the following agreements were made.

Agreement

1.
RAN2 assumes that UE performs CN level location update when crossing a TA boundary when in inactive (in addition to RAN updates based on RAN areas). 

2.
There will be NG Core/CN Location Area code (similar to Tracking Area code) broadcast in system information of an NR Cell.
3.
RAN based notification area is UE-specific and configurable by the gNB via dedicated signalling

4.
There will be a unique global Cell ID broadcast in system information of NR Cell.

5.
For the inactive state there will be a way to configure the UE with a RAN based notification area that is smaller than a TA.

6.
A RAN notification area can cover a single cell or multiple cells

Moreover, it is agreed that “for the UE in the “new state”, RAN should be aware whenever the UE moves from one “RAN-based notification area” to another” in RAN 2 meeting #95 and “in the RRC_INACTIVE state, a UE location can be known at the RAN based area level” in RAN 2 meeting #95bis [3]
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[4]. 

According to the agreements, a UE can be reached via RAN-initiated and CN-initiated paging. In addition, a UE updates its location (or atleast notifies the RAN) when it moves out of its RAN-based notification area. In this contribution, we discuss possible interactions between RAN-initiated notification and CN-initiated paging. 

2
Paging in RRC_INACTIVE

A UE in RRC Inactive can be reached via RAN-initiated notification and CN-initiated paging. However, it is not clear yet how the two UE reachability mechanisms interact and whether interaction is transparent to the UE. A possible interactions and the need for UE transparent interaction are discussed below. 

2.1
Sequential paging 

Based on the agreements from the previous meeting, it is clear now that a UE will have two location area information: a CN based TA and a RAN based notification area. The RAN based notification area is smaller than the CN based TA. Thus, one could think of using a sequencial paging approach such that the network first tries to reach the UE via RAN-initiated notification and if it cannot be reached the network initiates a CN-initiated paging. 

However, it can be noted that the failure to reach UE via RAN-initiated notification occurs rarely. This is because the UE has to update its RAN based notification area when it reselects a cell that is not part of its RAN based notification area. Thus, the failure to reach UE via RAN-initiated notification may occur in cases where the UE is in coverage hole or the notification is sent when the UE is out of its RAN based notification area while in DRX or updating its RAN area. Even in these cases, with sufficient number of retransmissions, the UE can be reached via RAN-initiated notification although with delay.
Observation 1: There is little benefit to transfer the paging initiator role to the CN upon RAN initiated notification failure.
2.2
Hybrid paging

In section 2.1, it is shown that RAN rarely fails to reach UE via RAN-initiated notification. As a consequence, the CN-initiated paging as a result of a RAN-initiated notification failure would bring little beenfit. However, in some use cases, e.g. high mobility UEs, it is benficial to soley rely on CN-initiated paging to reach UEs in RRC Inactive. One of the benefits is that a large RAN based notification area can be defined for the UE in order to avoid frequent RAN area updates. The anchor gNB may have limited knowledge to define large RAN based notification area, which is not a problem for the CN. Another benefit is that it creates the opportunity to buffer Mobile Terminating (MT) data in the NGC-UP so that inter-gNB data forwarding may be avoided. Thus, the load between Xn and RAN/CN interfaces can be balanced by adjusting the number of UEs whose paging is initiated from the CN. On the other hand, if the RAN based notification area is large, a situation may occur where there is no Xn interface between the anchor gNB and all the gNBs in the notification area. In this case, it is more efficient to reach the UE through CN-initiated paging than RAN-initiated notification, e.g. in terms of signalling overhead. 

Therefore, it should be possible for the RAN to transfer the paging initiatiation role to the CN when a UE enters RRC Inactive or a UE is updating its RAN area. The decision can be made, for example, based on the mobility state estimation of the UE. Consider an example where the RAN based notification area is defined to be small, e.g. to consist of cells that belong to the anchor gNB. When the UE moves out of its notification area, it initiates the RAN area update procedure. The RAN may prefer to define a larger updated RAN based notification area in order to avoid subsequent and frequent RAN updates. Thus, the updated RAN based notification area is defined to cover large area and the paging initiation role is transferred to the CN. Consider another example where a UE were moving fast right before transition to RRC Inactive. In this case, it may be beneficial to defined the RAN notification area to cover large area so that to avoid frequent RAN area update. The RAN may also decide to transfer the paging initiator role to the CN. 

Observation 2: There may be benefit for RAN to transfer the paging initiator role to the CN during RRC Connected to RRC Inactive state transition or at RAN area update. 
Proposal 1: The RAN may transfer the paging initiator role to the CN during RRC Connected to RRC Inactive state transition or at RAN area update. 
2.3
UE transparent CN/RAN interaction 

The interaction between RAN-initiated notification and CN-initiated paging are discussed in Sections 2.1 and 2.2 from the network perspective. It is important to hide these inter RAN/CN interactions from the UE, e.g., in order to avoid implementation complexity and UE battery consumption. Therefore, the UE should respond to RAN-initiated notification and CN-initiated paging in the same manner. As long as the UE has a stored AS contex, it proceeds with RRC Inactive to RRC Connected state transition procedure independent of the entity that initiates the UE reachability. The RAN may order the UE to initiate service request procedure if required, which probably is required only rarely, e.g. in faulty situations.

Proposal 2: Whether a UE is reached via a RAN-initiate notification or a CN-initiated paging is transparent to the UE. It is FFS if this requires the use of the same UE identity in both cases and if so whether it is based on a RAN based identifier or a CN based identifier.
3
Conclusions
In this paper we discussed paging in RRC_INACTIVE and came to following proposals:

Observation 1: There is little benefit to transfer the paging initiator role to the CN upon RAN initiated notification failure.
Observation 2: There may be benefit for RAN to transfer the paging initiator role to the CN during RRC Connected to RRC Inactive state transition or at RAN area update. 
Proposal 1: The RAN may transfer the paging initiator role to the CN during RRC Connected to RRC Inactive state transition or RAN area update. 
Proposal 2: Whether a UE is reached via a RAN-initiate notification or a CN-initiated paging is transparent to the UE. It is FFS if this requires the use of the same UE identity in both cases and if so whether it is based on a RAN based identifier or a CN based identifier.
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Text Proposal

10.1.1.2
Paging

The UE in RRC_IDLE and RRC_INACTIVE states may use Discontinuous Reception (DRX) in order to reduce power consumption. While in RRC_IDLE the UE monitors CN-initiated paging, in RRC_INACTIVE the UE is reachable via RAN-initiated paging and CN-initiated paging. RAN and CN paging occasions overlap and same paging mechanism is used. The UE monitors one paging occasion per DRX cycle for the reception of paging as follows:
-
Paging DRX cycle length is configurable;
-
A default DRX cycle for CN paging is configurable via system information;
-
A UE specific DRX cycle for CN paging is configurable via UE dedicated signaling;
-
A RAN node can configure a UE with a DRX cycle for RAN paging. This configuration can be UE specific.
-
The number of paging occasions in a DRX cycle is configurable via system information;
-
A network may distribute UEs to the paging occasions based on UE id when multiple paging occasions are configured in the DRX cycle.

-
Paging occasion can consist of multiple time slots (e.g. subframe or OFDM symbol). The number of time slots in a paging occasion is configurable via system information.
-
A network may transmit a paging using a different set of DL Tx beam(s) or repetitions in each time slot.
-
The same UE identity is used for regardless of reaching for UE via RAN-initiated paging and CN-initiated paging;
NOTE 1:
FFS for the content of paging (e.g. paging message or paging indicator) when paging is transmitted using beam sweeping.

NOTE 2:
Transmission mechanism of paging in each time slot is up to RAN1 decision.

