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Discussion and decision
1 Introduction

During the previous RAN2 meetings i.e. RAN2#95, the following agreements have been made. 

Agreement

1
One UE has only one NR RRC state at one time.

2
The connection (both CP and UP) between RAN and Core should be maintained in the “new state”
FFS whether the “new state” can be transparent to Core.

3
For the UE in the “new state”, a RAN initiated notification procedure should be used to reach UE. And the notification related parameters should be configured by RAN itself.
FFS how the notification will be transmitted (e.g. via a beam, broadcast, etc.)

4:. 
For the UE in the “new state”, RAN should be aware whenever the UE moves from one “RAN-based notification area” to another. 

FFS how CN location updates and RAN updates interact, if needed
In this contribution, we discuss the highlighted aspect in the agreements related to RAN initiated notification area and its configuration.
2 Discussion
It was discussed and agreed during RAN2#94 that the new RAN controlled state should potentially have a characteristic of low delay to start data transfer from inactive mode. In order to achieve this characteristic, it was considered that during the inactive mode, the connection (NG interface) between the NR RAN and NG-Core could be maintained to reduce signalling and corresponding setup delay. Given this, and the fact that the UE might move out of its initial serving ‘cell’, with which the connection was maintained, a mechanism to notify the UEs becomes necessary whenever there is downlink data buffered at the NR RAN for the UE in inactive mode. 

Further details of the new inactive mode of operation in comparison to other UE states or modes of operation have been discussed in [1].
2.1 RAN-initiated notification
RAN-initiated notification indicates contacting UEs in inactive mode whenever there is downlink data available for them at the NR RAN ‘anchor cell’. ‘Anchor cell’ refers to the RAN at which the connection between NR RAN and NG Core is maintained for the UE. However, the UE might have moved while being in inactive mode, and therefore, a notification area within which the UE can move and be notified upon receiving downlink data needs to be defined. In legacy networks, there are only two variations of network visibility of the UE and they are fixed. When the UE is in idle mode, it is known to the network at Tracking-area level which can be huge and in connected mode, it is known at the eNB/cell level. In general, the TA encompasses several cells and during downlink reachability, excessive signalling may be necessary as part of CN originated paging to reach the UE in idle mode as the UE potentially needs to be paged in all of the TA. However, in NR, depending on network preference, the RAN based notification area should be completely configurable. To ensure such configurability, it should be possible to define UE-specific notification area to be a single ‘cell’ or a group of ‘cells’ of same or different gNBs configured based on UE’s mobility pattern. At the same time, in some networks, it may be preferred to maintain the CN based tracking area concept at the RAN level and make provisions for RAN to utilize the same procedure accordingly. It should be possible to allow that configurability as well, even as it is not clear about the tight interworking between NR RAN and LTE eNB. 
Proposal 1. Configuration of RAN-initiated notification area is up to network implementation.
Proposal 2. RAN based notification area is UE-specific and configurable based on UE characteristics e.g. mobility and traffic pattern.

It has been agreed in SA2 [2] that the idle mode and corresponding tracking at CN location area level exists in NR. Therefore, a given CN location area similar to tracking area as defined in LTE is assumed. This area, identified by a corresponding code, which typically consists of a number of ‘cells’ belonging to same or different gNBs will also be defined for NR. The serving ‘cell’ of the UE typically broadcasts this location area code (16 bits) where it belongs to and its ‘cell’ identity (28 bits) in SIB1. The idle mode UE performs the CN location Update procedure based on this information by comparing the broadcast CN location code to the list that it received earlier from the network (e.g. during attach).   

Proposal 3. There will be NG Core/CN Location Area code (similar to Tracking Area code) broadcast in system information of NR Cells.
Observation 1.  It is assumed that the UE will perform CN location area update procedure in idle mode when it crosses the CN location area boundary, similar to TAU in LTE. Furthermore, as discussed in [3], CN location area update procedure is considered as baseline for RAN level tracking. 

 Proposal 4. There will be a unique global Cell ID broadcast in system information of NR Cells.
Choosing an optimal notification area is a trade-off between the number of notification messages and the number of notification area update messages transmitted by the UE; and the size of the notification area needs to be directly proportional to UE’s mobility speed to be able to reduce notification latency. If a completely dynamic and configurable notification area is preferred, a list of ‘cell’ IDs could be considered as a notification area. The UE in inactive mode of operation can move within the notification area without incurring any signalling. An agreed UE ID would be valid, unique and recognized at least within this area. 
Proposal 5. RAN based notification area could be defined as a single ‘cell’ or a group of ‘cells’ configured explicitly via dedicated signalling.

In some networks where there is no issue with Xx (Xn or X2) connectivity between RAN nodes, it might be preferable to configure the entire CN location area as the RAN notification area. In this way, there is less configuration and maintenance overhead. 
Observation 2.  RAN based notification area could be assumed to be the same as CN location area if inactive mode is supported and no explicit configuration is provided. 
Whenever there is downlink data for the UE, it would arrive at the last serving ‘cell’ of the UE where the RAN-CN connection is kept. In order to reach the UE to deliver the data, RAN initiated notification procedure should be used as already agreed. The parameters for such a RAN notification mechanism (e.g. at what instances the UE has to wake up for notification) should be configured by the RAN itself and could be configured to map dynamically to UE’s delay requirements using RAN configured DRX. To implement the RAN initiated notification procedure within the notification area, an Xn based message exchange is necessary and RAN3 should be consulted to proceed accordingly.

Observation 3.  RAN3 would be responsible for defining the intra-RAN signalling to distribute notification messages for contacting UEs in the new RAN state. 

3 Conclusion

In this contribution we have discussed the RAN initiated notification and notification area and have the following observations and proposals:
Proposal 1. Configuration of RAN-initiated notification area is up to network implementation.
Proposal 2. RAN based notification area is UE-specific and configurable based on UE characteristics e.g. mobility and traffic pattern.

Proposal 3. There will be NG Core/CN Location Area code (similar to Tracking Area code) broadcast in system information of NR Cells.

Observation 1.  It is assumed that the UE will perform CN location area update procedure in idle mode when it crosses the CN location area boundary, similar to TAU in LTE. Furthermore, as discussed in [3], CN location area update procedure is considered as baseline for RAN level tracking. 

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

Proposal 5. RAN based notification area could be defined as a single ‘cell’ or a group of ‘cells’ configured explicitly via dedicated signalling.

Observation 2.  RAN based notification area could be assumed to be the same as CN location area if inactive mode is supported and no explicit configuration is provided. 

Observation 3.  RAN3 would be responsible for defining the intra-RAN signalling to distribute notification messages for contacting UEs in the new RAN state. 
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