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Introduction
RAN2#95 made the following agreements on the new state:
	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 document, we discuss how to design RAN initiated notification for the new state. Note that the proposals below are applied to notifications in the new state. However, those proposals would be also applicable for paging in RRC_IDLE.
Discussion
RAN2 agreed that NR RAN should be aware whenever the UE moves from one “RAN-based notification area” to another. From the RAN2 agreements, we assume that gNB manages location of UE per RAN-based notification area. Thus, when downlink data becomes available for the UE, gNB should send the RAN initiated notification at one or more cells belonging to the RAN-based notification area in order to page a UE. 
Proposal 1: gNB sends the RAN initiated notification at one or more cells belonging to the RAN-based notification area in order to page a UE.

In LTE, UE in RRC_IDLE periodically monitors a paging occasion to receive a paging message, if available. The concept of periodic paging occasion with paging DRX cycle is used to make sure that a corresponding UE receives potential transmission of paging message from the network while performing paging DRX for saving UE battery. We think that the concept of paging occasion should be also used for UEs monitoring notifications in the new states as well as for UEs monitoring paging in RRC_IDLE.
Proposal 2: The concept of periodic paging occasion with paging DRX cycle is used for UEs monitoring notifications in the new states as well as for UEs monitoring paging in RRC_IDLE.

Since gNB manages location of UE per RAN-based notification area when the UE is in the new state, all cells except one cell in the same RAN-based notification area will perform unnecessary transmissions of notification messages. This problem was addressed when 3GPP WGs discussed paging optimization for LTE standardization. Moreover, such unnecessary transmissions of notification messages would consume resources and energy in the network side. Accordingly, we think that RAN-based notification should be designed with consideration of those problems. 
Observation: Unnecessary transmissions of notification messages over multiple cells of the RAN-based notification area need to be avoided.

One of the basic design of paging message delivery is that paging messages are broadcast in accordance with paging occasions. However, such design seems not so suitable with cells in high frequencies with beam-forming. The following proposals could be considered as candidate alternatives for paging/notification design in high frequencies.
· Alternative 1: On-demand notification delivery

· Alternative 2: Periodic uplink transmission for notification reception

· Alternative 3: Inter-carrier notification reception

Alternative 1: On-demand paging/notification delivery
Like on-demand SI delivery, gNB sends a notification message only if UE requests delivery of the notification message. UE knows whether there is a notification message to be delivered by receiving the notification indication in UE’s notification occasion. Only if the notification indication exists in the corresponding notification occasion, UE requests delivery of the corresponding notification message as shown in figure 1.
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Figure 1: On-demand paging/notification delivery
In the beam-forming system, notification indication is transmitted with beam sweeping in a paging occasion. If a corresponding notification indication exists in a paging occasion, UE selects a beam(s) and performs random access to request delivery of the notification message. The notification message can be transmitted towards the UE in a unicast manner or towards more than one UE in a broadcast manner. 

The benefit of this alternative is commonality with on-demand SI delivery. If on-demand SI delivery is used, random access for request of notification message delivery and actual notification message transmission can be designed similarly with on-demand SI delivery. Reading notification indication seems not undermined in the beam-forming system because UE would periodically measure downlink beam signals.
Note that false alarm on the notification indication might occur if distribution of UEs over paging/notification cycle is not sufficient. The false alarm rate will depend on the number of UEs in the new state and configuration of notification parameters e.g. DRX cycle length. Since New RAT can estimate the number of UEs in the new state, the false alarm rate is actually controllable by proper configuration of notification parameters.
Alternative 2: Periodic uplink transmission for notification reception
In this alternative, UE periodically wakes up and performs random access. During random access, UE informs gNB about UE identity. If notification message is available for the UE, gNB sends the notification message in response to the random access.
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Figure 2: Periodic uplink transmission for notification reception
UE may not periodically monitor paging occasion in this alternative. Instead, UE periodically performs random access with UE identity. The UE identity transmitted in random access would need to be uniquely identical in RAN-based notification area in the new state (or tracking area for RRC_IDLE). Thus, the message size of this random access seems similar to LTE message 3.
In the beam-forming system, UE would need to perform swept beam transmissions towards all directions in random access. If UE wants to avoid swept beam transmissions towards all directions in random access, UE would need to monitor downlink beam signals to select a beam(s) for random access. However, in this case this alternative becomes worse than alternative 1, because UE in alternative 2 should periodically monitor downlink beams before random access and also periodically transmits in uplink.
Alternative 3: Inter-carrier notification reception

A cell in low frequency could broadcast paging messages for one or more cells in high frequencies with beam forming. Since UE lives on a cell in a high frequency, gNB should inform UEs about a cell in low frequency for monitoring paging messages e.g. Cell ID and downlink frequency for each PLMN. If high UE capability is not supported, UE may switch between two inter-frequency cells in accordance with paging occasions. Thus, those cells would need coordination in downlink transmissions to avoid missing downlink transmissions.
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Figure 3: Inter-carrier notification
The benefit of this alternative in the UE side is that UE does not need to implement reception of beam-formed paging transmissions. However, it is unclear how coverage areas of two cells in different frequencies can be well overlapped.
Conclusion

In conclusion, we provide three alternatives as candidates for paging/notification from a cell in high frequencies with beam-forming system. We propose to study three alternatives for notification transmission/reception in the new state as well as paging transmission/reception in RRC_IDLE.

· Alternative 1: On-demand notification delivery

· Alternative 2: Periodic uplink transmission for notification reception

· Alternative 3: Inter-carrier notification reception
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