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1
Introduction
There has been a good progress defining the characteristics of RRC Inactive [1]. In this contribution, we discuss possible procedures that are required in RRC Inactive. 
2
Procedures in RRC Inactive
2.1
RAN tracking area update procedure
A RAN Tracking Area (RTA) update procedure is required for several purposes. In RAN2 meeting 95, 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.” This implies a TRA update procedure is required to make the RAN aware of area change when a UE moves out of its “RAN-based notification” area. The RTA update procedure may also be needed to track finer granularity of UE location without changing the anchor gNB, i.e. the gNB that stores UE context, of a UE. For example, the UE may update its cell level location to anchor gNB during cell reselection using RTA update procedure. Besides to event triggered RTA update procedure, a periodic RTA update procedure may also be required.

Figure 1 shows an RTA update procedure, which is similar to LTE’s location update procedure except the update is terminated at the anchor gNB and the messages in the procedure are integrity protected using AS security context. The UE sends a RTA Update Request message that may include the old RTA ID list, UE ID, anchor gNB ID and trigger cause. The message is integrity protected using the AS security context that is stored in the UE. If the gNB that received the message is not the anchor gNB, it forwards the message to the anchor gNB. The anchor gNB may keep its anchor gNB role or initiate anchor gNB relocation. For example, if the cause for the location update is due to the UE moving out of its RTA, the anchor gNB initiates anchor gNB relocation which may involve transferring of UE context to the new gNB and optionally a RAN/CN interface relocation maybe needed depending on the RAN/CN interface design. The RTA Update Response message may include an updated RTA ID list, and updated security and configuration information if any. The UE may then reply with RTA Update Complete message which may be required to confirm any security update.
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Figure 1: RTA update procedure
2.2
Notification procedure
The UE in RRC Inactive is located using notification procedure as UE mobility in RRC Inactive is agreed to be UE autonomous [1]. Accordingly, several contributions have discussed paging or notification schemes for RRC Inactive, see e.g. [2] for hybrid RAN/CN notification and paging scheme. We skip the detailed discussion of notification procedure as it has already been discussed in other contributions. 

2.3
RRC Inactive to RRC connected state transition procedure

The state transition procedure from RRC Inactive to RRC Connected is one of the crucial procedures of RRC Inactive. The signalling overhead from state transition procedure should be as minimum as possible, where it is already agreed that “UEs in RAN controlled state should incur minimum signalling” [3]. One approach to minimize the overall state transition signalling overhead is by minimizing the number of explicit RRC messages exchanged during state transition. The less the number of explicit RRC signalling required during the state transition, the lower the signalling overhead incurred. Thus, it would be beneficial if sending explicit RRC messages could be avoided at all during the state transition procedure. For example, the state transition procedure can be initiated using a MAC level signalling and any RRC message such as shortMAC-I is multiplexed with the MAC message. Another complimentary approach to minimize the signalling overhead due to state transition is to store and reuse as many UE context information as possible. For example, the DRB configuration can be kept during RRC Inactive so that there will be no need to re-establish the DRBs during state transition, especially if the transition occurs in the anchor gNB. This way, the state transition procedure can be made as light as possible.
Figure 2 shows a state transition procedure that does not require explicit RRC signalling. When a UE receives data from the application layer, it can encrypt the data using the stored AS security context. However, the UE needs to get resources from the network to send the data. Thus, after getting synchronised using RACH procedure, the UE asks for resources from the network. This could be done using a MAC level signalling. However, the network needs to authenticate the UE before granting any resource. For this reason, the shortMAC-I needs to be multiplexed with the resource request message. Depending on the size of the resource request message, it may also include encrypted data, Buffer Status Report (BSR), etc. After authenticating the UE, the network responses to the resource request message with a message that may include resource grant if BSR has been received, confirmation to the shortMAC-I, UL data acknowledgement if data was received, RRC configurations such as measurement configuration, lower layer configuration, etc. The UE may reply with RRC Reconfiguration complete if any RRC Reconfiguration message is received multiplexed with the resource grant message. Afterwards, the normal UL/DL data transmission continues if the UE still has data in its buffer.
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Figure 2: RRC Inactive to RRC Connected state transition procedure. The transition occurs in the anchor gNB.
2.4
RRC Connected to RRC Inactive state transition procedure

The state transition procedure from RRC Connected to RRC Inactive is required so that the UE can be sent to a low activity state. The transition can be achieved, for example, using legacy RRC Release procedure but with UE context kept in the UE and the network. As NR is expected to support large number of use cases with diverge and sometimes contradictory requirements, the RRC Release message needs to include service tailored configurations. These configurations tune UE behaviour during RRC Inactive and its transition back to RRC Connected such that the service requirements of the UE are fulfilled, e.g. in terms of battery life and system access latency.
Figure 3 shows an RRC Connected to RRC Inactive state transition procedure. If inactivity is detected for a predetermined value, the network initiates the RRC Release procedure. The RRC Release message includes list of RAN Tracking Area (RTA) ID list, service tailored configuration, etc. The UE to the RRC Release message and enters the RRC Inactive state where the UE and the network stores part of the UE context, e.g. AS security context, DRB configuration, etc.
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Figure 3: Figure 3: RRC Connected to RRC Inactive state transition procedure
2.5
Context fetching procedure

Context fetching procedure is required if the state transition from RRC Inactive to RRC Connected occurs in a gNB that does not have UE context. The procedure is used to transfer UE context from the anchor gNB to the new gNB. According to the agreement [1, A4 RRC] that “Network knows the UE's location within an area and UE performs mobility within that area without notifying the network.”, there is a chance that the state transition occurs in a gNB other than the anchor gNB. In principle, it is possible to proactively prepare UE context in all gNBs in the RTA of a UE. However, this approach is costly and infeasible when the RTA gets larger. Thus, it can be concluded that context fetching procedure is required in RRC Inactive.

Figure 4 shows a context fetching procedure where it is assumed that the state transition from RRC Inactive to RRC Connected occurs in a gNB that does not have the UE context. The new gNB initiates context fetching procedure towards the anchor gNB. The anchor gNB responds to the Context Fetching Request message with a Context Fetching Response message that contains the UE context, e.g. intermediate key that will be used to generate integrity protection and cyphering keys.
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Figure 4: Context fetching procedure 
3
Conclusion
In this contribution, we have discussed the procedures that are required in RRC Inactive. The list of procedures are not meant to be exhaustive. Based on the discussions, we have the following proposal:
Proposal 1: At least the following procedures are supported in RRC Inactive

· Both periodic and event triggered RTA procedure

· Paging procedure

· RRC Inactive to RRC Connected state transition procedure that may be achieved without explicit RRC signalling
· RRC Connected to RRC Inactive state transition procedure

· Context fetching procedure
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