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1
Introduction

After the RAN#71 meeting, a new WI was agreed [1] main objective of which is to develop a new radio access technology. One of its requirements is to allow a UE to stay in "always connected" mode, which effectively embraces a number of scenarios such as initial establishment of connection and/or transition to a state when a UE can start exchanging data with the network. To accomplish this goal, RAN WG2 has already agreed to introduce a new RRC state hence referred to as RRC_INACTIVE. 
Even though a UE in the RRC_INACTIVE state is perceived by the core network as in the CM-CONNECTED mode, it still performs independent cell reselection procedure as if it were in the RRC_IDLE state. In other words, a UE constantly evaluates quality of the current serving cell and neighbour cells, and if the reselection criterion is met a UE changes its serving cell. While moving from one cell to another, a UE may cross the border of its current RAN notification area, whereupon the UE will need to perform so-called RAN area update procedure. In response, the network may move a UE again back to the RRC_INACTIVE state with new parameters and identifiers valid in the corresponding RAN notification area. In addition to crossing RAN notification area, the UE may also enter a new tracking area.
There were several contributions from different proponents on interaction between the RAN and CN updates procedures [2-4], but RAN WG2 did not discuss this particular aspect. In this discussion paper we present our considerations on how the RAN and CN procedures should be logically modelled and interact with each other.
2
RAN and CN update procedures
2.1
Logical model
As already mentioned in the Introduction part, a UE in the RRC_INACTIVE state performs autonomous and independent cell measurement and reselection procedure as in the RRC_IDLE state. As a result, while moving from one cell to another the UE might enter a new RAN notification area, for which RAN WG2 has already defined the RAN area update procedure. In addition to the RAN area update, there is the CN area update procedure that a UE executes upon entering a new tracking area. Our view is that RAN and CN update procedures should be kept independently because different procedures are activated in different scenarios depending on the actual UE configuration and state. As an example, if a UE is in the RRC_IDLE state then it will perform only the CN area update procedure and no RAN area update is triggered. Last but not least, the RAN update procedure is defined at the AS level and is not even visible to NAS; while the CN update procedure is handled by the NAS level and specified in the CT specifications. 
Proposal 1a:
RAN and CN area update procedures are two logically independent procedures. 
It is also worth noting that to perform CN area update procedure a UE needs to enter the RRC_CONNECTED state to send the TAU message, for which the UE needs to have a valid AS context. In other words, a UE will anyway need to perform resume or RAN update procedure (if it was in RRC_INACTIVE) or the connection setup procedure (if the resume procedure failed for any reason) depending on the current UE AS state. This is another reason why CN and RAN update procedures should be kept independently: the CN area update procedure might trigger different AS level actions and thus it should be not be logically coupled with any particular set of AS level actions and/or procedures. 

Proposal 1b:
The CN area update procedure should not be logically coupled with any of the AS level actions and/or procedures.
2.2
Exemplary interactions of RAN and CN update procedures
With regards to exact interaction between different network elements and exchanges messages, it has been pointed out that if RAN and CN area update procedures are executed independently, it may lead to suboptimal system behavior and/or may lead to unnecessary switching between RRC_INACTIVE and RRC_CONNECTED. Figure 1 below presents the worst case scenario in terms of how suboptimal system behavior could be:
-
Upon entering a new RAN notification area, the AS level may initiate first the RAN area update procedure with the corresponding cause value. Since RAN does not know that the NAS procedure is going to follow, RAN may decide to move the UE back to the RRC_INACTIVE state with new parameters and identifiers.
-
After that the NAS level generates the TAU message and passes it to the lower levels, which triggers another RRC resume procedure. Since RAN knows that a UE intends to send signaling data, it will move the UE to the RRC_CONNECTED state and the UE will send the TAU message.  

-
It should be noted that it might take some time for the CN to receive the TAU message, process it and generate the response. Meanwhile, if RAN uses aggressive inactivity timer values it may decide to move a UE back to RRC_INACTIVE before it receives the TAU response from CN.

-
Once RAN receives the TAU response message from CN, it will need to page the UE; and once the UE transits to the RRC_CONNECTED mode the RAN will send the TAU response. After some period of inactivity, the RAN will move a UE back to RRC_INACTIVE. 

Exemplary interaction of CN and RAN area update procedures presented in Figure 1 result in several important observations:

Observation 1a:
RAN and CN area update procedures can result in sub-optimal system behavior and/or unnecessary UE state transitions.

Observation 1b:
However, nothing is broken in the system and both RAN and CN updates procedures will complete successfully.

Observation 1c: 
It is not a common event when a UE crosses both RAN and CN areas, so any standard related optimizations should be evaluated carefully. If a UE is configured with RRC_IDLE, then only CN area update procedure is triggered by NAS.
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Figure 1: Worst-case scenario of interaction between CN and RAN update procedures.
In case there is a need to optimize overall system functioning, one can consider two relatively straightforward implementation specific optimizations at the UE and the RAN side. Figure 2 also presents an exemplary set of exchanged RRC message and UE state transitions when all the optimizations are applied:
-
UE side. If the UE knows that it resorts for performing both RAN and CN update procedures, it may generate the RRC resume procedure with the MO signalling cause value that will ask RAN to move a UE to the RRC_CONNECTED state. It will eliminate unnecessary transitions to the RRC_INACTIVE state and back to the RRC_CONNECTED state.

-
RAN side. When RAN receives the RRC resume request message with the MO signalling cause, it may consider less aggressive inactivity timer value so that a UE is kept in the RRC_CONNECTED mode until reception of the TAU response message from CN. After that the RAN can move a UE to RRC_INACTIVE, if so preferred by RAN.
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Figure 2: Best-case scenario of interaction between CN and RAN update procedures.
Referring back to Figure 1 and Figure 2, one can see that a number of optimizations could be applied at both the UE side and the RAN side to achieve better system behavior during the RAN and CN update procedures, but these optimizations are purely implementation specific ones. As an example, the RAN side just needs to apply the corresponding inactivity timer value to avoid aggressive transition back to RRC_INACTIVE; but 3GPP is not going to mandate the exact value of this timer. Similarly, the UE behavior can be also optimized which is up to the UE implementation as 3GPP does not specify exact interaction between AS and NAS layers.
Proposal 2:
In case the CN and RAN update procedures are executed at the same time, a number of implementation specific optimization can be applied that do not require any standardization efforts.

3 Conclusion
In this discussion paper we have presented our view on interaction between the RAN and CN area update procedures, how they can be executed and which optimizations can be applied. According to our analysis, these procedures can be kept logically independent and can be even executed independently by the UE. At the same time, both UE and RAN side can apply certain optimization, which however do not require any standard changes.
Proposal 1a:
RAN and CN area update procedures are two logical independent procedures. 

Proposal 1b:
The CN area update procedure should not be logically coupled with any of the AS level actions and/or procedures.
Proposal 2:
In case the CN and RAN update procedures are executed at the same time, a number of implementation specific optimization can be applied that do not require any standardization efforts.
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