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1
Introduction

After the RAN#75 meeting, a new SI for Integrated Access Backhaul (IAB) was agreed [1] main objective of which is to study relaying technologies for NR. Since the NR radio access technology exploits availability of higher frequencies spectrum, more NR base station will be needed to achieve the same coverage as with low frequencies. Thus, relay networks will help operators to deploy and connect more base stations in a simple and the cost efficient way. As the IAB SI TR 38.874 was finalized [2], a new IAB WI was agreed [3] to introduce the corresponding functionality into the RAN specifications. 
As discussed during the SI phase, the IAB can be logically construed as the entity comprising the UE/MT and the DU part: while the UE part is logically responsible for the node start-up, initialization, initial authentication, etc., the DU part provides the base station functionality to serve associated UEs. As a consequence, both MT and DU part can be in different logical states due to explicit reconfiguration commands coming from RAN and/or due to various unhandled error cases.
In this discussion paper we present our view on the overall IAB node RRC state machines covering various aspects, such as MT part RRC state transitions in conjunction with the DU part states. 
2
IAB node RRC states
As the background information, Figure 1 below presents the NR RRC state machine as captured in TS 38.331. As can be seen from the figure, a UE is initially in the RRC_IDLE state, from which it moves to RRC_CONNECTED upon getting connected to RAN. In turn, RAN can decide to move a UE back RRC_IDLE or move to RRC_INACTIVE if there is no user plane data. 
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Figure 1: NR RRC state machine.
Since it is anticipated that an IAB node will act as an UE upon its initial start-up and initialization phase (see [4] for a detailed overview of the IAB node set-up), it is possible to assume that the MT part can support and follow the existing NR RRC state model. In particular, the IAB node MT part will move from RRC_IDLE to RRC_CONNECTED, in which RAN will establish the F1 connection followed by activation of the associated cells of the DU part. It is worth emphasizing that when the MT part moves to the RRC_CONNECTED state, it does not mean that the IAB DU part can be activated immediately because first the F1 connection should be established. From that perspective, one can construe the MT RRC_CONNECTED state as comprising further sub-states depending on whether F1 context exists or not (hence referred to as DU_IDLE and DU_CONF in Figure 2). It is also worth noting that even when the F1 connection is established, it still does not mean that the IAB node will start to serve UEs because the corresponding cells have to be activated by CU. In other words, only when the CU activates the DU cells, the IAB node will switch into the full functional IAB operation (logically referred to as DU_ACTIVE in Figure 2). 

Similarly, the CU may decide to de-activate DU cells, after which the node will switch back into the legacy MT RRC_CONNECTED state. It bears noting that de-activating DU cells does not mean that the F1 context will be terminated, so both the UE and CU can keep it, so that CU can activate cells later without re-establishing the whole F1 connection.  

Proposal 1a:
When the IAB node MT part is in RRC_CONNECTED, RAN can activate/deactivate cells of the DU part (effectively switching the node between the MT-only and full IAB mode).

Proposal 1b:
De-activation of DU cells does not mean that F1 connection is terminated, i.e. the F1 context can be kept in the MT RRC_CONNECTED mode.
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Figure 2: IAB node RRC state machine.

It is worth noting that the NR RRC state machine has RRC_INACTIVE state, support of which is "mandatory with capability" for NR UEs. So, it should be discussed later whether it shall remain "mandatory with capability" for the IAB nodes or whether it shall be fully "optional". Practically speaking, the IAB node will be in the RRC_CONNECTED state most of its time serving associated UEs, so it is somewhat questionable whether RRC_INACTIVE state will be of much use. Yet on the other hand, when relays are deployed for the capacity reasons rather than coverage, then CU can consider activation/deactivation of certain IAB nodes depending on the overall network load. In this case, it could be beneficial if the IAB node can be moved to the RRC_INACTIVE state preserving the F1 context.
Proposal 2a:
RAN WG2 is asked to decide whether RRC_INACTIVE should be optional or mandatory for the IAB node MT part.

Proposal 2b:
RAN WG2 is asked to decide whether F1 context can be preserved when the IAB node MT part is in RRC_ INACTIVE state. 

It should be also noted that the IAB node working in the full functional relay mode serving associated UEs may face unpredictable error cases and scenarios, similar to the ones that can also occur for the legacy UE. In this case it should be possible for the IAB node to transit to the RRC_IDLE state, whereupon both MT and DU part will enter the idle state.

Proposal 3:
Due to unhandled error cases, the IAB node with activated cells of the DU part can transit into RRC_IDLE, whereupon both MT and DU part will enter the idle state.
3 Conclusion
In this discussion paper we have presented our considerations on the overall RRC state machine for the node supporting IAB functionality. Our general technical understanding is that we can follow the existing NR RRC state machine because the IAB node will anyway start its operation as a normal UE. However, due to the fact that the IAB node will have to establish the F1 connection and the corresponding DU cells have to be explicitly activated by the CU for the IAB node to enter the full functional relay mode, some additional sub-states could be considered to ease logical modelling.
Proposal 1a:
When the IAB node MT part is in RRC_CONNECTED, RAN can activate/deactivate cells of the DU part (effectively switching the node between the MT-only and full IAB mode).

Proposal 1b:
De-activation of DU cells does not mean that F1 connection is terminated, i.e. the F1 context can be kept in the MT RRC_CONNECTED mode.
Proposal 2a:
RAN WG2 is asked to decide whether RRC_INACTIVE should be optional or mandatory for the IAB node MT part.

Proposal 2b:
RAN WG2 is asked to decide whether F1 context can be preserved when the IAB node MT part is in RRC_ INACTIVE state. 

Proposal 3:
Due to unhandled error cases, the IAB node with activated cells of the DU part can transit into RRC_IDLE, whereupon both MT and DU part will enter the idle state.
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