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1
Introduction

After the RAN#71 meeting, a new SI was agreed [1], with the main objective of developing a new radio access technology. As also captured in [2], one of the design goals of a new radio access technology 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. After the RAN2#94 meeting, RAN WG2 made an agreement to introduce a new "RAN controlled" state that is characterized by at least "UEs in RAN controlled state should incur minimum signalling, minimise power consumption, minimise resource costs in the RAN/CN making it possible to maximise the number of UEs utilising (and benefiting from) this state". 
During the RAN2#96 meeting, several inter-RAT mobility scenarios were considered based on which RAN WG2 made several agreements. In particular, it was agreed that a UE in the NR IDLE state can re-select to another RAT, entering the IDLE state of the target RAT. In addition, RAN2 has discussed and agreed that as a baseline solution a UE should be able to re-select from the NR INACTIVE state to the IDLE state in another RAT. 

It is worth noting that several proponents have mentioned an approach according to which a UE in the INACTIVE state could perform inter-RAT mobility without entering the IDLE state in the target RAT [3,4]. In this discussion paper we elaborate on those solutions pointing out related advantages and challenges. 
2
Inter-RAT mobility 
2.1 Background information on legacy RAT systems
With regards to the legacy RAT systems, such as UMTS and LTE, the inter-RAT mobility is accomplished by means of two basic mechanisms: handover and re-selection. While the handover process is fully controlled by the network and is applicable to the "connected" RRC state (e.g. LTE CONNECTED and UMTS CELL_DCH), the re-selection procedure can be performed by the UE in the IDLE state (in case of UMTS, the UE autonomous inter-RAT re-selection is also applicable to CELL/URA_PCH). However, regardless of a particular UE RRC state, when a UE re-selects autonomously to the target RAT, it always enters first the IDLE state, after which the TAU procedure is initiated. This approach is also reflected in Figure 1 below taken from TS 36.331.
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Figure 1: E-UTRA states and inter RAT mobility procedures (TS 36.331, sub-clause 4.2.1).
It is worth noting that starting from Rel-14 the LTE wireless systems has a so-called Light Connection mode that is similar to UMTS CELL/URA_PCH, nevertheless the basic inter-RAT re-selection principle of which still remained the same. In other words, upon moving to e.g. UMTS, a UE in the LTE Light Connection mode enters the IDLE state in UMTS; and vice versa, a UE in the UMTS CELL/URA_PCH state enters the LTE IDLE mode, even though the latter may support Light Connection.
2.2 Next Radio
As mentioned in [3,4], a UE in the NR INACTIVE state may end up in a situation of frequent re-selections to another RAT due to scarce coverage and/or coverage holes. The downside of re-selection to another RAT (and coming back to NR if re-selection rules instruct so), is that the NAS level TAU procedure is triggered, which might have a negative impact on the network signalling load. In response to this potential problem, several proponents have been exploring a solution, according to which a UE would take a different set of actions.
In the subsequent paragraphs we provide more technical details on potential solution with related considerations on pros and cons.
1.
Legacy inter-RAT re-selection. For the sake of completeness, here we mention briefly some basic principles of the legacy solutions for the inter-RAT re-selection. Once a UE makes a decision to re-select to another RAT, e.g. from NR to LTE, it enters the IDLE state in the target system. However, the NAS level triggers the TAU procedure, which in turn forces a UE to establish the RRC connection to transmit and exchange the corresponding NAS messages. Once this procedure is finished, it is up to the network to assign the next RRC state to the UE.

The aforementioned solution is a simple, robust and is being used across a number of RATs not requiring tight inter-working between them. However, the downside of this approach is that it may impose additional control signalling caused by constant and frequent re-selections from one RAT to another.   

2.
Leveraging RRC resume framework (TAU procedure is triggered). One potential way to optimize UE autonomous re-selection between RATs is to assume that the core network will keep the UE context and will be capable of moving it from one RAT to another. Logically, while re-selecting to another RAT, e.g. from NR to LTE, a UE would enter the LTE Light Connection mode, after which it would rely upon the RRC resume procedure instead of the RRC connection setup. The TAU procedure will be anyway initiated to let the core network know where the UE is.
When compared to the legacy solution, this approach does not necessarily have noticeable gains in terms of signalling and/or reduced complexity of the system. Firstly, upon resuming the connection a UE will anyway need to exchange RRC messages, number of which is exactly the same as in case of the RRC connection setup. Since the target RAT does not know anything about incoming UE, all the internal interfaces, tunnels, radio bearers will have to be established causing same delays. The only potential saving can be achieved by re-using common context information, e.g. security. On the other hand, it can be the case that it would take less time to make decisions locally in the target RAT when compared to delays caused by fetching the corresponding information from the source RAT. 
3.
Leveraging RRC resume framework (no TAU procedure is triggered). This solution is similar to the one described above, but there is no TAU procedure upon entering a new RAT. Instead, a UE will initiate the resume procedure only when it is paged or when it has UL data.

As noted in [3,4], this solution will implicitly require that the core network is prepared for a situation when a UE silently "vanishes" from the serving RAT, and more importantly is aware where that UE can be found in case of the MT call. Last but not least, accounting for how tight coordination is expected between the source and the target RAT, this solution may end up being feasible only when NR and LTE base stations share the same core (which is aware of each base station configuration, paging areas, etc) and/or they share the same physical node.
Based on considerations presented above, it is possible to arrive at the preliminary conclusion that the only way to avoid unnecessary control signalling is to omit the TAU procedure in the target RAT. If the TAU procedure is present, then it does not matter whether a UE performs the RRC connection setup or the RRC connection resume procedure, as the network will anyway have to setup the corresponding context information and establish tunnels between network entities. If the TAU procedure is omitted, then the UE does not update its location to the core network, which in turn will have to page not only last known RAT, but also cells in the RAT where a UE can potentially be, causing unnecessary paging load. So, there is a trade-off between control signalling load, caused by TAU messages, and paging load caused by the fact that the network does not know where a UE is.
2.3 Other considerations

As a general remark, inter-RAT optimizations for the NR INACTIVE state and related use cases are based on several big assumptions: a) there is a scarce NR deployment; b) the network keeps a UE at the NR layer in the INACTIVE or IDLE state; and c) inter-RAT re-selection rules force a UE to choose the NR layer. In other words, despite the fact that NR does not offer the full coverage, the network still pushes a UE to the NR frequency layer. This situation is not fundamentally different even to LTE deployments, high frequency coverage of which may have some holes. So, if an operator knows that NR deployment does not ensure a thorough coverage, or is very limited, then a UE should not be constantly pushed to the NR layer, especially in the IDLE or INACTIVE state in which no user plane data is exchanged.    
3 Conclusion
In this discussion paper we have outlined our general technical understanding for the inter-RAT mobility in the INACTIVE state. Even though it is in principle possible to implement and deploy the system in such a way that a UE does not generate TAU procedure upon moving from one RAT to another, this solution does not come for free and most likely would assume that LTE and NR base stations are connected to the same core, which can ensure coherent configuration and management of the UE. Furthermore, an attempt to save some core network control signaling from the TAU procedure can be mitigated by increased paging load, because the core network does not know how to reach the UE.

Proposal: The baseline solution is that a UE in the NR INACTIVE state re-selects to another RAT IDLE state (and performs TAU procedure). 
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