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1
Introduction

After the RAN#71 meeting, a new NR SI was agreed followed by the NR WI [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. In response to this design goal, RAN WG2 has studied and captured description of the so-called INACTIVE state in TR 38.804 [3].
As a UE can be not only in the IDLE and CONNECTED state, but also in INACTIVE, several inter-RAT mobility scenarios were considered. In particular, several proponents brought a solution in which a UE in the INACTIVE state would re-select to another RAT without performing the TAU procedure. According to the discussion that took place during RAN#97 meeting, both approaches, with and without TAU procedure, were captured in TR 38.804 [3]. 

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 a so-called Light Connection mode has been considered for Rel-14 the LTE wireless systems, functionality of which is similar to UMTS CELL/URA_PCH and the NR INACTIVE state. However, the basic inter-RAT re-selection principle of which still remained the same also for LTE LightConnection. 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
2.2.1
NR deployment scenarios
Referring to TR 38.801, different deployment options have been identified and captured for the NR system. As shown in Figure 2 below, deployment option 3x assume that the LTE system is a master controlling node, which is connected to EPC. For this deployment scenario, re-selection occurs to the LTE because NR works in a so-called non-standalone mode and thus a UE cannot even camp on NR. It is also worth noting that this deployment scenario with non-standalone operation is the first priority for the NR WI [1].
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Figure 2: Deployment options 3 and 3a.

At the same time, the NR WI aims at standardizing the standalone NR operation in which the NextGen core is not necessarily shared with the LTE base station. The corresponding scenario is referred to as option 2 and is presented in Figure 3 below.
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Figure 3: Deployment option 2.
From the UE perspective, a particular deployment scenario is not known and can be completely transparent to the UE. As an example, a UE camped on a standalone NR as shown in Figure 3 is not aware whether the same NR RAN is a functional part of a potential deployment depicted in Figure 2.  In other words, a UE is typically designed to support a particular RAT or a combination of RATs, not a particular deployment model that might involve those RATs. Thus, once a UE claims supporting e.g. NR as the standalone system, we must ensure that there are sufficient mechanisms provided by the system to re-select to another RAT regardless of how they are inter-connected.

Observation 1: As there will be different 5G/NR deployments scenarios, there must be a basic inter-RAT re-selection mechanism available for all the deployment cases.
2.2.2
Technical comparison of different options
As mentioned earlier by different proponents, a UE in the NR INACTIVE state may end up in a situation of frequent re-selections from NR 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 (TAU procedure is triggered). 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.  

It should be also noted that the benefit of this approach is that a UE immediately announces itself to the network and the latter not only knows where a UE is, but also fetches/establishes the corresponding UE context. As an example, if a UE moves to NR and executes immediately the TAU procedure, the network can instruct the UE to stay in the INACTIVE state, which will facilitate next transmission (if takes place) and can enable features, such as data transmission in INACTIVE.  

2.
New inter-RAT re-selection procedure (no TAU procedure is triggered). In this solution 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 captured in TR 38.804, this solution requires that there a common core between the NR and LTE. Furthermore, it 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. 


The benefit of this approach is that we avoid RRC signalling caused by the TAU procedure. On the other hand, we do anticipate larger connection establishment time, especially for the MT calls, associated with the fact the core network will need more time to locate the UE and to establish the corresponding connection if a UE has already moved to another RAT.
Based on considerations presented above, it is possible to arrive at the preliminary conclusion 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 and more importantly causing larger delays. 
Observation 2: A new re-selection procedure (without the TAU procedure) can potentially reduce RRC signaling load at the expense of compromising other performance metrics.
2.2.3 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. In fact, it is highly anticipated that further LTE evolution and deployments will occupy higher frequency ranges, where the same "problem" might occur.

Observation 3: Limited coverage at high frequencies is not a fundamentally new problem, solutions for which already exist and being used.

Finally, a solution when a UE re-selects to another RAT without any indication to the network assume that the target RAT supports functionality similar to the NR INACTIVE / LTE LightConnection. However, UMTS CELL/URA_PCH states are optional for the network and not all the UMTS networks support them, LTE Light Connection is also optional, and so the NR INACTIVE state could be. In other words, it is not a realistic assumption that we can put a requirement on the network side to support certain features. 
Last but not least, the LTE LightConnection feature has been put on hold, so it is not even clear what kind of functionality we could expect for LTE. Even though RAN#76 made a decision to extend the "LTE connected to 5G CN" WI scope to cover explicitly the INACTIVE state for LTE, it is not at the moment obvious either what kind of functionality we could expect for that feature.
Observation 4a: New inter-RAT re-selection procedure without TAU puts an implicit requirement on the network to support LTE LightConnection / NR INACTIVE.

Observation 4b: As the LTE LightConnection feature has been put on hold and LTE INACTIVE state design is not clear either, we cannot consider inter-RAT re-selection with the AS context without having finalized the corresponding functionality for both LTE and NR .

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.
As elaborated fin the discussion paper, we cannot assume the all the LTE and NR deployments will share the same core, neither can we force the LTE network and UEs to support the Light Connection mode / NR INACTIVE state. As the logical outcome, inter-RAT mobility in the INACTIVE mode may become a limited solution, and RAN WG2 should assess carefully whether we have enough justifications to introduce and standardize this feature.
Proposal: 
Inter-RAT re-selection with the TAU procedure is the baseline re-selection procedure for NR for the IDLE and INACTIVE state.
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