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1. [bookmark: OLE_LINK2][bookmark: OLE_LINK1]Introduction
The NTN study item has the objective at evaluating potential solutions to support NTN. One of the key items identified is the impact of the large propagation delay on control plane. In RAN2#103bis, it has been agreed to study the following key aspects for CP:  
Impacts to study for CP
1. Mobility 
2. TA management and update 
This document discusses the impact of RRC Connection Control and proposes first assumptions for RRC State Management. 
2. Discussion 
It is common understanding in RAN2 discussions on NTN that the long delay has impact on the RRC procedures. Before looking at the various RRC control loops, timers and parameters, it is beneficial to discuss the RRC state model and the RRC state handling considering the NTN key scenarios and use cases. 
2.1 NR Connection Control 
While the basic connection setup procedure is essential to connect to NTN, the RRC connection management (i.e. the state at which the UE should be kept and the impact of state transitions) should be discussed. 
Transition from RRC IDLE State 
Looking at the state transitions from RRC_IDLE to RRC_CONNECTED in Figure 1, it is clear that the procedure with 9 over the air RRC messages, partly of significant size, will cause multiple seconds of delay because of the large RTD in NTN which can be as high as 541.14ms for GEO satellite systems.  


[bookmark: _Ref1028662]Figure 1: UE triggered transition from RRC_IDLE to RRC_CONNECTED [1]
Transition from RRC INACTIVE State 
In NR Rel.15 the new lightweight RRC state of RRC Inactive was introduced. Figure 2 illustrates the UE triggered transition from RRC_INACTIVE to RRC_CONNECTED. Considering the large reduction of messages (3 messages instead of 9) and the respective impact on delay in NTN it seems obvious that the RRC_INACTIVE state should be preferred over the RRC_IDLE state. 


[bookmark: _Ref1030191]Figure 2: UE triggered transition from RRC_INACTIVE to RRC_CONNECTED  [1]
Proposal 1: 	Regular state transitions from RRC_IDLE to RRC_CONNTECTED should be avoided for NTN. 
If possible, UEs should preferably be kept on RRC_CONNECTED or RRC_INACTIVE. This motivates to review the events that can trigger a transition to RRC_IDLE. 
2.2 RRC State Management
Of course, the use of RRC_IDLE state is closely related to the assumptions for user traffic and user mobility.  We see three triggers for an RRC Connection Release: 
1. There is no traffic for a long time. 
Based on the email discussion on performance requirements [3], it seems that there is a preference to down prioritize mMTC use cases in favor of eMBB use cases (pedestrian UE, vehicular relay and stationary relay). In such a case the traffic assumptions can be simplified. Either the NTN UE is active with regular data transmission or it is not having ongoing data transmission for quite some time. Particularly for the relay UE case the NTN UE may have a more continuous data transmission. 
Observation: 	For eMBB use cases, traffic-triggered state transitions to RRC_IDLE should be infrequent. 
2. There is high UE or eNB mobility. 
One of the key issues, while UEs cannot be kept in RRC_CONNECTED continuously is the user mobility causing excessive handover measurements and handover signaling according to Figure 3. 


[bookmark: _Ref1032587]Figure 3: Inter-gNB handover procedures
In this respect, the large cell sizes are an advantage of NTN. In such cases handover measurements for stationary GEO satellites might be an infrequent event unless the UE is moving itself with high speed e.g. vehicular relay UE at a high-speed train moving up to 500 km/h or even an airplane with up to 1.000 km/h [3]. On the other side, we anyway expect a vehicular relay UE to transmit continuously and thus to remain in RRC_CONNECTED. 
Observation: 	For GEO use case, mobility-triggered state transitions to RRC_IDLE should be infrequent.
In NTN we have the additional requirement that even the gNBs might be moving with high speed in the non-GEO use cases. At the RAN plenary #82 some prioritization of NTN scenarios took place where LEO satellites with earth fixed beams were deprioritized in favor of LEO satellites with earth moving beams [2]. For this use case once again two options were discussed. In one case NTN satellite beams are differentiated by PCIs, while in the second case beams are differentiated by SSBs. The mobility procedure might thus either be an inter-cell handover between individual cells or a beam switching procedure by lower layer. 
While the mobility procedures are still discussed, it is probably common understanding that mobility of earth moving beams is very critical. UEs should be moved to RRC_INACTIVE or RRC_IDLE quite quickly compared to GEO scenarios, if there is no ongoing traffic. For pedestrian UEs we can thus assume transitions to RRC_INACTIVE or RRC_IDLE, while ongoing traffic can be assumed for NTN relay UEs where UEs keep RRC_CONNECTED and execute regular handover procedures.  
Observation: 	For LEO use case, mobility-triggered state transitions to RRC_INACTIVE or RRC_IDLE could be more frequent at least for pedestrian eMBB UEs.  
While the use of RRC_INACTIVE should be preferred in general, the decision to move to RRC_INACTIVE or to RRC_IDLE is not obvious. This will depend on the size of the Radio Notification Area (RNA), because it will define the periodicity of the required RNA update procedures. Considering the fast speed of the gNBs at low earth orbit (LEO), it is obvious that many gNBs may fly over a UE within a short time. RAN2 should estimate the paging capacity for different scenarios to estimate the size of the RNA and thus to derive the periodicity of RNA updates. 
Observation: 	Whether a UE can be moved to RRC_INACTIVE or must be moved to RRC_IDLE may depend on the size of the Radio Notification Area that is restricted by the available paging capacity. 
3. The maximum number of UEs is reached. 
The reason to move a UE to RRC_IDLE could also be a hardware limitation. For instance, a gNB hardware might only support a certain number of RRC connections. Such limitation might indeed exist for an on board gNB that contains all gNB functionalities. Nevertheless, in practice transparent payload or a regenerative payload [4] with control plane functions on the ground may prevail. In such cases cloud RAN implementations are likely to be used with a scalable processing and buffer capabilities. It might be left to implementation to overcome such limitations, if existing.  
Observation: 	State transitions triggered by gNB hardware restrictions might be disregarded for the time being and/or might be resolved by proprietary implementations. 
After a review of the NTN scenarios and use cases and its impact on RRC state handling, it can be concluded that all RRC states are required to be supported. 
Proposal 2: 	NTN has to support all three RRC states (RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED). 
Furthermore, it can be concluded that the most critical scenario for RRC state handling is the LEO use case with high gNB mobility and earth moving beams. While the most critical case of mobility in RRC_CONNECTED are the vehicular relay UEs (gNB and UEs are moving fast), the most critical case for state handling are probably pedestrian UEs where only the gNB moves with high mobility. 
Proposal 3: 	RAN2 should study RRC State Management procedure for the most critical scenario of high gNB mobility in the LEO case with earth moving beams. 
We also concluded that the RRC_IDLE state should be avoided as much as possible. Nevertheless the preference of using RRC_INACTIVE in favor of RRC_ILDE also depends on the size of the RNA, which may be restricted by the paging capacity. 
Proposal 4: 	RAN2 should study the need of moving UEs to RRC_IDLE state considering the progress and assumptions on mobility handling, on defined size of the Radio Notification Area/the available paging capacity. 
Proposal 5:	RAN2 should study the potential size of the Radio Notification Area based on an analysis of the paging capacity. 
3. Conclusions
This document discusses the impact of RRC Connection Control and proposes the following for the RRC State Management. 
Proposal 1: 	Regular state transitions from RRC_IDLE to RRC_CONNTECTED should be avoided for NTN. 
Proposal 2: 	NTN have to support all three RRC states (RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED 
Proposal 3: 	RAN2 should study RRC State Management procedure for the most critical scenario of high gNB mobility in the LEO case with earth moving beams. 
Proposal 4: 	RAN2 should study the need of moving UEs to RRC IDLE state considering the progress and assumptions on mobility handling, on defined size of the Radio Notification Area/ the available paging capacity. 
Proposal 5:	RAN2 should study the potential size of the Radio Notification Area based on an analysis of the paging capacity. 
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