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In RAN#80, a new SI “Solutions for NR to support Non-Terrestrial Network” was agreed [1]. It is a continuation of the preceding SI “NR to support Non-Terrestrial Networks” (RP-171450), where the objective was to study the channel model for the non-terrestrial networks, to define deployment scenarios, parameters and identify the key potential impacts on NR. The results are summarized in [2]. The new study item has the objective at evaluating potential solutions addressing the minimum necessary identified key impact areas from the previous activity and to study impact on RAN protocols/architecture. The objectives for layer 2 and above are:
	· Study the following aspects and identify related solutions if needed: Propagation delay: Identify timing requirements and solutions on layer 2 aspects, MAC, RLC, RRC, to support non-terrestrial network propagation delays considering FDD and TDD duplexing mode. This includes radio link management. [RAN2]
· Handover: Study and identify mobility requirements and necessary measurements that may be needed for handovers between some non-terrestrial space-borne vehicles (such as Non Geo stationary satellites) that move at much higher speed but over predictable paths [RAN2, RAN1]
· Architecture: Identify needs for the 5G’s Radio Access Network architecture to support non-terrestrial networks (e.g. handling of network identities) [RAN3]
· Paging: procedure adaptations in case of moving satellite foot prints or cells
Note:
· This new study item does not address regulatory issues.



In this paper, we give an overview of the impact of long propagation delays associated with non-terrestrial networks on Control Plane protocols.
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RRC signalling aspects
Mobility aspects for satellite communications are treated in companion contributions [3]. One aspect regarding mobility and RRC procedure is that of the large delays that the RRC-layer can experience due to the cascading of physical layer delays as can be seen in figure 1. It would be important to study RRC signalling aspects as the RRC-layer contains a large number of timers and closed-loop procedures.  
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Figure 1: RRC delays
As an example, the T304 timer is described as below in TS 38.331:
	Timer
	Start
	Stop
	At expiry

	T304
	Reception of RRCReconfiguration message including reconfigurationWithSync
	Successful completion of random access on the corresponding  SpCell
For T304 of SCG, upon SCG release
	For T304 of SCG, inform network about the reconfiguration with sync failure by initiating the SCG failure information procedure as specified in 5.7.3.



The current timer depends not only on one but several closed-loop procedures such as random access which means that the expected delays of the handover procedures will be much larger than in the terrestrial case. The current timer-values have been however extended to the extreme case of 10000ms, which should be enough for even the most problematic satellite random access attempts. 
[bookmark: _Toc525851822]For RRC reconfiguration in the terrestrial case, the procedure is considered quite inexpensive. But in the satellite case, such a procedure can be very slow compared to the normal case. This should be taken into account when discussing possible reconfigurations performed on-the-fly. RAN2 should consider this delay when discussing RRC reconfigurations.
Similar effects are expected for other RRC procedures.
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NR Connection Control
Due to the relatively long propagation delays, the basic connection-setup procedures (msg 1 to msg 4) might take a very long time compared to terrestrial case. In addition to the basic connection-setup procedures, there are also several more exchanges needed to setup security, radio bearers, UE capability and possible RRC reconfigurations. 
In NR, a new RRC-state, RRC_INACTIVE was introduced as a more light-weight option to RRC_IDLE. In RRC_INACTIVE many of the Control and User plane connections are established and UE AS contexts are also kept in UE and gNB. Paging is also initiated by RAN rather than CN. In Figure 2, a comparison between possible connection transitions can be seen. 
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Figure 2: Simplified depiction of procedures to enter RRC_CONNECTED
In figure 2 it can be seen that the procedures are very different in terms of number of round-trips that are required in order to complete the transitions and for every possible lower layer retransmission during this procedure, another round-trip is added.
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Conclusion
In section 2 we made the following observations:
Observation 1	The impact of long delays on RRC procedures can be very large.
Observation 2	RRC state transitions may have different “performance” for the satellite case.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 to consider studying possible improvements to control plane procedures for improving connection setup latencies.
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