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1. Introduction
Considering the need of supporting massive capacity in terms of number and types of UE in IoT NTN, there is a need to identify methods to reduce the necessary uplink and downlink signaling. The latest RAN2#125bi meeting made the following agreement regarding uplink capacity enhancements in Rel-19 IoT NTN:
	1. Both NB-IoT and eMTC are within scope of uplink capacity enhancements.
2. Both C-plane and U-plane solutions are within scope of uplink capacity enhancements.
3. Only CIoT EPS is within scope of uplink capacity enhancements.


In this contribution we discuss the potential issues and solutions for EDT enhancements in IoT NTN.
2. [bookmark: Proposal_Beacon]Discussion
EDT is a feature supported in LTE protocols to allow UE data transmission and reception without entering CONNECTED statue to reduce UE power consumption, which can be characterized into MO-EDT and MT-EDT. 
· MO-EDT allows one uplink data transmission optionally followed by one downlink data transmission during the random access procedure, and it is triggered when the upper layers have requested the establishment or resumption of the RRC Connection for Mobile Originated data and the uplink data size is less than or equal to a size threshold indicated in the system information. 
· MT-EDT is intended for a single downlink data transmission during the random access procedure, and it is initiated by the MME if the UE and the network support MT-EDT and there is a single DL data transmission for the UE. 
For Rel-19 NTN enhancements, considering the need of supporting massive capacity in terms of number and types of UE, there is a need to identify methods to reduce the necessary uplink and downlink signaling. From this perspective there are two directions that are to be studied: Msg3 transmission without Msg1/2 and reduced overhead reduction for Msg4 delivery.
Msg3 transmission without Msg1/2 for EDT
The procedures of legacy MO-EDT for Control Plane CIoT EPS/5GS optimisations (i.e., CP-EDT) are shown in Figure 1 as a starting point for discussion. The legacy MO-EDT for User Plane CIoT EPS/5GS optimisations (i.e., UP-EDT) have similar procedures with some differences in contents of specific messages. Meanwhile the MT-EDT can be considered as a paging procedure plus the MO-EDT procedures. In general, it is obvious that the entire random access procedures, including Msg1(preamble) transmission, Msg2(RAR) reception, Msg3 transmission and Msg4 reception, are necessary for legacy EDT. For Rel-19 IoT NTN aiming to achieve Msg3 transmission without Msg1(preamble)/Msg2(RAR), issues are to be identified and solutions are needed.
[image: ]
Figure 1. MO-EDT for Control Plane CIoT EPS Optimisation
In legacy EDT, the UE relies on transmission of EDT-dedicated preamble to request for EDT, and eNB can identify a request for EDT based on that an EDT-dedicated preamble is used. If Msg1(preamble) transmission is omitted for EDT, new schemes are needed for UE to request for EDT operation and for eNB to identify a request for EDT operation.
Observation 1: If Msg1 transmission is omitted for EDT, RAN2 at least need to consider how UE requests for an EDT operation and how eNB identifies it.
A following issue is that, the UE relies on reception of Msg2(RAR) to acquire the UL resource for the followed Msg3 transmission in legacy EDT operation, as there is no resource pre-configuration for the UE. If Msg2(RAR) reception is omitted for EDT, how to configure UE with the corresponding resource for Msg3 transmission needs to be resolved. The PUR scheme which already supports UL resource pre-configuration can be referred as well.
Observation 2: If Msg2 reception is omitted for EDT, RAN2 at least need to consider how to configure UE with necessary UL resource for Msg3 transmission.
For the initiation of an EDT operation, legacy EDT scheme only considers one metric of data size while the channel quality (e.g., signal strength) can be guaranteed by random access mechanisms (e.g., power ramping). If Msg1(preamble) is omitted for EDT, how to ensure that the channel quality is sufficient to transmit Msg3? Moreover, for NTN deployed with LEO satellites, the timing of cell change (e.g., cell stop serving time or feeder link switch time) may also have impact on the decision of initiating an EDT operation.
Observation 3: If Msg1 transmission and Msg2 reception are omitted for EDT, RAN2 may need to consider additional metrics for EDT initiation e.g., to guarantee successful Msg3 transmission.
From the perspective of NTN as supported in Rel-17 and Rel-18, the UE needs to pre-compensate the timing advance between UE and the network reference point for UL synchronization before initiating random access. If Msg1 transmission and Msg2 reception are omitted for EDT, it is also required for the UE to calculate the pre-compensated timing advance before direct Msg3 transmission. Meanwhile due to the mandatory requirement of UL synchronization in NTN, the procedures to acquire ephemeris or UE position may also interrupt the initiation of EDT.
Observation 4: If Msg1 transmission and Msg2 reception are omitted for EDT, UE in NTN needs to guarantee UL synchronization to transmit Msg3 directly.
Based on the above analysis, there are several issues to be resolved if Msg1 transmission and/or Msg2 reception are omitted for EDT in NTN, including initiation, identification and UL resource configuration for an EDT operation without Msg1/Msg2.
Proposal 1: RAN2 to discuss the following issues on EDT without Msg1/2 for NTN:
· UL resource configuration for an EDT operation without Msg1/2;
· UE request and eNB identification for an EDT operation;
· Metrics of initiating an EDT operation without Msg1/2;
· UL synchronization guaranteeing for an EDT operation without Msg1/2.
Efficient delivery of Msg4 for EDT
In legacy EDT the delivery of Msg4 (e.g., RRCEarlyDataComplete for CP-EDT) is unicast via dedicated RRC signalling, and its included fields (e.g., dedicatedInfoNAS, extendedWaitTime, idleModeMobilityControlInfo, redirectedCarrierInfo) are specified as optional. From network perspective eNB can reduce overhead simply by omitting some unnecessary fields.
Observation 5: By implementation, an eNB can at least reduce the overhead for Msg4 delivery by restricting the optional fields in Msg4.
Moreover, these fields of Msg4 are not all UE-specific e.g., extendedWaitTime, idleModeMobilityControlInfo, and redirectedCarrierInfo could be common for multiple or even all UEs in the cell, and dedicatedInfoNAS could also be common when it is empty or zero (i.e., no DL data for EDT from core network). Therefore it is not necessary to always unicast all these fields with duplicated signalling overhead. Based on the above analysis, at least the following two directions can be considered for efficient Msg4 delivery:
· Case A: At least part of Msg4 is common for multiple UEs initiated EDT in the cell. In this case the common part of Msg4 may be delivered in a non-unicast manner.
· Case B: No DL data or other configuration is to be delivered to UE (i.e., empty Msg4). In this case an alternative indication other than Msg4 via RRC can be considered e.g., the Layer 1 or MAC CE acknowledgement used for PUR.
Observation 6: Enhancements for efficient Msg4 can consider non-unicast or non-RRC delivery.
Therefore the following directions can be further discussed:
Proposal 2: RAN2 to discuss the following enhancements for Msg4 delivery in EDT:
· Msg4 delivery in non-unicast ways (e.g., multicast);
· Msg4 delivery using lower layer indication (e.g., Layer 1 indication or MAC CE as in PUR).
3. Conclusion
In this contribution we discuss the potential issues and solutions for EDT enhancements in IoT NTN. The following observations are given:
Observation 1: If Msg1 transmission is omitted for EDT, RAN2 at least need to consider how UE requests for an EDT operation and how eNB identifies it.
Observation 2: If Msg2 reception is omitted for EDT, RAN2 at least need to consider how to configure UE with necessary UL resource for Msg3 transmission.
Observation 3: If Msg1 transmission and Msg2 reception are omitted for EDT, RAN2 may need to consider additional metrics for EDT initiation e.g., to guarantee successful Msg3 transmission.
Observation 4: If Msg1 transmission and Msg2 reception are omitted for EDT, UE in NTN needs to guarantee UL synchronization to transmit Msg3 directly.
Observation 5: By implementation, an eNB can at least reduce the overhead for Msg4 delivery by restricting the optional fields in Msg4.
Observation 6: Enhancements for efficient Msg4 can consider non-unicast or non-RRC delivery.
And it is proposed that:
Proposal 1: RAN2 to discuss the following issues on EDT without Msg1/2 for NTN:
· UL resource configuration for an EDT operation without Msg1/2;
· UE request and eNB identification for an EDT operation;
· Metrics of initiating an EDT operation without Msg1/2;
· UL synchronization guaranteeing for an EDT operation without Msg1/2.
Proposal 2: RAN2 to discuss the following enhancements for Msg4 delivery in EDT:
· Msg4 delivery in non-unicast ways (e.g., multicast);
· Msg4 delivery using lower layer indication (e.g., Layer 1 indication or MAC CE as in PUR).
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