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Introduction
In last meeting, we have mainly discussed the early data transmission scope for IoT-NTN and achieved some agreements as follows [1]:
Agreements:
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 would like to provide some discussions on potential enhancements for EDT in IoT-NTN system.
[bookmark: _Hlk41985036]Discussion
 Early Data Transmission (EDT)
Per the TS 36.300 [2], existing EDT procedure includes MO-EDT (Mobile Originated Early Data Transmission) and MT-EDT (Mobile Terminated Early Data Transmission). And MO-EDT allows one uplink data transmission optionally followed by one downlink data transmission during the random access procedure, while MT-EDT is intended for a single downlink data transmission during the random access procedure.
For example, the current MO-EDT and MT-EDT for Control Plane CIoT EPS Optimisation is as following respectively:
[image: ]
Figure 7.3b-1: MO-EDT for Control Plane CIoT EPS Optimisation [2]



Figure 7.3c-1: MT-EDT for Control Plane CIoT EPS Optimisation [2]
To improve UL system capacity, the necessary uplink and downlink signaling to complete an EDT transaction could be considered to reduce as much as possible, which as covered in the WID scope:
· Msg3 transmission without msg1/ Random Access Response (RAR)
· Efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete
In addition to improve UL system capacity, Early Data Transmission mechanism could transmit data directly without transition to RRC CONNECTED, which is also beneficial for latency reduction in IoT-NTN scenario considering that the propagation delay is much larger than the terrestrial network and the maximum round trip delay is 541.46ms for GEO and 25.77ms for LEO. And in IoT-NTN, UE could pre-compensate the Timing Advance based on its own valid GNSS position as well as the ephemeris and common TA provided by network. Therefore to perform Msg3 transmission without msg1/ Random Access Response, EDT combination with Pre-configured resource could be considered. 
Observation 1: Early Data Transmission mechanism is beneficial for both UL system capacity improvement and latency reduction in IoT-NTN scenario. 

Further, in IoT-NTN system, especially NB-IoT, considering the larger DL signaling overhead (up to 53%) and the tight coupling between UL and DL transmission, DL system capacity degradation would lead to limited UL system capacity. The UL-driven traffic, such as Mobile Originated (MO) transmissions would be mainly affected. Therefore, we could consider to discuss enhancements for MO-EDT firstly. 
Proposal 1: It is proposed to enhance EDT for IoT-NTN and discuss enhancements for MO-EDT firstly. 
 Contention based Preconfigured Uplink Resource (PUR)
To increase the UL system capacity, solutions reducing the reliance on DL signaling could be discussed. Some existing solution such as Preconfigured Uplink Resource (PUR) could be considered. However, the existing PUR scheme is contention free shared (CFS) and needs to reserve resources for a given UE, which only supports a limited number of pre-configured UL transmission, having an impact on the potential gains as well as network capacity available to other UEs. To resolve the issue, a contention based PUR solution could be discussed. Network broadcasts one or several shared PUR pool(s) in a cell, then all the UEs in the cell select the UL resources in the PUR pool(s) randomly. Further, with the shared PUR pool(s), UE could perform EDT procedure without msg1/RAR, that is to transmit msg3 directly to the network.
Proposal 2: It is proposed to consider a contention based PUR solution to improve the UL system capacity for IoT-NTN.
 Contention Resolution
However, with contention based shared PUR resource, obviously, there will still be a collision issue. And we could consider a similar contention resolution scheme in CBRA procedure. In detail, network receives the CCCH SDU included in the Msg3 and transmitted Msg4 carrying a UE Contention Resolution Identity MAC CE. If the UE Contention Resolution Identity in the MAC CE matches the CCCH SDU transmitted in Msg3, this Contention Resolution could be considered successfully.
Proposal 3: A similar contention resolution scheme in CBRA procedure could be considered as the baseline to resolve the collision issue of EDT based on CBS PUR.
 Fallback mechanism based on maximum number of EDT transmissions
Then a maximum number of EDT transmissions based on shared PUR resource could be defined to avoid the more serious delay caused by too many attempts. If UE attempts up to the maximum number of EDT transmissions, a fall back mechanism could be considered, i.e., to perform legacy RACH procedure to obtain UL resource.
Proposal 4: It is proposed to introduce a maximum number of EDT transmissions based on shared PUR resource to avoid the more serious delay caused by too many attempts.
Proposal 5: If UE attempts up to the maximum number of EDT transmissions, a fall back mechanism could be considered, i.e., to perform legacy RACH procedure to obtain UL resource.
Conclusion
Based on the discussions mentioned above, in this contribution we provide some discussions on EDT enhancements for IoT-NTN and have the following proposals:
Observation 1: Early Data Transmission mechanism is beneficial for both UL system capacity improvement and latency reduction in IoT-NTN scenario. 
Proposal 1: It is proposed to enhance EDT for IoT-NTN and discuss enhancements for MO-EDT firstly. 
Proposal 2: It is proposed to consider a contention based PUR solution to improve the UL system capacity for IoT-NTN.
Proposal 3: A similar contention resolution scheme in CBRA procedure could be considered as the baseline to resolve the collision issue of EDT based on CBS PUR.
Proposal 4: It is proposed to introduce a maximum number of EDT transmissions based on shared PUR resource to avoid the more serious delay caused by too many attempts.
Proposal 5: If UE attempts up to the maximum number of EDT transmissions, a fall back mechanism could be considered, i.e., to perform legacy RACH procedure to obtain UL resource.
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