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1. Introduction
New Rel-19 work item on IoT-NTN phase 3 was approved at RAN#102 and revised at RAN#103 [1]. One of the objectives in the WID is to study (and specify, if beneficial) optimisation on EDT transaction to improve uplink capacity:
	· Support of Capacity enhancements for uplink
……
· [bookmark: OLE_LINK26][bookmark: OLE_LINK14]Study and specify, if beneficial the following enhancements to reduce the necessary uplink and downlink signaling to complete an Early Data Transmission (EDT) transaction [RAN2]:
· Msg3 transmission without msg1/ Random Access Response (RAR) 
· Efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete



In this document, we provide some analyses on possible options to optimise EDT transaction.
2. [bookmark: OLE_LINK139][bookmark: OLE_LINK140]Discussion
For small uplink data transmission in RRC_IDLE, two mechanisms were specified in NB-IoT/MTC and supported in IoT-NTN:
· MO-EDT: If configured in SIB, MO-EDT allows one uplink data transmission in MSG3 optionally followed by one downlink data transmission during the random access procedure. 
· Transmission using PUR: If configured via dedicated signaling in previous RRC connection and TA is valid, one uplink transmission from RRC_IDLE without performing the random access procedure is allowed in the cell where the configuration was received. One downlink data transmission is also allowed in the same procedure.
According to the WID, compared to MO-EDT, a mechanism allows data transmission without MSG1 and RAR needs to be studied to improve uplink capacity. Based on legacy mechanisms for small uplink data transmission, three options without MSG1 and RAR can be considered to improve UL capacity:
Option 1: OCC+legacy PUR
In legacy PUR, two UE can be potentially configured with different cyclic shifts of DMRS and share the same preconfigured resources simultaneously (if NPUSCH transmission is larger than or equal to 64ms for 12-tone allocation). Another objective in this WID is to study and specify (if beneficial) OCC for NPUSCH format 2. If the benefit and feasibility is confirmed by RAN1, using OCC for PUR transmission is a straightforward way to further improve UL capacity for small data transmission.
Option 2: SIB based PUR
[bookmark: _Hlk163127068]Legacy PUR is configured by dedicated signaling and can only be used in the cell where the configuration was received, as TA validation cannot be guaranteed in a new cell. In IoT-NTN, on one hand, before UL transmission, the UE will pre-compensate TA by considering the common TA, UE position and the NTN payload position through the ephemeris. On the other hand, TAC in RAR is still needed for some reason, e.g. the accuracy of TA calculation at the UE side for service link RTT. If TA can be estimated and pre-compensated accurately by the UE, it is possible to configure shared PUR resource in SIB. In this case, the UE can use PUR in any cell with PUR configuration broadcasted. The feasibility for a UE to pre-compensate TA without TAC in RAR needs to be confirmed by RAN1.
Option 3: 2-step RA based MO-EDT
In NR, 2-step RA based MO-SDT was introduced in Rel-17. UL data can be transmitted in MSGA together with preamble. Introducing similar mechanism in IoT-NTN can also allow UL data in the first transmission in RRC_IDLE. In NR, 2-step RA was specified first in Rel-16, thus, 2-step RA based MO-SDT can be introduced with small RAN1 impact. In IoT-NTN, since 2-step RA is not supported, introducing 2-step RA based MO-EDT will have significant RAN1 impact.
In above options, introducing OCC for legacy PUR has small RAN2 impact. Same as legacy PUR, it still can only be used in the last used cell. Introducing SIB based PUR or 2-step RA based MO-EDT can remove such restriction but will have RAN1 impact. In the WID, RAN1 is not listed in corresponding working groups, and we noticed that there is no agenda item for this objective in the last RAN1 meeting. 
Therefore, we propose to introduce OCC for legacy PUR (if RAN1 decided to introduce OCC for NPUSCH format 2) as a start point. SIB based PUR can also be considered if the feasibility for the UE to pre-compensate TA without TAC in RAR is confirmed by RAN1. In this case, LS to RAN1 is needed to trigger corresponding discussion. Compared with OCC+legacy PUR and SIB based PUR, we do not see clear benefit for 2-step RA based MO-EDT and there will be big RAN1 impact. Thus, 2-step RA based MO-EDT is not preferred.
Proposal 1: From RAN2 perspective, OCC for legacy PUR can be supported to improve UL capacity, if OCC for NPUSCH format 2 is supported in RAN1 discussion.
Proposal 2: SIB based PUR can be considered if RAN1 confirms that UE can pre-compensate TA without TAC in RAR.
3. Conclusion
In this contribution, we provide some analyses on possible options to optimise EDT transaction. Corresponding proposals are summarised as follows.
Proposal 1: From RAN2 perspective, OCC for legacy PUR can be supported to improve UL capacity, if OCC for NPUSCH format 2 is supported in RAN1 discussion.
Proposal 2: SIB based PUR can be considered if RAN1 confirms that UE can pre-compensate TA without TAC in RAR.
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