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1	Introduction
As one target of WID[1], support of capacity enhancement for UL needs to be studied and specified. One of the motivations is to reduce the necessary uplink and downlink signalling to complete an Early Data Transmission (EDT) transaction. More specifically, it includes enhancement to transmit Msg3 without Msg1/Msg2 and enhancement to efficiently deliver Msg4.
	· Support of Capacity enhancements for uplink

· [bookmark: OLE_LINK16][bookmark: OLE_LINK15]Study then specify, if beneficial, enhancements to enable multiplexing of multiple UEs (e.g. up to the min of 4 and the maximum allowed by the existing UL and DL signalling) in a single 3.75 kHz or 15 kHz subcarrier via orthogonal cover codes (OCC) for NPUSCH format 1 and NPRACH [RAN1, RAN2, RAN4]

· Multi-tone support for 15 kHz SCS should also be considered
· Specify necessary signalling, if needed 
· Update RF requirements accordingly, if needed

Note: Impact of impairment shall be taken into account


· [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 contribution, we provide our view on the WI scope and possible enhancements.
2	Discussion
Mobile originated early data transmission (EDT) is supported in Rel-15, which allows for early UL data transmission in Msg3. Mobile terminated EDT is supported in Rel-16, which is intended for a single DL data transmission during the random access procedure. For both MO-EDT and MT-EDT, control plane and user plane optimization are supported for both NB-IoT and eMTC. For Rel-19 EDT enhancements for IoT NTN, NB-IoT NTN and the RRCEarlyDataComplete (Msg4) are mentioned in the WID[1] description. However, it is not crystal clear whether eMTC NTN should be supported and whether the UP optimization is supported.  
Proposal 1: For the uplink capacity enhancement in Rel-19 IoT NTN, RAN2 to confirm the NB-IoT NTN with CP optimization solution is in scope.
Proposal 2: For the uplink capacity enhancement in Rel-19 IoT NTN, RAN2 to clarify whether eMTC NTN shall be supported and whether UP optimization solution shall be supported.
In Rel-16, preconfigured uplink resource (PUR) was introduced to further enhance the small data transmission in both NB-IoT and eMTC. The PUR builds on the EDT concept, but allows to skip the Msg1 and Msg2 steps of the Random Access procedure if the UE can confirm the serving cell is same as the one which configured the PUR and optionally that Timing Advance is valid/RSRP is within a certain range, and instead directly initiate the data transmission using the PUR resource in Msg3. The PUR is configured in a previous RRC connection (i.e., in RRCConnectionRelease message) and enables further potential energy savings compared to EDT.
The PUR concept seems quite aligned with the requirements of Rel-19 objective to support Msg3 transmission without msg1/Msg2. However, in terms of the feature’s applicability in NTN, there are issues related to the LEO deployments, where the serving cell may change frequently and radio conditions also vary. Furthermore, with the movement of the satellite, the UE’s timing advance (TA) will be dynamically changed as well.
Observation 1: The preconfigured uplink resources (PUR) feature of release 16 is beneficial for IoT NTN to improve the uplink capacity enhancement, but requires further study.
Since PUR requires the UE validates the TA to directly transmit Msg3, it needs to consider how the UE can validate the TA in LEO especially for earth moving cell (EMC). In Rel-17/18, the IoT NTN UE can estimate UE’s TA between UE and the reference point(RP) based on its GNSS position, the NW broadcasted satellite ephemeris, and the Common TA parameters, hence the UE can autonomously pre-compensate the TA for the RTT between the UE and the RP. On top of UE’s TA estimation, NW can use the RAR and/or TAC MAC CE to adjust UE’s TA based on the received UL transmissions. To support direct Msg3 transmission for PUR in EMC, it may be necessary to study whether the UE estimated TA (without any NW adjustment) is accurate enough for the first Msg3 PUSCH transmission. Otherwise, the inaccurate UL TA adjustment for Msg3 transmission may cause interference to other UEs.
Proposal 3: Whether the UE estimated TA (based on UE’s GNSS position, the NW broadcasted satellite ephemeris and the Common TA parameters) is sufficiently accurate for direct Msg3 transmission should be investigated.
Since the TA accuracy and PUSCH transmission requirement are typically studied and specified by RAN1/RAN4, RAN2 may need to send LS to RAN1/RAN4 to clarify the feasibility.
Proposal 4: Send LS to RAN1/RAN4 to clarify whether TA estimated by IoT NTN UE is sufficiently accurate for direct Msg3 transmission for PUR.
The legacy PUR configuration is only valid in the cell where the configuration was received. In other words, when the UE accesses in another cell, the PUR configuration is implicitly released at the UE. For IoT NTN, due to the frequently changed serving cell in LEO, it may be necessary to study whether a PUR configuration can be applicable to other cells than the serving cell, which provided it. 
Proposal 5: RAN2 to study whether a PUR configuration can be applicable to other cells than the serving cell which provided it.
In current PUR feature, dedicated PUR resource is allocated to a UE for PUR transmission. To support massive UEs deployment under an NTN cell, as suggested in [2], a Contention-Based schemes for PUR with Shared resources (CBS PUR) can be further studied.
Proposal 6: RAN2 to study the Contention-Based schemes for PUR with shared resources for IoT NTN.
In current specifications Mobile terminated EDT was specified. In this procedure the small data transmission from network is delivered in Msg4 after receiving paging response from UE on Msg3. Even though the procedure is completed without RRC connection setup procedure the number of steps and delay involved in delivering the MT-EDT packet is high. For IoT-NTN deployments there could be potential application scenarios that need MT-EDT hence reduction of access steps for MT-EDT needs to be considered.
Proposal 7:  RAN2 to consider MT-EDT scenarios for reduction of steps for completion of MT-EDT for IoT-NTN
3	Conclusion
This document has made the following observations:
Observation 1: The preconfigured uplink resources (PUR) feature of release 16 is beneficial for IoT NTN to improve the uplink capacity enhancement, but requires further study.
And proposed the following:
Proposal 1: For the uplink capacity enhancement in Rel-19 IoT NTN, RAN2 to confirm the NB-IoT NTN with CP optimization solution is in scope.
Proposal 2: For the uplink capacity enhancement in Rel-19 IoT NTN, RAN2 to clarify whether eMTC NTN shall be supported and whether UP optimization solution shall be supported.
Proposal 3: Whether the UE estimated TA (based on UE’s GNSS position, the NW broadcasted satellite ephemeris and the Common TA parameters) is sufficiently accurate for direct Msg3 transmission should be investigated.
Proposal 4: Send LS to RAN1/RAN4 to clarify whether TA estimated by IoT NTN UE is sufficiently accurate for direct Msg3 transmission for PUR.
Proposal 5: RAN2 to study whether a PUR configuration can be applicable to other cells than the serving cell which provided it.
Proposal 6: RAN2 to study the Contention-Based schemes for PUR with shared resources for IoT NTN.
Proposal 7:  RAN2 to consider MT-EDT scenarios for reduction of steps for completion of MT-EDT for IoT-NTN
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