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1 Introduction

In IoT NTN, one enhancement was identified during RAN plenary discussion that the UL capacity is tightly coupled with DL control signaling capacity [1]. In order to address it, one objective of the Rel-19 IoT NTN WID is to study and specify enhancements on EDT.

	Support of Capacity enhancements for uplink
· Study and specify, if beneficial the following enhancements to reduce the necessary uplink and downlink signaling to complete an EDT transaction [RAN2]:

· Msg3 transmission without msg1/RAR

· Efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete




2 Discussions

Looking into the objective, our understanding is the enhancement should be based on legacy PUR based EDT transaction. And the NR 2-step RACH based mechanism is not considered as a candidate solution here because 2-step RACH still has msg1/RAR.

Before discussing about the enhancement, it is worthwhile to recap the current PUR mechanism. 

1) The legacy PUR resource is contention free resource shared by a limited number of UE(s) (up to 2 for 12 tones, or less). 

2) PUR resource is only valid in the cell where the UE receives the RRCConnectionRelease message provisioning the PUR configuration.

3) UE is subject to following conditions before transmitting data via PUR resource

   Condition 1: UE should have valid UL timing synchronization 

   Condition 2: data size is smaller than PUR resource

To further enhance the PUR mechanism, a contention-based solution can be considered. We think several aspects should be considered.

Issue 1: PUR resource configuration

The contention based PUR resource can be either provisioned in dedicated RRC signaling to each UE, or in broadcast signaling (e.g, SIB). For the former approach, UE can request for a contention based PUR resource based on its capability and network indication on the feature enabling. For the latter approach, network could provide a set of contention based PUR resource for UE to select. 

Proposal 1: RAN2 to consider contention based shared PUR resource provision via RRCConnectionRelease or SIB.

Issue 2: UL timing condition to initiate data transmission via contention based PUR resource

In legacy design, the UL timing maintenance is critical for data transmission via PUR since it guarantees successful UL data reception at network side. In NTN network, it is arguable if the UL timing maintenance by TAT or RSRP change is still required, since UE can perform UL timing pre-compensation based on ephemeris data and UE location. If UL timing can be achieved by pre-compensation, it would in turn justifies the contentions based PUR resource provisioned by SIB.

However, we believe RAN2 may not be in the position to decide whether UL timing synchronization can be achieved simply by pre-compensation. 
Proposal 2: RAN2 asks RAN1/RAN4 to evaluate if UL timing synchronization can be done by UL timing pre-compensation. 

Issue 3: Contention resolution

Next issue would be how to address the contention resolution in MSG4. In legacy PUR, the acknowledgment can be provided via either layer-1 signaling in downlink control information (DCI) or layer 3 signaling in RRC message. Since this objective does not include RAN1 as responsible WG, we think DCI enhancement should better be avoided. Then, the RRCEarlyDataComplete message would be the only option left, where the UE ID could be carried in RRCEarlyDataComplete message.

From UE side, it should maintain a contention resolution timer upon its transmission of MSG3. If the contention resolution timer expires without receiving MSG4, UE could re-transmit its data via next available PUR resource (assuming the condition is still fulfilled). 

Another issue is how to address the UE in MSG4 DCI. In legacy PUR, the PUR-RNTI is configured in the PUR-Config. We think the same approach can be re-used here.

Proposal 3: Contention resolution is done by UE ID carried in RRCEarlyDataComplete message.

Proposal 4: Reuse legacy approach that PUR-RNTI is pre-configured in PUR-Config.
Issue 4: Fallback
When UE is enabled to have valid PUR resource for EDT transmission, UE may fallback to legacy EDT procedure (via RACH) under some situations. One scenario is the condition for using the contention based PUR resource is not met. The other scenario is the EDT PUSCH transmission fails for one or multiple times.

Proposal 5: Fallback mechanism is needed when contention based PUR is considered invalid, or when EDT PUSCH transmission on contention based PUR failure occurs. 
3 Conclusion

According to the analysis in section 2, we propose that:

Proposal 1: RAN2 to consider contention based shared PUR resource provision via RRCConnectionRelease or SIB.

Proposal 2: RAN2 asks RAN1/RAN4 to evaluate if UL timing synchronization can be done by UL timing pre-compensation. 

Proposal 3: Contention resolution is done by UE ID carried in RRCEarlyDataComplete message.

Proposal 4: Reuse legacy approach that PUR-RNTI is pre-configured in PUR-Config.
Proposal 5: Fallback mechanism is needed when contention based PUR is considered invalid, or when EDT PUSCH transmission on contention based PUR failure occurs. 
4 Reference

[1] RP-240776 Revised WID on Non-Terrestrial Networks (NTN) for Internet of Things (IoT) Phase 3

