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1 Introduction

In RAN#102 meeting, a new WID on NTN for IoT [1] has been approved. In the WID, one of the objectives is to enhance UL capacity, as following.
	· Support of Capacity enhancements for uplink


· 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]

· Multi-tone support for 15 kHz SCS should also be considered

Note: Impact of impairment shall be taken into account

· 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


In general, potential directions for UL capacity enhancement include support of OCC for NPUSCH formant 1/NPRACH and enhanced EDT, where the former is a RAN1-led feature and the latter is a RAN2-based feature.
In this contribution, we discuss enhanced EDT and present our views.
2 Discussion
In Rel-15, the EDT feature has been introduced for NB-IoT and eMTC, which enables an IDLE mode UE to transmit data in Msg3 during the random access procedure without transition to CONNECTED mode, so that signalling overhead and power consumption are reduced. In Rel-16, the earlier transmission of UL data has been further enhanced by introducing PUR. This feature allows eNB to configure dedicated uplink resources, with which an IDLE mode UE can send UL transmission without performing random access procedures. By skipping the random access procedure, the uplink transmission efficiency can be improved and UE power consumption is further reduced. 
As NTN cell has much larger coverage compared to TN cell, IoT NTN will have to support massive capacity. In order to enhance cell capability, a potential solution is to introduce RACH-less EDT, i.e. direct Msg3 transmission without Msg1/Msg2, so that the signalling overhead due to Msg1/Msg2 can be saved. From this perspective, RACH-less EDT is similar to PUR. However, for PUR, the same preconfigured resources for PUSCH transmission can be shared by up to two UEs, in which case eNB differentiates one UE from the other through the cyclic shift of DMRS for PUSCH which is configured by eNB. In other words, currently, only dedicated PUR is supported. If UE is configured with PUR and UE does not initiate PUR procedure, the preconfigured uplink resources would be wasted. Therefore, for RACH-less EDT, it is desired to support shared uplink resources for Msg3 transmission, so that the resource utilization efficiency and capacity can be improved compared to PUR. In the other hand, sharing uplink resources for Msg3 transmission would bring the risk of collision among different UEs, e.g. multiple UEs initiate RACH-less EDT and use the same time-frequency resource to transmit Msg3 simultaneously. If the collision rate is high, it would have negative impact, e.g. increased signalling overhead and UE power consumption. But we think the collision rate can be controllable by network via per-UE enabling/disabling configuration for RACH-less EDT, e.g. via RRC RRCConnectionRelease message.
Observation 1 Compared to EDT, the feature of PUR can further improve the uplink transmission efficiency and save UE power consumption by skipping the random access procedure.
Observation 2 In legacy PUR, only dedicated uplink resource is supported, which is less resource efficient than shared uplink resource.
Observation 3 Support of shared uplink resource for Msg3 transmission would bring the risk of collision among different UEs.
Regarding the configuration of the shared uplink resources for Msg3 transmission, it can be configured via UE-specific signalling or system information. From signalling overhead point of view, we prefer to include this configuration in system information. 
Proposal 1 RACH-less EDT, i.e. direct Msg3 transmission without Msg1/Msg2 is supported in Rel-19 IoT NTN.
Proposal 2 For RACH-less EDT, support shared uplink resource pools for Msg3 transmission, which are configured by eNB via system information. 
Proposal 3 RACH-less EDT can be enabled/disabled by network per UE via UE-specific signalling.
Based on the above analysis, the procedure of RACH-less EDT is given in figure 1.
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Figure 1 procedure of RACH-less EDT

As highlighted above, the other aspect on EDT enhancement is to support efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete. In legacy EDT, after UE transmit UL data together with RRCEarlyDataRequest or RRCConnectionResumeRequest message in Msg3, the UE will not consider the EDT as successfully completed until it receives RRCEarlyDataComplete or RRCConnectionRelease message, i.e.  only RRC message can be used to indicate the successful reception of the EDT transmission by the eNB. In PUR, eNB may terminate the PUR procedure by sending a L1 ACK optionally containing a TAC, a TAC or RRC response message with no data. By introducing L1/L2 ACK, the performance of resource efficiency, UE power consumption as well as MO latency for PUR can be further improved compared to EDT. With the same motivation, for EDT, the response message can be further enhanced, e.g. to support L1/L2 ACK. According to the current WID, for the feature of EDT enhancement, only RAN2 is involved. We should minimize RAN1 impact and prioritize L2 based ACK. 
Observation 4 For PUR, besides RRC response message, L1/L2 based ACK can also be used to terminate the PUR procedure, which could improve the performance of resource efficiency, UE power consumption as well as MO latency compared to EDT.
Proposal 4 L2 signalling can be used for acknowledging the reception of a transmission using EDT.
Based on the WID, it is unclear whether the feature of Msg4 enhancement (i.e. efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete) is dependent of or can be separate from RACH-less EDT. In our understanding, both features are EDT enhancements in different aspects. Although support for both features may bring the most benefits, for UEs supporting either Msg4 enhancement or RACH-less EDT, resource efficient and MO latency may also be improved compared to legacy EDT. If we decouple the two features, UE may choose whether to support either or both features, which would be more flexible for UE implementation. Based on this, we propose that efficient delivery of msg4 / RRCEarlyDataComplete can be applied to both RACH based EDT and RACH-less EDT.
Proposal 5 The feature of Msg4 enhancement can be applied to both RACH based EDT and RACH-less EDT.
3 Conclusion
Based on the discussion we make the following observation:

Observation 1 Compared to EDT, the feature of PUR can further improve the uplink transmission efficiency and save UE power consumption by skipping the random access procedure.
Observation 2 In legacy PUR, only dedicated uplink resource is supported, which is less resource efficient than shared uplink resource.
Observation 3 Support of shared uplink resource for Msg3 transmission would bring the risk of collision among different UEs.
Observation 4 For PUR, besides RRC response message, L1/L2 based ACK can also be used to terminate the PUR procedure, which could improve the performance of resource efficiency, UE power consumption as well as MO latency compared to EDT.
And we give the following proposals:
Proposal 1 RACH-less EDT, i.e. direct Msg3 transmission without Msg1/Msg2 is supported in Rel-19 IoT NTN.
Proposal 2 For RACH-less EDT, support shared uplink resource pool for Msg3 transmission, which are configured by eNB via system information. 
Proposal 3 RACH-less EDT can be enabled/disabled by network per UE via UE-specific signalling.

Proposal 4 L2 signalling can be used for acknowledging the reception of a transmission using EDT.

Proposal 5 The feature of Msg4 enhancement can be applied to both RACH based EDT and RACH-less EDT.
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