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1 Introduction
In the previous RAN#103 meeting, the revised WID on Non-Terrestrial Networks (NTN) for Internet of Things (IoT) Phase 3 was approved [1]. The objective of regarding EDT enhancement includes:
	[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 will discuss the motivation and the usage of EDT enhancement for IoT-NTN with contention-based shared preconfigured UL resource (CBS PUR).
2 Discussion
To further reduce resource overhead, power consumption and transmission latency, early data transmission (EDT) and dedicated pre-configured UL resource transmission (DPUR) have been specified in the Rel-15 LTE and Rel-16 LTE, respectively. With these enhancements, an LTE UE in RRC IDLE can transmit or receive traffic data of small size without entering RRC CONNECTED. And if the UE has multiple data packets of large volume, the legacy RRC connection establishment or resumption procedure is initiated. This is because power consumption and latency gains brought by EDT or DPUR are very limited compared with the power and time duration needed for the long-term whole data transmission. 
An example of EDT is depicted in Figure 1 and an example of DPUR is shown in Figure 2.


Figure 1: EDT
Moreover, it is known that DPUR skips the first two steps of EDT for the sake of efficiency and low latency considering the UE has a valid TA (low mobility case). Generally, the eNB needs some predictable information about the traffic data pattern (e.g. TBS and periodicity) before configuring the DPUR. Otherwise, the dedicated UL resource may be wasted.
Observation 1: The use case of EDT or DPUR is small data transmission.
Observation 2: DPUR achieves higher power efficiency and lower latency by skipping Msg1 and Msg2, which is applicable to predictable periodic traffic data under low mobility case.


Figure 2: DPUR 
2.1	Use cases
[bookmark: OLE_LINK1]We understand that even in IoT-NTN case, DPUR can be configured for a UE in the case where the UE’s traffic data pattern in time domain and the data volume size are known. For example, the periodic reporting of IoT meters. And then IDLE UE can use the DPUR for the transmission of small data when having a valid TA. For such scenarios, we think the existing DPUR works well and can satisfy the Rel-19 objectives mentioned above. In this sense, we fail to see the necessity to consider additional optimizations for DPUR, which already supports skipping of Msg1 and Msg2, and can be terminated by L1 signalling (e.g. L1 ACK feedback) for DL overhead reduction.
But in case the UE has some bursty data (e.g. emergency reporting) which cannot be predicted in prior (thus DPUR will not be configured by the network for the sake of resource efficiency), the UE has to trigger legacy RRC connection establishment or resumption procedure or initiate EDT procedure. If the IDLE UE still has a valid TA, then having PUR-alike resources will be beneficial. To improve resource efficiency, we think those resources can be shared by multiple UEs. Then, the access with shared preconfigured UL resources is similar to random access without Msg1/Msg2, where the UL capacity is subjected to contention amongst multiple UEs. 
More specifically, we propose supporting contention-based shared PUR (CBS PUR). It can be configured by the network for the transmission of UL bursty data of small data size from UEs whose TA is still valid when in IDLE mode. The periodicity can be configured as the same as the PRACH configuration so that the access delay by using CBS PUR will not deteriorate, as shown in Figure 3. The TBS set for the resources depends on the link coverage level and the statistical knowledge of bursty data in IoT-NTN case. From UE point of view, UE can reuse the same RRC signaling messages used in DPUR, i.e., the UE sends the RRC message and UL data directly on the CBS PUR (i.e. PUSCH) without Msg1 and Msg2. And when successfully decoding the UL data from UE, the eNB sends the contention resolution and potential RRC message or DL traffic data to terminate the procedure. In short, using CBS PUR can be regarded as DPUR with contention resolution in the response reception, including both CP and UP solutions.  
[bookmark: OLE_LINK2]Furthermore, we would like to clarify our understanding of the TA validation (i.e. having a valid TA maintained from the RRC CONNECTED state) in this case. On one hand, RAN1 has not specified a specific longer Cyclic Prefix nor PUSCH guard period (e.g. NR MsgA PUSCH guard period) for PUSCH used in IoT. Thus, having a precise TA is mandatory for a PUSCH transmission to avoid unnecessary interference, and also for the sake of meeting the RAN4 transmit timing error requirement. On the other hand, maintaining a TA only based on UE-based pre-compensation TA might not be sufficiently accurate for PUSCH transmission, considering that there is no test validation for the accuracy. Therefore, we think the TA validation requirement defined for DPUR is still needed for the new CBS PUR use cases. Then we assume Earth-fixed cell should be considered in priority as the UE may maintain the valid TA for a long time period. For the NGSO satellite, it is not so sure whether there is a strong use case that the UE has subsequent UL data after leaving CONNECTED within the satellite service time period, which generally is not larger than 600s. 


Figure 3: Use case of CBS PUR
Based on the above, we have the following. 
[bookmark: OLE_LINK3]Observation 3: For scenarios where uplink transmission is needed for bursty data (e.g. emergency alarm) that is non-deterministic, it is beneficial to configure UE having valid TA to use contention-based shared PUR.
Observation 4: Valid TA maintenance is mandatory for PUSCH transmission for the sake of avoiding unnecessary interference and meeting transmit timing error requirements.
Proposal 1: Small data transmission via contention-based shared PUR is supported for Rel-19 IoT-NTN. 
Proposal 2: Earth-fixed cell is considered in priority for supporting contention-based shared PUR. 
Proposal 3: Contention-based shared PUR is applicable for CP or UP CIoT Optimization. 
2.2	CBS PUR procedure
Based on our preliminary consideration as mentioned above, the basic CBS PUR procedure is illustrated in Figure 4.


Figure 4: CBS PUR procedure
The first step is about resource configuration. 
CBS PUR configuration:
Generally, the CBS PUR configuration should be included in SIB message so that it can be efficiently broadcasted to multiple UEs. With reference to the DPUR resource configuration, the eNB should configure the CBS PUR in a periodic manner (similar way as NPRACH). With that, the UE with unpredictable UL bursty data can use the next available CBS PUR for UL transmission. Another option is that the CBS PUR is only valid for one shot (similar to one-shot DPUR) or for N shots. As the CBS PUR is shared amongst multiple UEs, resource waste might be not a big issue compared with DPUR considering the NW can have some solutions to control the CBS PUR usage ratio (e.g. controlling the total number of UEs allowing to use CBS PUR). So we may not consider one-shot or N-shot configuration. The drawback is that if there is no available CBS PUR, UE can only use RACH access, leading to larger latency. What’s worse, if eNB decides to configure the one-shot or N-shot configuration, it has to use SI change notification for configuration update. This will have negative impacts on the legacy UEs.  
Aside from time domain resource allocation, configuration in other aspects, such as frequency, should be considered as well. In our understanding, from PHY transmission point of view, the UL transmission and corresponding response reception via CBS PUR is similar to DPUR. Thus we assume it is simplest to reuse DPUR allocation configuration for CBS PUR. For example, the PUR allocation on PUSCH, PUSCH and PDCCH configuration reused.
Proposal 4: The eNB indicates contention-based shared PUR configuration via SIB.
Proposal 5: Taking DPUR configuration structure as a reference for contention-based shared PUR configuration.  
Trigger conditions for using CBS PUR:
For DPUR, the UE shall check whether the TA is valid, the size of pending UL data is smaller than TBS threshold. For CBS PUR, similar conditions should be applied. Additionally, as CBS PUR might be simultaneously used by multiple UEs, resource collision needs to be controlled given that collisions will cause UE power consumption and spectral efficiency degradation. So we think collision avoidance needs to be considered as one of the trigger conditions. And it is up to network implementation to balance the resource collision probability and efficient resource utilization.
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]Proposal 6: The DPUR trigger conditions (including TA validation) can be considered as baseline for contention-based shared PUR with the additional condition of collision avoidance.
CBS PUR transmission:
For the initial transmission in the CBS PUR procedure, we think the UL transmission in DPUR procedure can be reused. That is the UE includes RRCEarlyDataRequest message in which the NAS container includes traffic data in CP CIoT Optimization case. For UP CIoT Optimization case, the UE resumes the SRB and DRBs, thus containing both RRCConnectionResumeRequest message and UL UP data from DRB in the same MAC PDU. 
Proposal 7: Reusing DPUR transmission procedure as baseline for the UL transmission using contention-based shared PUR.
Response reception:
After the initial UL transmission, the UE needs to start a PDCCH monitoring window for response reception. As TA validation rule is needed for the CBS PUR procedure, the UE can only use the CBS PUR in the same cell as it was previously in RRC CONNECTED, on which the RRC Release message is received. Thus, it is feasible and efficient to reuse PUR reception procedure. Specifically, PDCCH addressed to UE-specific RNTI (e.g. C-RNTI) can be used for contention resolution, which can assign PDSCH to include RRC RRCEarlyDataComplete or RRCConnectionRelease potentially with DL UP data to terminate the CBS PUR procedure, same way as PUR reception. Besides, as overhead reduction should be also considered as per WID, we see it is simple and straight-forward to reuse the efficient DL delivery for CP transmission using PUR. That is UE terminates CP PUR procedure if L1 ACK or the MAC PDU contains only TAC MAC CE is received. For example, when the UE determines to initiate CP transmission using CBS PUR, it will start to monitor UE-specific RNTI scrambled PDCCH for response. As long as the corresponding L1 ACK is received or MAC PDU consisting of only TAC MAC CE is received, the UE considers as if an empty RRCEarlyDataComplete is received and then ends the ongoing RRC procedure, as shown in Figure 5. 


Figure 5: CP transmission using CBS PUR
Observation 5: For efficient DL delivery in CP transmission using PUR, the UE considers as if an empty RRCEarlyDataComplete message is received when L1 ACK or MAC PDU with only TAC MAC CE is indicated. 
Proposal 8: After the initial UL transmission using contention-based shared PUR, UE starts a window for UE-specific response reception taking UE-eNB RTT into account. 
Proposal 9: For CP transmission using contention-based shared PUR, DPUR response for CP transmission is reused (e.g. the eNB sends L1 ACK or TAC MAC CE to acknowledge the initial UL transmission). 
3 Conclusion
In this contribution, we have provided our understanding of the use cases and considerations on the general procedure of EDT enhancements for IoT-NTN. And we made the following observations and proposals:
Use cases:
Observation 1: The use case of EDT or DPUR is small data transmission;
Observation 2: DPUR achieves higher power efficiency and lower latency by skipping Msg1 and Msg2, which is applicable to predictable periodic traffic data under low mobility case.
Observation 3: For scenarios where uplink transmission is needed for bursty data (e.g. emergency alarm) that is non-deterministic, it is beneficial to configure UE having valid TA to use contention-based shared PUR.
Observation 4: Valid TA maintenance is mandatory for PUSCH transmission for the sake of avoiding unnecessary interference and meeting transmit timing error requirements.
Proposal 1: Small data transmission via contention-based shared PUR is supported for Rel-19 IoT-NTN. 
Proposal 2: Earth-fixed cell is considered in priority for supporting contention-based shared PUR. 
Proposal 3: Contention-based shared PUR is applicable for CP or UP CIoT Optimization. 

CBS PUR configuration:
Proposal 4: The eNB indicates contention-based shared PUR configuration via SIB.
Proposal 5: Taking DPUR configuration structure as a reference for contention-based shared PUR configuration.   

Trigger conditions for using CBS PUR:
Proposal 6: The DPUR trigger conditions (including TA validation) can be considered as baseline for contention-based shared PUR with the additional condition of collision avoidance.

CBS PUR transmission:
Proposal 7: Reusing DPUR transmission procedure as baseline for the UL transmission using contention-based shared PUR.

Response reception:
Observation 5: For efficient DL delivery in CP transmission using PUR, the UE considers as if an empty RRCEarlyDataComplete message is received when L1 ACK or MAC PDU with only TAC MAC CE is indicated. 
Proposal 8: After the initial UL transmission using contention-based shared PUR, UE starts a window for UE-specific response reception taking UE-eNB RTT into account. 
Proposal 9: For CP transmission using contention-based shared PUR, DPUR response for CP transmission is reused (e.g. the eNB sends L1 ACK or TAC MAC CE to acknowledge the initial UL transmission). 
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