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1 Introduction
In the new WID of IoT-NTN [1], reducing the necessary Uplink and Downlink signaling for EDT procedure can be discussed in Rel-19 as below:
	The aim of this WI is enhancement of IoT-NTN with the following objectives:
· 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 Early Data Transmission (EDT) transaction [RAN2]:
· Msg3 transmission without msg1/ Random Access Response (RAR)
· Efficient delivery (reduced overhead) of msg4 / RRCEarlyDataComplete


In the last RAN2 meeting [2], regarding the scope of EDT enhancements, some clarifications were agreed as below.
	Agreements:
1. Both NB-IoT and eMTC are within scope of uplink capacity enhancements
2. Both C-plane and U-plane solutions are within scope of uplink capacity enhancements.
3. Only CIoT EPS is within scope of uplink capacity enhancements


In this contribution, we will discuss the enhanced EDT procedure based on the agreed scope and provide our views.
2 Discussion
2.1 Overall procedure
In the current specification [3], EDT procedure includes the following four steps for UE and eNB:
· Step 1: random access preamble transmission
· Step 2: RAR reception 
· Step 3: Msg3 transmission (CCCH Message and/or UL data))
· Step 4a: PDCCH Msg4 reception 
· Step 4b: PDSCH Msg4 reception
According to the WID, step 1 and step2 can be removed. Then a more efficient Early Data Transmission transaction is going to be implemented by one UL message with UL data and DL message for acknowledgement with possible DL data. The possible procedure for CP&UP is shown as in Figure 1a and 1b:


Moreover, the enhanced EDT procedure, which aims to fit less predictable traffic patterns and to have more applicability in practice, do not require a previous configuration dedicated for each UE. Therefore, a new contention-based procedure using shared PUSCH resource like random access procedure should be considered.
[bookmark: _Toc162879548][bookmark: _Toc162883290][bookmark: _Toc162884692][bookmark: _Toc163045726][bookmark: _Toc163045760][bookmark: _Toc166170794][bookmark: _Toc166170835]Enhanced EDT could be a contention-based procedure using shared PUSCH resource.
2.2 Conditions for initiating enhanced EDT
For the initiation of enhanced EDT, at least following aspects should be considered:
Resource aspect: 
· The UE has a valid pre-configured PUSCH resource for the serving cell
· For CP transmission using pre-configured PUSCH resource, the size of the resulting MAC PDU including the total UL data is expected to be smaller than or equal to the configured TBS
TA validation aspect
· UE should have a valid timing alignment value
Regarding the evaluation of TA validation, in legacy PUR, it is done by RSRP change threshold. In IoT-NTN, the network broadcasts valid ephemeris information and Common TA parameters. The UE may calculate RTT between the UE and the RP based on GNSS position, the ephemeris and the common TA parameters. And then it autonomously pre-compensate the TA for the RTT between UE and the RP. For enhanced EDT, the UE may perform PUSCH transmission based on the pre-compensated TA. However, the accuracy needs to be evaluated by RAN1/RAN4 in order to avoid the interference to other UEs.
[bookmark: _Toc166170793][bookmark: _Toc166170834]The difference between evaluation of TA validity in TN and NTN is the TA self-compensation.
[bookmark: _Toc166170795][bookmark: _Toc166170836]RAN2 to send LS to RAN1/RAN4 to check whether the pre-compensated TA by UE is enough to transmit PUSCH with shared resource.
2.3 Enhanced EDT resources
As we mentioned above, the resource for enhanced EDT should be contention-based, i.e., preconfigured PUSCH resource should be configured for each cell and shared by multiple UEs.
For resource configuration, like in EDT, UE’s coverage levels should be supported. Besides, considering multi-carrier operation is supported in NB-IoT, PUSCH resource provided by anchor carrier and different non-anchor carriers should also be considered.
[bookmark: _Toc162879553][bookmark: _Toc162883295][bookmark: _Toc162884697][bookmark: _Toc163045731][bookmark: _Toc163045765][bookmark: _Toc166170796][bookmark: _Toc166170837]Introduce contention-based PUSCH resources for different coverage levels and different carriers. 
[bookmark: _Toc162879554][bookmark: _Toc162883296][bookmark: _Toc162884698][bookmark: _Toc163045732][bookmark: _Toc163045766][bookmark: _Toc166170797][bookmark: _Toc166170838]UE selects among PUSCH resources provided by anchor or non-anchor carriers corresponding to the UE’s coverage level. 
Another issue is whether one enhanced EDT PUSCH resource associate to UE’s coverage level and a single carrier is mapping as one resource or multiple resources (e.g., a resource pool). In such cases, other than coverage level and carrier, finer granularity of resource configurations considering subcarrier level or OCC level may be needed.
[bookmark: _Toc162879555][bookmark: _Toc162883297][bookmark: _Toc162884699][bookmark: _Toc163045733][bookmark: _Toc163045767][bookmark: _Toc166170798][bookmark: _Toc166170839]RAN2 to discuss finer granularity of resource configurations considering subcarrier level or OCC level besides coverage level and carrier level.
2.4 Contention resolution
After the first UL message is transmitted, UE needs to determine whether the transmission using enhanced EDT is successful or not by the contention resolution during a configured time window. For legacy EDT procedure, RA-RNTI and preamble can identify a group of UEs in Msg2, and then contention resolution Id is used to further identify each UE. For PUR, a PUR-RNTI can be configured for each UE with PUR resource. 
· RNTI: A new RNTI for enhanced EDT procedure may be introduced, and the following two options are considered
-	Option 1: A pre-configured RNTI for UE using enhanced EDT 
-	Option 2: RNTI is calculated by UE
· Contention resolution window: Contention resolution timer should be introduced and corresponding UE behaviors to start and stop the timer are also need to be considered.
· Contention resolution ID: if RNTI is calculated based on PUSCH resource, contention resolution ID is needed. Then, the current 48 bits contention resolution ID may be reused.
[bookmark: _Toc162879556][bookmark: _Toc162883298][bookmark: _Toc162884700][bookmark: _Toc163045734][bookmark: _Toc163045768][bookmark: _Toc166170799][bookmark: _Toc166170840]Regarding RNTI, two options can be considered:
· [bookmark: _Toc163045769][bookmark: _Toc166170800][bookmark: _Toc166170841]Option 1: A pre-configured RNTI for UE using enhanced EDT
· [bookmark: _Toc163045770][bookmark: _Toc166170801][bookmark: _Toc166170842]Option 2: A new RNTI calculated by UE
[bookmark: _Toc162879557][bookmark: _Toc162883299][bookmark: _Toc162884701][bookmark: _Toc163045735][bookmark: _Toc163045771][bookmark: _Toc166170802][bookmark: _Toc166170843]Introduce contention resolution timer to receive the DL message.
2.5 Other aspect for dedicated PUR
For more predictable traffic pattern, dedicated PUR (legacy Preconfigured Uplink Resource) has been introduced from Rel16, and PUR could be used together with EDT and allow UE to skip Msg1/Msg2 steps if the UE has valid TA and the RSRP has not changed more than threshold. This seems perfectly fit the objective of transmitting msg3/small data without msg 1 and msg2 and improve the efficiency.
Considering PUR applicability in IOT NTN:
· PUR configuration will become invalid once the camping cell changes, this would happen very frequently in NGSO system. Even though, by introducing satellite switch with re-synchronization will be helpful since UE will consider the camping cell is unchanged during satellite switch, and PUR configuration is still valid. However satellite switch with re-sync could not always be possible. Specifically, with regenerative mode or discontinuous coverage, satellite switch with re-sync become impossible. So if we study solution to make PUR still valid in a cell other than the cell configured it, this will largely increase the applicability of PUR in NTN system.
· Same as contention-based EDT, we would need to consider TA validity based on self-compensation 
· [bookmark: _GoBack]Same as contention-based EDT, RSRP condition should be studied too. 
[bookmark: _Toc166170803][bookmark: _Toc166170844]Proposal 8: Study solutions to make dedicated PUR configuration applicable in cells other than the cell that configured it
3 Conclusion
This contribution provides our analysis and views for the enhanced EDT, the following observations and proposals are listed below:
Observation 1:	The difference between evaluation of TA validity in TN and NTN is the TA self-compensation.

Proposal 1:	Enhanced EDT could be a contention-based procedure using shared PUSCH resource.
Proposal 2:	RAN2 to send LS to RAN1/RAN4 to check whether the pre-compensated TA by UE is enough to transmit PUSCH with shared resource.
Proposal 3:	Introduce contention-based PUSCH resources for different coverage levels and different carriers.
Proposal 4:	UE selects among PUSCH resources provided by anchor or non-anchor carriers corresponding to the UE’s coverage level.
Proposal 5:	RAN2 to discuss finer granularity of resource configurations considering subcarrier level or OCC level besides coverage level and carrier level.
Proposal 6:	Regarding RNTI, two options can be considered:
-	Option 1: A pre-configured RNTI for UE using enhanced EDT
-	Option 2: A new RNTI calculated by UE
Proposal 7:	Introduce contention resolution timer to receive the DL message.
Proposal 8:	Study solutions to make dedicated PUR configuration applicable in cells other than the cell that configured it.
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