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1. Introduction 
RAN WID [1] has following objective for the EDT enhancements.
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 RAN2#125bis, some initial scoping of the objective has been done.
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

It is to note that the scope of this objective is to have none to minimal core network impact with full eNB on board. In this document, we provide some challenges related to the solutions, which need to be discussed. 
2. Discussion 
1. First objective
The first objective of the EDT enhancement is mainly enhancement of the random-access procedure as existing preamble transmission and RAR reception is not efficient, i.e., collision is detected by UE only after reception of Msg4 and restarting whole RACH procedure is too costly in NTN due to very long RTT. The example of enhancement includes Msg3 transmission without msg1/ Random Access Response (RAR). This enhancement is even more relevant in NTN, since the UEs are GNSS capable (i.e., they know their own location before accessing the NTN cell), and they know the satellite’s location (from the ephemeris information broadcasted in SIB). As a result, these NTN UEs have a valid timing advance from these two quantities (UE’s location and satellite’s location), and a PRACH preamble transmission is not strictly required. 
Currently EDT is a four-step random access procedure, i.e., EDT specific Msg1, RAR, RRCEarlyDataRequest message (Msg3) and RRCEarlyDataComplete message (Msg4). In our understanding the objective is to reduce the EDT procedure from 4 steps to 2 steps, i.e., UE directly transmitting RRCEarlyDataRequest message (Msg3) and receiving RRCEarlyDataComplete message (Msg4). And this is without Msg1. i.e., preamble, therefore, it is not 2 step RACH procedure.


Figure 1 An example of EDT without Msg1 and RAR
As shown in figure 1, this can be interpreted as combination of EDT and PUR. However, PUR configuration is UE specific and will not work once a satellite moves out and a new satellite comes in the service. Therefore, it could be considered as RACH-less EDT and a common PUSCH resource can be provided via SIB. Similar to configuring UEs to randomly selecting a PRACH resource (or preamble) based on coverage enhancement (CE) level to reduce the collision rate, a resource of PUSCH resources can be considered where a UE can select a random resource based on current CE level.
[bookmark: _Toc162444978][bookmark: _Toc163116728][bookmark: _Toc163119275][bookmark: _Toc163140361][bookmark: _Toc163140918][bookmark: _Toc163157479][bookmark: _Toc165974971][bookmark: _Toc165975007][bookmark: _Toc165975239][bookmark: _Toc166005175][bookmark: _Toc166169111][bookmark: _Toc166169352]For the first objective, the enhancement of Msg3 (RRC connection request/UL data) transmission over contention-based common PUSCH resource is considered. 
[bookmark: _Toc165974972][bookmark: _Toc165975008][bookmark: _Toc165975240][bookmark: _Toc166005176][bookmark: _Toc166169112][bookmark: _Toc166169353]Similar to PRACH resource pool, a pool of contention-based common PUSCH resources per CE level is considered.
[bookmark: _Toc163116730]Initiating procedure
Currently EDT and PUR have different sections for initiating procedure. However, same as EDT, the contention-based common PUSCH resource needs to be cell specific and needs to be provided per CE level. Similar to EDT, multiple TBS concept of EDT can also be considered as UEs may have different size of small UL data transmissions. It is also simple to consider the UL data transmission to be considered as EDT session from higher layer perspective to minimize the impact to other working groups such as SA2 and CT1.
Though this new procedure can have a separate section, the UL data transmission initiating procedure can be same as the EDT initiating procedure. Currently EDT initiating procedure does not allow mo-signaling and mo-VoiceCall, we think same as in NR, the mo-signaling should be allowed, i.e., UE can also send TAU update message via RACH-less EDT. The EDT procedure can be initiated for a voice call and network can bring the UE in RRC_CONNECTED. Therefore, the mo-VoiceCall can also be allowed.
[bookmark: _Toc165974973][bookmark: _Toc165975009][bookmark: _Toc165975241][bookmark: _Toc166005177][bookmark: _Toc166169113][bookmark: _Toc166169354]The RACH-less EDT establishment cause can be mo-Data or mo-Signalling or mo-ExceptionData or delayTolerantAccess or mo-VoiceCall. 
RNTI and contention resolution
In legacy EDT (with Msg1 and RAR), after transmitting the preamble, the UE monitors RA-RNTI to receive the RAR. Since there will be no RAR, hence there will be no such RA-RNTI. However, in line with a similar mechanism as RA-RNTI, a new RNTI would be needed for UEs to monitor the response of the Msg3 transmission over the contention-based common PUSCH resource. RAN1 is also discussing OCC mechanism which can also be considered as orthogonal resource. We can also consider a new RNTI to be derived from the time/frequency/OCC resource of the contention-based common PUSCH resource occasion where Msg3 transmission occurs.
[bookmark: _Toc165974974][bookmark: _Toc165975010][bookmark: _Toc165975242][bookmark: _Toc166005178][bookmark: _Toc166169114][bookmark: _Toc166169355]A new RNTI to monitor response is derived from the resource of the contention-based common PUSCH occasion where Msg3 transmission occurs.
Since the resource will be common, there will be chance that one or more UEs select the same PUSCH resource and collision occurs. The collision can still be handled in the same existing way, i.e., by the use of contention resolution timer and contention resolution MAC CE in Msg4.
[bookmark: _Toc162444979][bookmark: _Toc163116729][bookmark: _Toc163119276][bookmark: _Toc163140362][bookmark: _Toc163140919][bookmark: _Toc163157480][bookmark: _Toc165974975][bookmark: _Toc165975011][bookmark: _Toc165975243][bookmark: _Toc166005179][bookmark: _Toc166169115][bookmark: _Toc166169356]For the first objective, confirm that, for Msg4, existing contention resolution procedure can be used, i.e., contention resolution timer and contention resolution MAC CE.
Contention Resolution Diversity Slotted Aloha (CRDSA)
[bookmark: _Toc163116731]Current random-access procedures in 3GPP can be seen as a form of slotted Aloha: if two users choose the same preamble (or NPUSCH resource, for the objective under discussion), at most one of the UE’s Msg3 (PUSCH) will be successful and, in most cases, both UE’s Msg3 will fail the random-access attempt due to a collision. If we want to design a system targeting a small probability of collision, the random-access resources need to be dimensioned with a very large margin - for example, for a probability of collision of 1%, the random-access resources need to be approximately 100x larger than the expected arrival rate. Equivalently, for a probability of collision of 1%, 99% of the resources will remain unused.
[bookmark: _Toc163116732]Modern satellite communication systems incorporate improved random-access techniques that allow for a more efficient utilization of the random-access resources while keeping a low probability of collisions/errors. For instance, DVB-RCS2 incorporates Contention Resolution Diversity Slotted Aloha (CRDSA) [2, Section 7.2.5.2.2], and S-band Mobile Interactive Multimedia (S-MIM) incorporates Spread Spectrum Aloha (SSA) [3]. These techniques outperform basic slotted Aloha, e.g., in terms of supporting a larger traffic arrival rate at a given collision probability, as shown in [4-6]. This directly translates to improved system capacity (in terms of the number of UEs that can simultaneously be supported in the uplink over a given set of resources). In NTN—especially NB-IoT over NTN, where spectrum (frequency resources) is scarce and expensive, such techniques are pivotal for an efficient design (and specification) of “RACH-less EDT” (Msg3 transmission without msg1).
[bookmark: _Toc163116733]Observation 1: Enhanced random-access techniques such as CRDSA would better utilize available uplink resources and improve uplink capacity, vis-à-vis basic slotted ALOHA-based access techniques.
[bookmark: _Toc163116734][bookmark: _Toc163116735]These enhanced random-access techniques should be considered an integral component of the design and specification for “Msg3 transmission without msg1”. Therefore, RAN2 should consider introducing some enhancements to the random-access procedure such that 3GPP technology remains competitive with state-of-the-art satellite standards.

[bookmark: _Toc163116736][bookmark: _Toc163119277][bookmark: _Toc163140363][bookmark: _Toc163140920][bookmark: _Toc163157481][bookmark: _Toc165974976][bookmark: _Toc165975012][bookmark: _Toc165975244][bookmark: _Toc166005180][bookmark: _Toc166169116][bookmark: _Toc166169357]For the first objective, RAN2 to study enhanced random access techniques, such as Contention Resolution Diversity Slotted Aloha (CRDSA), for improved random-access performance of msg3 transmission without NPRACH.
2. Second objective
The second objective of the EDT enhancement is to reduce the congestion/overhead for transmission of Msg4 to several UEs. For example, many UEs may initiate EDT and network may exhaust the PDCCH or PDSCH resources while scheduling Msg4 (which comprises a PDCCH and at least one PDSCH) to each individual UE. There may be cases where network may not have any downlink response data and network would need to schedule Msg4 just including RRCEarlyDataComplete message (without DL NAS PDU) and contention resolution MAC CE of multiple UEs. 
Instead of sending individual Msg4’s in such instances, a “multiplexed Msg4” to several UEs may be considered. An example procedure where multiplexed transmissions to several UEs using a single PDSCH are performed exists in case of Random-Access response. As shown in figure 2, network can schedule multiple RARs in a single MAC PDU.



Figure 2 TS 36.321 Figure 6.1.5-4: Example of MAC PDU consisting of a MAC header and MAC RARs
In this case there could be several possible options for the enhancements, some examples being:
· Reusing a PUR-like L1 ACK procedure
· The L1 ACK may also be used to resolve contention between UEs
· The L1 ACK can move UE back to RRC_IDLE
· Reusing concept of RAR-like multiplexing (e.g., of multiple users RAPIDs in a single RAR)
· A single PDU can multiplex contention resolution MAC CEs (or Msg4) of more than one UE.
· Others such as existing Multi-TB scheduling for Msg4 could also be studied for multi-user scenario.
The second objective can be on the top of existing 4 steps EDT procedure as shown in figure 3, or applicable for the case of RACH-less EDT as described for the first objective.
[bookmark: _Toc162444981][bookmark: _Toc163116738][bookmark: _Toc163119279][bookmark: _Toc163140364][bookmark: _Toc163140921][bookmark: _Toc163157482][bookmark: _Toc165974977][bookmark: _Toc165975013][bookmark: _Toc165975245][bookmark: _Toc166005181][bookmark: _Toc162444980][bookmark: _Toc163116737][bookmark: _Toc163119278][bookmark: _Toc166169117][bookmark: _Toc166169358]For the second objective, a PUR-like L1 ACK concept, as a response to the EDT transmission, can be considered.
[bookmark: _Toc163140365][bookmark: _Toc163140922][bookmark: _Toc163157483][bookmark: _Toc165974978][bookmark: _Toc165975014][bookmark: _Toc165975246][bookmark: _Toc166005182][bookmark: _Toc166169118][bookmark: _Toc166169359]For the second objective, multicast Msg4 (multi-user Msg4 multiplexing) or multiple Msg4 scheduled by a single DCI (as in multi-TB Msg4 scheduling) can be studied as a solution.


Figure 3 Msg4 enhancement for EDT
3. Conclusion
Following proposals are made:
Proposal 1	For the first objective, the enhancement of Msg3 (RRC connection request/UL data) transmission over contention-based common PUSCH resource is considered.
Proposal 2	Similar to PRACH resource pool, a pool of contention-based common PUSCH resources per CE level is considered.
Proposal 3	The RACH-less EDT establishment cause can be mo-Data or mo-Signalling or mo-ExceptionData or delayTolerantAccess or mo-VoiceCall.
Proposal 4	A new RNTI to monitor response is derived from the resource of the contention-based common PUSCH occasion where Msg3 transmission occurs.
Proposal 5	For the first objective, confirm that, for Msg4, existing contention resolution procedure can be used, i.e., contention resolution timer and contention resolution MAC CE.
Proposal 6	For the first objective, RAN2 to study enhanced random access techniques, such as Contention Resolution Diversity Slotted Aloha (CRDSA), for improved random-access performance of msg3 transmission without NPRACH.
Proposal 7	For the second objective, a PUR-like L1 ACK concept, as a response to the EDT transmission, can be considered.
Proposal 8	For the second objective, multicast Msg4 (multi-user Msg4 multiplexing) or multiple Msg4 scheduled by a single DCI (as in multi-TB Msg4 scheduling) can be studied as a solution.
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