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1 Introduction 
In RAN2#125bis, the following initial agreements were made on Random Access:
Agreement

1 RAN2 confirms slotted-ALOHA is the baseline for Ambient IoT random access 

2 We will study the support for access triggering for a single device, group of devices, or all devices.    RAN2 to discuss the contention-based and contention-free access procedures and detailed solutions. 

3 Random Access is triggered by the reader 
4 Reader provides the information that the device needs to respond to the random access trigger.  FFS what those parameters are

5 Study the solution and benefits of both 2-step like random access procedure and 4-step like random access procedure.  FFS the details on each procedure and how we call it.  

6 Handling of contention resolution failure and access failure at the device will be studied in RAN2, including failure detection and re-access.  FFS details

7 For the very first access message from the device to reader in random access an ID is included.  RAN2 to discuss whether a temporary identifier is included, or the permanent device ID is included (considering other WGs input as well).   

In this contribution, we discuss terminology and definitions of the access procedure and outline the aspects that need to be studied by RAN2.
2 Discussion on General Aspects
In RAN2#125bis, we agreed on an initial triggering message for the inventory procedure, and that access can be triggered for a single device, group of devices, and all devices.  In AIOT, access is therefore defined as the procedure initiated by a device for responding to the initial triggering message by the reader that triggers either a single device, group of devices, or all devices.

Proposal 1:
AIOT Access is defined as the access procedure triggered by the initial trigger message that identifies a single device, group of devices, or all devices. 

In NR, contention-based and contention free 2-step and 4-step RACH procedures are supported. RAN2 agreed we will study all of these for AIOT.  However, what is meant by these procedures should be clarified as there are some significant differences with NR.

Contention-Based 4-step RACH procedure
In NR 4-step RACH, the contents and purpose of each message are as follows:
· MSG1: In NR, the UE transmits a preamble whose sequence and time/frequency resource is randomly selected to reduce the likelihood of collision.  Preambles may not be used in AIOT in the same way as NR.  Instead, the first message can contain actual information as all transmissions will be initiated with a preamble and sent asynchronously.  Similar to RFID, a random number can be sent in the message to reduce the likelihood of collision.  
· MSG2: In NR, MSG2 confirms the received preamble and additionally provides timing advance, a temporary C-RNTI, and a resource for MSG3 transmission. Timing advance is also not needed for AIOT due to the nature of AIOT transmissions. However, the random number transmitted by the device should be included to identify the device.  Furthermore, a device ID (e.g., a local ID) can be provided so that the reader can address the device more efficiently for subsequent command messages. The reader can provide the device ID if it knows it will access the device again later on.  Finally, the need for resource information requires more study in RAN1.
· MSG3: In both NR and RFID, the device transmits a PDU in the third message and the same can be done for AIOT. In RFID, the access procedure is completed at the third step.  However, a more robust approach would be to perform an additional contention resolution step as we do in NR.  This step could serve as both acknowledgement of the data by the reader, and contention resolution in the case two devices select the same random number in the first step. The device should therefore transmit an ID or value to serve as contention resolution identity.  RAN2 can further discuss what the ID should consist of, but it could be derived from the device’s static device ID or a previous local ID.  
· MSG4: Contention resolution is completed in the fourth step when the device should receive the same device ID which was transmitted in the third message.  In this case, the device determines the contention-based AIOT access is complete.
Based on the above, the contention-based 4-step AIOT access procedure is shown below.
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Figure 1. 4-step access procedure for AIOT
Proposal 2a:
Contention-based access procedure using 4-step RACH-like procedure consists of the following messages to achieve data transmission: 1) A first (D2R) message containing at least a random number selected by the device; 2) A second (R2D) message containing at least the received random number and potentially a local ID assigned by the reader (FFS on the need and format of any resource allocation information); 3) A third (D2R) message containing a data PDU.

Proposal 2b:
Contention-based access procedure using 4-step RACH-like procedure includes contention resolution which consist of: 1) Including a device ID in the third (D2R) message (FFS how to determine the ID); 2) A fourth (R2D) message containing at least device ID.   

Contention-Based 2-step RACH procedure
NR 2-step RACH procedure effectively combines MSG1 and MSG3 at the UE, and MSG2 and MSG4 at the gNB to achieve PDU/data transmission already in the first message.  Using similar evaluation as done above for 4-step RACH (e.g., no need for preamble, timing advance, etc), an analogous procedure for AIOT can be derived:
· (MSGA): The first message may contain the data PDU and device ID for collision resolution. The device ID can be determined in the same way as the 4-step.  
· (MSGB): The second message from the reader would contain the same contention resolution ID as received in MSGB.

[image: image2.emf]Reader

Initiation Message (device ID(s), configuration)

MSGA (device ID, data PDU)

AIOT Device

MSGB (device ID)


Figure 2. 2-step access procedure for AIOT
Proposal 3:
Contention-based access procedure using 2-step RACH like procedure consists of the following messages: 1) A first (D2R) message containing at least a data PDU and a device ID (FFS how to determine the ID); 2) A second (R2D) message containing at least the contention resolution ID.

Resource selection for access procedure
For transmission of the first message in AIOT access procedure in both contention-based 4-step and 2-step cases, the device can select the resource for the first message randomly among the configured access occasions and/or resources.  Alternatively, a deterministic resource selection may be used where the reader can further configure the access occasions applicable for a given device ID via an initial downlink message, such as the triggering message.  As discussed in our companion contribution [2], such approach may achieve better collision avoidance than random selection.
Proposal 4:
For the resource used for transmission of the first message in contention-based 4-step and 2-step AIOT access procedure, RAN2 studies both 1) random selection 2) deterministically defining the resources from the device ID.
Determining 2-step RACH or 4-step RACH

In NR, 2-step random access procedure is used to send the data PDU immediately in the first message (e.g., preamble and payload in MSGA). The advantage is to reduce latency and signalling overhead for data transmission. This same advantage is present in AIOT and can be considered even more important since AIOT transmissions can be considered as expensive because of the limited power of these devices. 
Observation 1:
2-step random access procedure in NR achieves reduced latency and signalling overhead compared to 4-step by transmitting the data PDU already in the first message. 

Observation 2:
Reduction of signaling overhead associated with 2-step access procedure can greatly benefit power-limited AIOT devices.

There is, however, a trade-off between performing 2-step access procedure and 4-step access procedure that is dependent on the success of the first message. When the chance of success is high, 2-step would be beneficial due to reduced signalling and associated power consumption for the device. However, when the probability of contention or decoding failure is high, additional overhead for re-access for the first message would be large because the first message size is large (i.e., it includes the data PDU).  In this case, performing 4-step access is better. 
Observation 3:
When the probability of failure of the first message is very low, 2-step procedure has benefits over 4-step, otherwise, 4-step becomes better.
In NR, selection between 2-step and 4-step is supported based on DL RSRP so as to avoid transmitting data in the first message in a less reliable way due to lack of timing advance.  For AIOT, failure of the first message containing data can be tied to other factors such as:  
- Transmit power and whether the device already responded to the reader or has some knowledge of what transmission settings are needed to reach the reader (This depends mostly on RAN1 discussion).
- Probability of collision. This can depend on how many devices are expected to transmit (e.g., access triggering for a single device, group of devices, or all devices) and number of configured access resources for random access. 
- Device type and capability. For example, 2-step can be used for devices that can perform power boosting and/or have capability to transmit larger messages reliably.
- Transmission size or MCS. For example, 2-step can be considered more reliable when the message size is small or encoded more robustly. 
Since the access procedure is triggered by the reader, the reader can determine whether 2-step or 4-step should be used and indicates this in the triggering message.  Alternatively, if the criteria can only be evaluated at the device (e.g., data size), the device can determine whether to use 2-step or 4-step or override the reader decision.
Proposal 5:

Device supports the selection between 2-step vs 4-step AIOT access procedures with the basic assumption that 2-step procedure is prioritized.

Proposal 6:
RAN2 studies reader-based and device-based criteria for selection between 2-step vs 4-step AIOT access procedure.
Power-ramping and retransmission
In NR random access procedure, re-transmission of the preamble is performed if the second message is not received. While performing the re-transmission, the power of the first message is calculated based on a pathloss and power ramping counter. 

Whether similar power-ramping or repetition for the first message in AIOT access procedure is supported will depend on RAN1 and may have impact on contention resolution failure handling discussions in RAN2.  
Proposal 7: 
RAN2 asks RAN1 to study whether power-ramping or repetition are required for AIOT access. Send an LS to RAN1.
Contention resolution failure
For contention-based random access, contention resolution failure may occur for a device. For example, after transmitting an identity via first message, if a different identity is received via second message, the device determines that the access procedure failed. In RFID-like access procedure, there is no handling for failed access. As a result, the devices that experience collisions do not get a chance to access and should wait until the next inventory round. In NR, on the other hand, a UE retries the preamble transmission with higher power for a maximum number of times.
To design a mechanism that is robust to random access failure, RAN2 should study solutions to failed contention resolution. As one of the solutions, a reader may configure or add more access occasions in an inventory round for retransmission by devices that failed in their initially selected round. Certain devices can also be prioritized in these additional occasions (e.g., to prioritize devices that have failed access several times, or based on energy level). Alternatively, the failed devices may be inventoried in the next round.
Proposal 8: 
When access failure is detected, RAN2 considers performing both re-access in the additional occasions or waiting for next inventory round. FFS conditions for each case.
Contention-Free RACH procedure
In NR, for contention-free access (e.g., 2-step or 4-step), dedicated preambles can be provided by the network for use in transmitting the first message. However, given that preambles may not be used for access procedure in AIOT, a device can simply receive a dedicated resource (e.g., at least access occasion in time and/or frequency) from a reader for contention-free access. The device can then transmit the data PDU immediately in the dedicated resource without contention resolution procedure. To ensure reliable transmission, an acknowledgement message from the reader may be needed.
Proposal 9:
Contention-free access procedure can be achieved with a single data transmission by the device on a dedicated resource followed by a reader acknowledgement. 
Proposal 10:
The resource used for transmission of the message in contention-free AIOT access procedure is determined from information in the triggering message.  

3 Conclusion
In this contribution, the following observations were made on random access procedure:
Observation 1:
2-step random access procedure in NR achieves reduced latency and signalling overhead compared to 4-step by transmitting the data PDU already in the first message. 

Observation 2:
Reduction of signaling overhead associated with 2-step access procedure can greatly benefit power-limited AIOT devices.

Observation 3:
When the probability of failure of the first message is very low, 2-step procedure has benefits over 4-step, otherwise, 4-step becomes better.
Based on these observations, the following conclusions were made:

Proposal 1:
AIOT Access is defined as the access procedure triggered by the initial trigger message that identifies a single device, group of devices, or all devices. 

Proposal 2a:
Contention-based access procedure using 4-step RACH-like procedure consists of the following messages to achieve data transmission: 1) A first (D2R) message containing at least a random number selected by the device; 2) A second (R2D) message containing at least the received random number and potentially a local ID assigned by the reader (FFS on the need and format of any resource allocation information); 3) A third (D2R) message containing a data PDU.

Proposal 2b:
Contention-based access procedure using 4-step RACH-like procedure includes contention resolution which consist of: 1) Including a device ID in the third (D2R) message (FFS how to determine the ID); 2) A fourth (R2D) message containing at least device ID.   

Proposal 3:
Contention-based access procedure using 2-step RACH like procedure consists of the following messages: 1) A first (D2R) message containing at least a data PDU and a device ID (FFS how to determine the ID); 2) A second (R2D) message containing at least the contention resolution ID.

Proposal 4:
For the resource used for transmission of the first message in contention-based 4-step and 2-step AIOT access procedure, RAN2 studies both 1) random selection 2) deterministically defining the resources from the device ID.
Proposal 5:

Device supports the selection between 2-step vs 4-step AIOT access procedures with the basic assumption that 2-step procedure is prioritized.

Proposal 6:
RAN2 studies reader-based and device-based criteria for selection between 2-step vs 4-step AIOT access procedure.
Proposal 7: 
RAN2 asks RAN1 to study whether power-ramping or repetition are required for AIOT access. Send an LS to RAN1.
Proposal 8: 
When access failure is detected, RAN2 considers performing both re-access in the additional occasions or waiting for next inventory round. FFS conditions for each case.
Proposal 9:
Contention-free access procedure can be achieved with a single data transmission by the device on a dedicated resource followed by a reader acknowledgement. 

Proposal 10:
The resource used for transmission of the message in contention-free AIOT access procedure is determined from information in the triggering message.  
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