3GPP RAN WG2 Meeting #125bis 
R2-2402394
Changsha, China, April 15th – 19th, 2024
Agenda Item:
8.2.3.2 
Source:
InterDigital Inc.
Title:
         User Plane Aspects for Ambient IOT
Document for:
Discussion, Decision 
1 Introduction 
A study item on Ambient IOT was agreed for Rel-19.  As part of the scope of the study item, RAN2 is tasked with determining a set of functions and procedures for L2, as well as a compact protocol stack [1]:

Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
· RAN2-led:
· Study and decide which functions are needed for an Ambient IoT compact protocol stack and lightweight signalling procedure to enable DO-DTT and DT data transmission, and study those functions.
For example:
· Paging

· Random access

· Data transmission, including necessary radio resource control aspects, respecting the limitation in the General Scope 

· Interactions with upper layers

For functionalities not listed above, they are studied only if found essential.

In this contribution, we discuss user plane aspects of Ambient IOT, including the QoS framework and a user plane protocol stack that meets the requirements of AIOT devices.
2 Discussion on User Plane 
2.1 QoS Framework
QoS framework in NR is based on QoS flows.  A QoS flow is associated with QoS parameters which includes the 5QI.  The 5QI covers a wide range of QoS from URLLC to eMBB traffic types.  QoS flows are then mapped to bearers by the SDAP layer to allow the AS layer to provide QoS differentiation for the flows at the AS layer.
The main use cases for Ambient IOT in Rel19 are inventory and command.  In such use cases, the latency of acquiring inventory information from a device, or to modify the behaviour of a device through a command operation is of secondary importance.  It is also expected that the data rates to be supported are quite small, given the limited storage of such devices.  Finally, there seems little motivation to differentiate between inventory information and data associated with the same or different devices, other than potentially the time since the last successful inventory of a device was made.  For these reasons, the normal UE QoS modelling may not be necessary for AIOT and removing it altogether may reduce unnecessary device complexity. 
Proposal 1:
QoS flow modelling is not applied to Ambient IOT in Rel19.  All data is assumed to be associated with the same QoS.
Proposal 2:
SDAP layer is not defined for Ambient IOT devices in Rel19.

Whether differentiation at the AS layer is needed for Ambient IOT is therefore also questionable.  A given device will likely interact only with a single reader.  Furthermore, it is assumed that reader will not initiate multiple sessions in parallel.  Each session will consist of a sequence of commands or of an inventory procedure that should be performed in sequence.  Therefore, we can assume there will be no QoS differentiation needed between different AIOT commands, and therefore between different data from the upper layers.
Proposal 3:
Ambient IOT data from upper layers (commands + data) are carried by a single data bearer/logical channel.

2.2 User Plane Protocol Stack

PDCP
The main functions of PDCP layer in NR is to provide security and IP header compression.  Since AIOT traffic does not consist of IP data, header compression is not needed.  Regarding security, if SA3 confirms that security can be handled at the application layer, PDCP layer would be unnecessary for AIOT.  Alternatively, a simplified PDCP that uses token-based security can be envisioned.
Proposal 4:
Header compression is not supported in PDCP.  Wait for SA3 response on the need for AS layer security to decide whether PDCP layer is supported.
RLC
RLC in NR supports segmentation and error correction through ARQ.  RLC segmentation is needed for large packet sizes and seems not essential for AIOT traffic.  Furthermore, the need for ARQ for AIOT is also questionable.  In essence, if sufficient reliability is achieved by repetitions at the lower layer (PHY and/or MAC), the lower data rates expected in AIOT compared to normal NR may make ARQ unnecessary.
Proposal 5:
RLC Layer is not supported in Ambient IOT.

MAC
MAC layer in NR supports a number of functions in NR, including transport block creation, HARQ, LCP, reporting of scheduling information, and DRX.  Based on simplifications made in layers above the MAC, it is also expected that the MAC layer for AIOT will be simplified compared to NR MAC.

For one, the SI description already rules out the use of HARQ in order to simplify AIOT devices and avoid power consumption associated with ACK/NACK signalling.  To achieve some minimum amount of reliability without HARQ, AIOT can instead rely on blind retransmissions.  Such blind retransmissions, for example, would be needed to extend coverage for devices which have limited transmit power or limited stored energy, or for devices which do not support power boosting.  Whether repetition is supported exclusively in the PHY layer or has some MAC layer impact would require further discussion in RAN1.     
Proposal 6:
HARQ is not supported in Ambient IOT.  Support of “blind” retransmissions at the MAC layer may be considered, pending further RAN1 discussion.

NR LCP procedure is used in TB creation to ensure proper prioritization between logical channels up to a prioritized bit rate per logical channel.  In a simplified user plane architecture with only a single logical channel for data, legacy LCP is not required.  However, new rules may be required for TB creation that are specific to ambient IOT.  Specifically, there may be a need to ensure that an application layer command and any of its associated data is included in the same TB.  Depending on assumptions of how commands and data are received from upper layers, this may imply some impacts to the MAC layer.  Furthermore, if a separate logical channel is agreed for RRC messaging, how data from the DRB and the SRB(s) is multiplexed also needs discission.      
Proposal 7:
Legacy LCP is not applicable for Ambient IOT based on the assumption of a single LCH for data.  RAN2 studies new rules for TB creation specific to Ambient IOT.

MAC layer in NR provides scheduling information to the network using SR and BSR.  SR is used in the case the UE has data available for transmission without any resources to provide the network with BSR or to send the data.  For DO-DTT and DT cases, it would seem unnecessary to support a UE triggered indication of data.
However, it may still be useful for the device to provide some information about the amount of data available for transmission is a BSR-like message.  For example, it may be possible that transmission by the device is limited to either the size of a granted resource, or to some maximum time duration that could be based on the device’s stored energy.  If the device is unable to include all the data that needs to be transmitted within the TB in such cases, notifying the network and/or the reader would be useful.  Legacy BSR could be used in this case, although simplifications in the format of the MAC CE could be envisioned to remove the notion of multiple LCGs.  Alternatively, buffer status can be simplified to provide only an indication that the UE was unable to transmit (e.g., due to lack of energy), and/or additional grants are needed.
Proposal 8:
SR is not supported, at least for DO-DTT and DT.

Proposal 9:
RAN2 studies enhancements and/or simplifications to BSR specific to Ambient IOT.  

NR MAC supports DRX for power savings.  Legacy DRX is based on a periodic pattern of on duration, as well as monitoring of PDCCH activity (i.e., for extending the on duration by an inactivity timer).  While some basic timer support is possible for AIOT devices, the difficulty in supporting legacy DRX will be in the lack of synchronization to slot or frame boundaries for such devices.  In addition, RAN1 has already excluded defining PDCCH for the A-Uu interface.
While legacy DRX is not possible, power consumption at the device is still important and methods for power reduction should be studied.  Furthermore, depending on RAN1 discussion, MAC layer may need to define distinct periods of inactivity at the device that are needed for charging purposes.  These periods could look very similar to DRX, whereby the ambient IOT device may use the off periods to perform charging.  RAN2 can study the definition of distinct activity periods in conjunction with RAN1.  

Proposal 10:
RAN2 studies the need for distinct periods of activity/inactivity at the device and how to implement them considering lack of slot/frame synchronization.  RAN2 coordinates such study with RAN1 discussion.
Overall Protocol Stack

Based on the discussion above, the below protocol stack can be a baseline for topology 1 AIOT.

Proposal 11:
RAN2 assumes the user plane protocol stack in the figure below is the baseline for further study in Rel19 for Topology 1.
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3 Conclusion
In this contribution, the following conclusions were made on user plane aspects of Ambient IOT: 
Proposal 1:
QoS flow modelling is not applied to Ambient IOT in Rel19.  All data is assumed to be associated with the same QoS.

Proposal 2:
SDAP layer is not defined for Ambient IOT devices in Rel19.

Proposal 3:
Ambient IOT data from upper layers (commands + data) are carried by a single data bearer/logical channel.

Proposal 4:
Header compression is not supported in PDCP.  Wait for SA3 response on the need for AS layer security to decide whether PDCP layer is supported.

Proposal 5:
RLC Layer is not supported in Ambient IOT.

Proposal 6:
HARQ is not supported in Ambient IOT.  Support of “blind” retransmissions at the MAC layer may be considered, pending further RAN1 discussion.

Proposal 7:
Legacy LCP is not applicable for Ambient IOT based on the assumption of a single LCH for data.  RAN2 studies new rules for TB creation specific to Ambient IOT.

Proposal 8:
SR is not supported, at least for DO-DTT and DT.

Proposal 9:
RAN2 studies enhancements and/or simplifications to BSR specific to Ambient IOT.  

Proposal 10:
RAN2 studies the need for distinct periods of activity/inactivity at the device and how to implement them considering lack of slot/frame synchronization.  RAN2 coordinates such study with RAN1 discussion.

Proposal 11:
RAN2 assumes the user plane protocol stack in the figure below is the baseline for further study in Rel19 for Topology 1.
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