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1. Introduction 
In this paper, we discuss aspects related to architecture and protocol stack for Ambient IoT (AIoT).
2. Discussion
2.1 General
As captured in TR 38.848, in Topology 1 (T1), the Ambient IoT device can directly and bidirectionally communicate with a base station.
[image: A black background with a tower and a black background

Description automatically generated with medium confidence]
Figure 1: Topology 1
In Topology 2 (T2), the Ambient IoT device can communicate bidirectionally with an intermediate node (can only be a UE as per Rel-19 SID) between the device and base station. 
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Figure 2: Topology 2
Further variants of T2 e.g., the intermediate node being a relay, IAB node, UE, repeater which are capable of Ambient IoT were also considered but was not eventually considered in Rel-19 SID.
Further, the TR 38.848 and the SID implies that the Topology 1 is a BS-based reader and Topology 2 is UE-based reader, even though these terminologies and “Reader” in general are not officially defined.

Observation 1: The Reader functionality is co-located with a BS in case of Topology 1 whereas the Reader functionality is co-located with a UE in case of Topology 2

Further according to SID, the overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT. 

To achieve a harmonized design for different topologies, we think that the AIoT operations between the AIoT device and the Reader should be topology-agnostic i.e., transparent to the topology used for the AIoT device communication.

Observation 2: One of the objectives of the SID is to achieve a harmonized design (with minimal differences if necessary) for the Ambient IoT device irrespective of Topology 1 and Topology 2

Proposal 1: Communication between the AIoT device and the Reader should be topology-agnostic, i.e. transparent to the topology used for the AIoT device communication.
2.2 Depicting the Reader functionality

Further, RAN3 should discuss how to depict the Reader functionality as this will dictate how we define the procedures and protocol stack. We see two options:
· Option 1: Depict the Reader as a BS functionality (for T1) and UE functionality (for T2)
· Option 2: Depict the Reader as separate logical entity

Here Ua is used to depict the air interface used by the AIoT device.
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We think Option 2 is more appropriate as in this way we abstract out the Reader functionalities to a separate logical entity and we can define requirements for the Reader in general without considering T1 and T2 separately. 

Observation 3: Depicting the Reader as an BS functionality (in case of T1) and a UE functionality (in case of T2) is inefficient because it would result in duplicate specification efforts in defining procedures and protocol stack for T1 and T2 separately and possibly fragmented solutions. 

[bookmark: _Hlk163115229]Proposal 2: Define a single logical entity “Reader” that can depict the Reader functionality for both T1 and T2. This logical entity can be collocated with the BS in case of T1 and with UE in case of T2.
 
2.3 Protocol stack of Reader

As per the current discussion in SA2, there seems to be a common theme among the solutions captured so far that there might be a new AIoT network function (lets' call it AIoT controller) that would be responsible for communicating AIoT related signaling (e.g., inventory/command) to the Reader. 

RAN3 therefore needs to discuss the interaction between the Reader and AIoT controller. Before that, RAN3 should discuss the Reader’s architecture and protocol stack (e.g., whether it uses a point-to-point interface or Service-based interfaces), whether there is involvement of AMF in the communication between Reader and AIoT controller, the application and transport protocol to be used for the communication between the Reader and the AIoT controller.

Observation 4: Solutions captured so far in SA2 TR refers to a new AIoT network function (we refer it in this paper as AIoT controller) that is responsible for communicating AIoT related signaling (e.g., inventory/command) with the Reader.

Proposal 3: RAN3 should define the Reader’s protocol stack and the protocols used for communication between the Reader and the AIoT controller.

In our view, Reader should support an SBI protocol stack (as defined in TS 29.500) to communicate with the AIoT controller. We think 3GPP should enable the Reader to support such an SBI protocol stack rather than using the traditional point-to-point interfaces (as used by NG-RAN) because the SBI protocol stack is more cloud native developer friendly, RAT agnostic and can leverage the benefits of an SBA.

Further, we don’t think we should be restricted to the constraints and assumptions of the legacy NG-RAN architecture because AIoT can be thought of a completely new RAT. 3GPP should look to define architecture and protocol stack for AIoT in a future-compatible way.
 
Observation 5: The architectural assumptions and constraints of NG-RAN need not apply to Ambient IoT because AIoT can be thought of as a completely new system and should be designed in a future compatible and RAT agnostic fashion.

Observation 6: Supporting a SBI (Service-Based Interface) for the Reader in comparison to point-to-point interfaces is more beneficial because SBI is cloud native developer friendly, RAT agnostic and can leverage the benefits of an SBA.
 
Proposal 4: Reader supports an SBI protocol stack (as defined in TS 29.500) to communicate with the AIoT controller.

 




2.4 Interface between the Reader and AIoT controller

SA2 is still discussing whether existing 5GC entities (e.g., AMF) is involved in procedures related to AIoT. In this section, we provide our views and further discuss how the Reader should interact with the AIoT controller.
There is one line of thought where one might be tempted to reuse the control plane signaling (via the NG-RAN node and AMF) and thereby reusing the NGAP for the Reader to communicate with the AIoT controller. But we think that there is very little motivation to do that because most of the existing AMF functionalities (e.g., Registration/Connection/Mobility management) and gNB functionalities (e.g., UE context management at NG-RAN node) might not apply for AIoT.
Further, there are several mandatory IEs in the existing NGAP procedures that makes its reuse almost next to impossible. For example, if we want to reuse NGAP and say reuse the NG Setup Request procedure for the Reader to setup a TNL association with the AMF, then there are several mandatory IEs e.g., the Global RAN Node ID, TAC, PLMN Identity which might not be relevant for the Reader. So, we have to add clarifications in Semantics that these IEs don’t apply for Readers or we have to define a completely new procedure/messages for Reader to setup a TNL association with the AIoT controller/Core network.


NG SETUP REQUEST
This message is sent by the NG-RAN node to transfer application layer information for an NG-C interface instance.
Direction: NG-RAN node ® AMF
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	 
	9.3.1.1
	 
	YES
	reject

	Global RAN Node ID
	M
	 
	9.3.1.5
	 
	YES
	reject

	RAN Node Name
	O
	 
	PrintableString
(SIZE(1..150, …))
	 
	YES
	ignore

	Supported TA List
	 
	1
	 
	Supported TAs in the NG-RAN node.
	YES
	reject

	>Supported TA Item
	 
	1..<maxnoofTACs>
	 
	 
	-
	 

	>>TAC
	M
	 
	9.3.3.10
	Broadcast TAC
	-
	 

	>>Broadcast PLMN List
	 
	1
	 
	 
	-
	 

	>>>Broadcast PLMN Item
	 
	1..<maxnoofBPLMNs>
	 
	 
	-
	 

	>>>>PLMN Identity
	M
	 
	9.3.3.5
	Broadcast PLMN
	-
	 

	>>>>TAI Slice Support List
	M
	 
	Slice Support List
9.3.1.17
	Supported S-NSSAIs per TAC, per PLMN or per SNPN.
	-
	 

	..
	
	
	
	
	
	

	..
	
	
	
	
	
	

	..
	
	
	
	
	
	

	..
	
	
	
	
	
	

	..
	
	
	
	
	
	

	Default Paging DRX
	M
	 
	Paging DRX
9.3.1.90
	 
	YES
	ignore

	..
	
	
	
	
	
	

	..
	
	
	
	
	
	

	..
	
	
	
	
	
	




We therefore think its cleaner to define a new application layer protocol for the interaction between the Reader and the AIoT controller.


Observation 7: There is very little motivation for Reader to use existing control plane signaling (via gNB and AMF) to reach the AIoT controller because most of the existing AMF functionalities (e.g., Registration/Connection/Mobility management) and gNB functionalities (e.g., UE context management at gNB) might not apply for AIoT.
 
Observation 8: Presence of mandatory IEs in the existing NGAP procedures makes the reuse of NGAP procedures almost impossible for AIoT and it would be cleaner to have a new protocol capturing only the necessary IEs for AIoT signaling.

Proposal 5: NGAP is not reused for communication between the Reader and AIoT controller.
 
Proposal 6: Define a new protocol e.g., R-AP (Reader-Application Protocol) for Reader to communicate with the AIoT controller.
2.5 [bookmark: _Hlk163044739]Split gNB architecture aspects
 
Before we discuss split gNB architecture aspects, RAN3 should first start with non-split gNB architecture and understand whether and how the gNB is even involved in the context of AIoT for T1 and T2 (e.g. whether gNB is involved in resource allocation) based on RAN1/RAN2 progress. 

RAN3 can then decide whether to also support split gNB architecture aspects (e.g., CU/DU split roles, CU-UP/CU-CP split) is there is need and motivation. 

Proposal 7: RAN3 should first study non-split gNB aspects and should wait for RAN1/RAN2 progress on whether and how the gNB is involved in the context of AIoT for T1 and T2 (e.g., whether the gNB is involved in resource allocation)

Proposal 8: RAN3 can discuss whether to support split gNB architecture for AIoT once the study for non-split gNB aspects is complete and deployment motivation is identified.
 
3. Conclusion
General

Observation 1: The Reader functionality is co-located with a BS in case of Topology 1 whereas the Reader functionality is co-located with a UE in case of Topology 2

Observation 2: One of the objectives of the SID is to achieve a harmonized design (with minimal differences if necessary) for the Ambient IoT device irrespective of Topology 1 and Topology 2

Proposal 1: Communication between the AIoT device and the Reader should be topology-agnostic, i.e. transparent to the topology used for the AIoT device communication.

Depicting the Reader functionality

Observation 3: Depicting the Reader as an BS functionality (in case of T1) and a UE functionality (in case of T2) is inefficient because it would result in duplicate specification efforts in defining procedures and protocol stack for T1 and T2 separately and possibly fragmented solutions. 

Proposal 2: Define a single logical entity “Reader” that can depict the Reader functionality. This logical entity can be collocated with the BS in case of T1 and with UE in case of T2.

Protocol stack of Reader

Observation 4: Solutions captured so far in SA2 TR refers to a new AIoT network function (we refer it in this paper as AIoT controller) that is responsible for communicating AIoT related signaling (e.g., inventory/command) with the Reader.

Proposal 3: RAN3 should define the Reader’s protocol stack and the protocols used for communicating between the Reader and the AIoT controller.

Observation 5: The architectural assumptions and constraints of NG-RAN need not apply to Ambient IoT because AIoT can be thought of as a completely new system and should be designed in a future compatible and RAT agnostic fashion.

Observation 6: Supporting a SBI (Service-Based Interface) for the Reader in comparison to point-to-point interfaces is more beneficial because SBI is cloud native developer friendly, RAT agnostic and can leverage the benefits of an SBA.

Proposal 4: Reader supports an SBI protocol stack (as defined in TS 29.500) to communicate with the AIoT controller.

Interface between the Reader and AIoT controller

Observation 7: There is very little motivation for Reader to use existing control plane signaling (via gNB and AMF) to reach the AIoT controller because most of the existing AMF functionalities (e.g., Registration/Connection/Mobility management) and gNB functionalities (e.g., UE context management at gNB) might not apply for AIoT.

Observation 8: Presence of mandatory IEs in the existing NGAP procedures makes the reuse of NGAP procedures almost impossible for AIoT and it would be cleaner to have a new protocol capturing only the necessary IEs for AIoT signaling.

Proposal 5: NGAP is not reused for communication between the Reader and AIoT controller.

Proposal 6: Define a new protocol e.g., R-AP (Reader-Application Protocol) for Reader to communicate with the AIoT controller.

Split gNB architecture aspects

Proposal 7: RAN3 should first study non-split gNB aspects and should wait for RAN1/RAN2 progress on whether and how the gNB is involved in the context of AIoT for T1 and T2 (e.g., whether the gNB is involved in resource allocation)

Proposal 8: RAN3 can discuss whether to support split gNB architecture for AIoT once the study for non-split gNB aspects is complete.
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