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1	Introduction
In the RAN#102 meeting, a new Study Item on solutions for Ambient IoT (Internet of Things) in NR was approved [1]. The corresponding objectives related to RAN3 are listed as follows:
a)    Identify necessary impacts on signaling and procedures for CN-RAN interface, to enable [RAN3]:
· Paging  
· Device context management
· Data transport
a) Identify RAN architecture aspects, including whether support for split architecture is necessary [RAN3]
b) Identify potential solutions for locating an Ambient IoT device with no specification impact, e.g. reusing existing user location report, or minimal specification impact to convey location information to core network [RAN3]
In this contribution, we will discuss the RAN architecture aspects to support Ambient IoT.
2	Discussion
2.1	Topology 1 and Topology 2
[bookmark: _Toc145960150]Based on the RAN SID [1] and TR [2] there are 2 topologies to be supported for AIoT service, as below: 
	[image: ]
Figure 4.2.1.1-1: Topology 1
	[image: ]
Figure 4.2.1.2-1: Topology 2


Deployment scenario 1 with Topology 1:
· The Ambient IoT device directly and bidirectionally communicates with a base station. 
· Device indoors, base station indoors
· Base station and coexistence characteristics: Micro-cell, co-site
Deployment scenario 2 with Topology 2:
· The Ambient IoT device communicates bidirectionally with an intermediate node between the device and base station.
· Device indoors, base station outdoors
· UE as intermediate node, under network control.
· The location of intermediate node is indoor.
· Base station and coexistence characteristics: Macro-cell, co-site
Before discussing the impacts on RAN architecture, we would like to provide our suggested guideline to RAN3 discussion. As described in TR and SID, the intermediate node is a UE which transfers data and/or signalling between the device and base station. Regarding to this, the network architecture and A-IoT service transmission method should be determined by SA2 and RAN2. In order to avoid duplication of RAN3 discussion, we should focus on Topology 1 in RAN3 first, and RAN3 can further discuss how to support Topology 2 when there is sufficient progress in RAN2 and SA2.
Proposal 1: RAN3 prioritizes the discussion on Topology 1, and waits for RAN2 and SA2 progress about Topology 2 of intermediate UE.

2.2	CN-RAN interface
0. In SA2 TR [3], for Topo 1, the following CN node alternatives connecting with RAN can be found:
	Solution
	Description
	Figure

	#4
	The AIoT Function: provides the AIoT control, which may be collocated with AMF or a standalone NF.

	   [image: ]   
Part of 6.4.1.4-2

	#5
	AMF/AIoTF (new function introduced to support AIoT services) which then triggers the N2 like procedure and AS procedure to the AIoT Devices.
	

	#6
	A new NF called Ambient AIoT gateway (AIoT-GW) which is introduced in the 5GC control plane. 
The AIoT-GW also handles the AIoT information transfer from the 5GC to the AIoT devices.
The BS acting as AIoT reader establishes a N2’ association with the AIoT-GW where the protocol used on the N2’ association may be a different from NGAP or simplified NGAP.
	[image: ]
Part of Figure 6.6.2-1

	#8
	Ambient IoT Function (AIOTF): AIOTF is introduced to support AIoT services, with some AMF’s functionalities integrated, which includes: A-RAN (Ambient IoT RAN) connectivity, …
It is FFS whether and how much of NGAP is re-used for interface between A-RAN and AIOTF.
The AIOTF sends an NGAP message (Inventory Request) to the A-RANs …
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Part of Figure 6.8.1-1

	#9
	The AIoT Device still performs the initial registration procedure, and after the initial registration procedure, the AMF can set up the transmission tunnel towards the AIoT NF;
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Part of Figure 6.9.1-1


	#10
	A new network function named Ambient IoT NF may be adopted to manage Ambient IoT devices and procedures. If not, this relevant function can be supported by AMF.
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Part of Figure 6.10.2-1


0.        
0. Based on the above solutions from SA2, there are three alternatives for the CN node(s) connecting with the AIoT RAN node, as showed below: (Note: new AIoT Management Function named as AIoTMF in the following discussion)
0. Alternative 1: the AIoT RAN node connecting to the AIoT capable AMF (AMF support AIoT function)
0. [image: ]
0. Alternative 2: the AIoT RAN node connecting to the new AIoTMF via AMF
0. [image: ]
0. Alternative 3: the AIoT RAN node connecting to the new AIoTMF directly
[image: ]
The selection between these alternatives is pending to SA2 discussion. Although it is still FFS on which alternative to be adopted in AIoT, we can try to discuss the interface between NG-RAN and the core network based on these alternatives.
0. In case of Alternative 1 and Alternative 2, the NG-RAN is connected to AMF, the existing RAN-CN architecture in TS 38.401 Figure 6.1-1 below is sufficient to support AIoT, i.e. NG-RAN connects to 5GC via current NG interface.
	1. 

1. TS 38.401 Figure 6.1-1: Overall architecture
	1. [image: ]
1. TS 38.300 Figure 4.3.1.2-1: NG-C protocol stack


In Alternative 1, NGAP specification should be enhanced to support new function/procedure/message to support AIoT, and for Alternative 2, we may also need to introduce AIoTMF related IEs which are transparent to the AMF, as we did in the past for SMF Related IEs, MB-SMF Related IEs.
Proposal 2-1: In case of Alt 1 and Alt 2, NG interface is reused, RAN3 need to enhance NGAP specification to support new AIoT functionalities, procedures and messages. 
4. On the other hand, in case of Alternative 3, the AIoT RAN connecting to the new AIoTMF directly, considering that the NG control plane interface (NG-C) is defined between the NG-RAN node and the AMF, RAN3 may need to define a new interface between the AIoT RAN node. If a new interface is introduced, considering that the new protocol is used for context management and signalling transmission over new interface for AIoT, the protocol stack of XXAP (name FFS) can use the same protocol stack as NG-C, i.e., including XXAP/SCTP/IP/Date link layer/Physical layer. For the newly introduced XXAP protocol, it should be very simple, i.e., with basic interface management procedures and AIoT dedicated new procedures. 
4. Proposal 2-2: In case of Alt 3, RAN3 may need to introduce a new interface (name FFS), and the new interface should use protocol stack XXAP/SCTP/IP as other RAN3 control plane interfaces.
4. 
2.3 Whether to support RAN split architecture
In NR, RAN3 has supported the RAN split architecture (TS 38.401 Figure 6.1-1 as shown above) in the previous releases. While for AIoT, things are quite different.
As described in SID [1], there is a common understanding to have a lightweight design to simplify the standard work, some complex functions have already been excluded, e.g.:
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ.
· 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.
Considering that the Uu of AIoT is a new RAT, which is independent to any other existing radio interfaces. In our view, the current NR protocol stack will not be reused by AIoT Uu and a compact protocol stack will be studied,  some functions are not needed and some layers may be absent. For example, with no RRC states, and considering the complexity of ASN.1 which may be hardly supported by AIoT devices, the RRC layer may not exist. As for SDAP layer, since the service to be provided to the devices are very simple, e.g. few packets will be delivered, PDU session with QoS Flows are not applicable to AIoT devices, the SDAP layer, PDCP layer (e.g. header compression, duplication and reordering) are also not needed. 
It is understood that the gNB-CU and gNB-DU concept defined in TS 38.401 as follows are not applicable to AIoT RAN node:
· gNB Central Unit (gNB-CU): a logical node hosting RRC, SDAP and PDCP protocols of the gNB or RRC and PDCP protocols of the en-gNB that controls the operation of one or more gNB-DUs. 
· gNB Distributed Unit (gNB-DU): a logical node hosting RLC, MAC and PHY layers of the gNB or en-gNB, and its operation is partly controlled by gNB-CU. 
For such a lightweight simplified AIoT RAN node, we do not see the need to open the discussion on supporting a new split architecture. And it will also be quite complicated to support the additional designs of split of functions and the additional CU DU interactions. Thus, we would like to not support RAN split architecture for AIoT in Rel-19 at least. 
1. Proposal 3: No need to support RAN split architecture for AIoT.
1. 
2.4	QoS concept
For AIoT service, the main services to be provided include inventory (group of devices or single device) and Command (per device read/write/disable). In the inventory procedure, the devices may only report their device IDs. In the command procedure, when the device receives a command (e.g., Read), it may just send response (e.g., Read response). 
Considering that there is no concurrent service, the traffic packet size is very small (e.g. the maximum size is 1000 bits as listed in section 5.5 of [2]), and the AIoT devices may also not have the capability to process the requirement of QoS and store the QoS profile, there seems no strong motivation to support QoS concept at least in Rel-19 from RAN3 point of view. Note that many exiting QoS parameters are not suitable for AIoT service, e.g. PDB, PER, Averaging window, etc.
1. Proposal 4: There is no strong motivation to support QoS concept for AIoT at least in Rel-19.
3		Conclusion
In this contribution, we discussed the potential impacts on RAN architecture to support AIoT. And we have the following proposals:
Topology 1 and Topology 2
Proposal 1: RAN3 prioritizes the discussion on Topology 1, and waits for RAN2 and SA2 progress about Topology 2 of intermediate UE.
CN-RAN interface
Observation: there are three alternatives for the CN-RAN interface based on SA2 TR:
· Alternative 1: the AIoT RAN node connecting to the AIoT capable AMF (AMF support AIoT function)
· Alternative 2: the AIoT RAN node connecting to the new AIoTMF via AMF
· Alternative 3: the AIoT RAN node connecting to the new AIoTMF directly
Proposal 2-1: In case of Alt 1 and Alt 2, NG interface is reused, RAN3 need to enhance NGAP specification to support new AIoT functionalities, procedures and messages. 
7. Proposal 2-2: In case of Alt 3, RAN3 may need to introduce a new interface (name FFS), and the new interface should use protocol stack XXAP/SCTP/IP as other RAN3 control plane interfaces.
Whether to support RAN split architecture
Proposal 3: No need to support RAN split architecture for AIoT.
QoS concept
Proposal 4: There is no strong motivation to support QoS concept for AIoT at least in Rel-19.
With the above observation and proposals, the corresponding TP to the TR is provided in section 5.
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----------------Start of the First Change----------------
[bookmark: definitions][bookmark: _Toc160111585]3.1	Terms
For the purposes of the present document, the terms given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].
example: text used to clarify abstract rules by applying them literally.
[bookmark: _Toc160111586]3.2	Symbols
For the purposes of the present document, the following symbols apply:
<symbol>	<Explanation>

[bookmark: _Toc160111587]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
AIoT	Ambient IoT
DO-A	Device-originated autonomous
DO-DTT	Device-originated by device-terminated trigger
DT	Device-terminated
FR	Frequency Range
IoT	Internet of Things
LPWA	Low-power, wide-area
LTE-MTC	Long Term Evolution – Machine Type Communication
NB-IoT	Narrowband IoT
RFID	Radio frequency identification
SFO	Sampling frequency offset

----------------Start of the Next Change----------------
[bookmark: _Toc160111601]6.4	RAN architecture aspects
Editor’s note: Corresponds to the second RAN3 objective in the SID.
6.4.1	General
The AIoT RAN node provides AIoT radio interface to communicate with the AIoT devices. 
The AIoT RAN node connects to 5GC based on one of the following ways:
· In case the AIoT RAN node connecting to the AIoT capable AMF (AMF supports AIoT function), or the AIoT RAN node connecting to the new AIoTMF via AMF, the NG interface is used.
· In case the AIoT RAN node connecting to the new AIoTMF directly, a new CN-RAN interface (XXAP/SCTP/IP) is used.
Editor’s note:	The core network architecture downselection is subject to SA2.
Editor’s note:	The name of the new CN-RAN interface is FFS.
The RAN split architecture is not supported by the AIoT RAN node.
The QoS concept is not applicable for AIoT.

----------------End of the Changes----------------
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