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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In the SID of Rel-19 Ambient IoT [1], the following RAN2-led objectives have been included:
	· [bookmark: _Hlk162703304]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 firstly provide initial analyses on the required control plane functions, and then show our protocol stack design for Ambient IoT (AIoT) Topology 1 and Topology 2 respectively.

2. Discussion
2.1. Control plane function
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]First of all, for AIoT device which has extreme low power as well as relaxed timing accuracy compared with legacy NR UE, it is not expected to maintain tight synchronization between the AIoT device and the RAN Reader/UE Reader. Therefore, we believe that the periodic system information as MIB and SIB should not be considered for AIoT CP design. 
[bookmark: _Ref163037131]Observation 1	For AIoT device, it is not expected to maintain periodic synchronization with the network, and hence MIB and SIB -like system information should not be considered.
[bookmark: _Hlk162794036]Secondly, according to the General Scope from the SID highlighted in yellow as below, it’s observed that the RRC state and mobility as cell selection/re-selection -like function has been excluded for AIoT control plane design.
	General Scope from the SID
· [bookmark: _Hlk162707587][bookmark: _Hlk162706188]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.


[bookmark: _Ref163037137][bookmark: _Ref115438773]Observation 2	According to the SID scope, the RRC state and mobility as cell selection/re-selection -like function have been excluded for AIoT CP design.
[bookmark: _Hlk162707913]Given that there is no RRC states for AIoT device, it’s natural that the control plane functions defined for RRC_CONNECTED are no longer needed, i.e., no RRC connection management as legacy RRC establishment/resume/re-establishment procedures, and no RRC connection mobility as legacy handover function.
[bookmark: _Ref163037138]Observation 3	In line with the SID scope of no RRC state, the following CP functions are also not necessary for AIoT CP design.
· RRC connection management (i.e., at least no RRC establishment/resume/re-establishment -like procedures)
· RRC connection mobility (i.e., at least no handover-like function)
Thirdly, as there is no cell selection/re-selection -like function for AIoT device, it is also straightforward that the Cell concept as defined in TS 38.304 is not applicable. Consequently, the location registration via legacy TA or RNA update procedure is also not applicable. Instead, we think that the location tracking for AIoT device can be managed totally up to the NW side. For example, the inventory procedure can be used by the NW to trigger the RAN Reader/UE Reader to discover the target AIoT device(s). And then the Reader reports necessary inventory information for the discovered AIoT device(s) to the NW. Lastly, the NW can store and make predication based on the last inventory information to locate a specific AIoT device.
[bookmark: _Ref163037140]Observation 4	In line with the SID scope of no cell selection/re-selection -like function, the following CP functions are also not necessary for AIoT CP design.
· Concept of Cell for AIoT device
· TA/RNA update -like function
Finally, a brief summary on which of the CP functions are NOT required for AIoT device is provided as Proposal 1 below.
[bookmark: _Ref163037216][bookmark: _Hlk162963779]Proposal 1	For Topology 1 & Topology 2, RAN2 to agree that the following CP functions are NOT required for AIoT device, i.e., 
· [bookmark: _Hlk162963728]MIB and SIB -like System Information
· RRC states
· RRC connection management (i.e., at least no RRC establishment/resume/re-establishment -like procedures)
· Mobility (i.e., at least no cell selection/re-selection -like function and handover-like function)
· Concept of Cell for AIoT device
· TA/RNA update -like function
Based on the RAN2-led objective description from the SID, we observed that some examples of the potential AIoT functions have been given for further study, which are listed as below.
	RAN2-led objectives from the SID
For example:
· [bookmark: _Hlk162714514]Paging
· [bookmark: _Hlk162721089]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.


As discussed in another contribution [2], all of the above functions are deemed as part of the Inventory and Command procedure. Therefore, they are essential to be supported. Moreover, with regards to the function classification from control plane and user plane perspective, our thinking is summarized as below.
· Paging-like function and interaction with upper layers belong to the control plane functions.
· For paging-like function, like NR paging to page UE(s), it is used to discover the target AIoT device(s) by the RAN Reader/UE Reader. 
· For interaction with upper layers, considering the on-going discussion from SA2 TR 23.700-13 [3], it’s assumed that there would probably be a new AIoT layer above the AS layer, wherein the AIoT layer is responsible for transfer of upper layer information e.g., service data. Based on this observation, the CP function interaction with upper layers at least includes transfer of service data and upper layer signaling (if any). 
· Random access-like procedure and data transmission belong to user plane functions. 
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]For random access-like procedure, like NR random access procedure performed by a UE to access the RAN, random access-like procedure is performed by an AIoT device to access the RAN reader or UE Reader. 
· For data transmission, it mainly involves the Layer-2 functionality design for AIoT device. For example, the Layer-2 PDU content and format design to carry the potential control signaling, physical layer parameters and upper layer information. Details can be seen in another contribution [4].
Based on the above understanding, we have the following Proposal 2.
[bookmark: _Ref163037218][bookmark: _Hlk162714813]Proposal 2	For Topology 1 & Topology 2, RAN2 to agree that the following CP functions are supported for AIoT device.
· Paging-like function
· Interactions with upper layer (e.g., a new AIoT layer to transfer upper layer information)
2.2. Control plane protocol stack
2.2.1 Topology 1
[bookmark: _Hlk162791588]In Topology 1, the RAN acts as the Reader. Basically, the interface between AIoT device and RAN Reader is different compared with the NR Uu interface, and hereinafter referred to as the AIoT interface. 
[bookmark: _Ref163037141]Observation 5	The interface between AIoT device and RAN Reader is different compared with the legacy NR Uu interface.
For the NR Uu interface, the control plane stack includes NAS, RRC, PDCP, RLC and MAC sublayers. However, for the new AIoT interface, we need to consider a compact control plane stack to minimize device complexity. Figure 1 further shows our thinking on how the AIoT control plane protocol stack is simplified for Topology 1.


Figure 1. Control plane protocol stack for AIoT Topology 1
The reasons are further presented why there is a necessity or no necessity of a specific sublayer as follows.
· AIoT layer: As analyzed in the previous Section 2.1, A new AIoT layer is assumed to be introduced, wherein the AIoT layer is responsible for transfer of upper layer information including service data and upper layer signaling if any. Moreover, the exact functionalities of AIoT layer should be up to SA2. 
· FFS AIoT RRC: In legacy NR Uu, either MAC or RRC control can be used for signaling design. Based on that, below Table 1 gives comparison of the performance difference between AIoT MAC and AIoT RRC control, if introduced. According to our qualitative analysis, the main performance difference between AIoT MAC and AIoT RRC control lies in the signaling extensibility v.s. ASN.1 coding complexity. However, since it is the very first RAN2 meeting, it is still undecided what kind of control information and how many parameters are needed for design of the related signalling (CP functionalities). If the types of control parameters are limited, using MAC CE would be enough and the whole RRC layer can be removed. For now, let’s keep the discussion on whether to introduce AIoT RRC open. 
· No AIoT PDCP: As analyzed in another contribution [2], PDCP layer is not supported due to the security assumption of just relying on upper layer security for data transfer.
· No AIoT RLC: As clarified in the General Scope from the SID, no ARQ is supported. Thus, there is less motivation to keep this sublayer. Even if segmentation function is needed for potential large message size, we prefer to rely on MAC entity to perform segmentation for simplicity.
· AIoT MAC: As analyzed in the previous Section 2.1, the MAC PDU content and format design is the basic functionality. For the detailed design of AIoT MAC layer, it is illustrated in another contribution [4].
· AIoT PHY: The exact functionalities of AIoT physical layer should be up to RAN1.
Table 1. Comparison of the performance between AIoT MAC and AIoT RRC control
	Control entity
	AIoT MAC
	AIoT RRC

	Signalling format
	MAC CE
	RRC message

	Signalling reliability
	Equal, due to no HARQ and ARQ

	Security
	Equal, due to no AS security

	Control delay
	Short
	Long

	Extensibility
	Limited, may need to define more MAC CEs
	High

	Device Complexity 
	Limited
	High, due to ASN.1 coding complexity


Based on the above analysis, we propose to agree the AIoT CP protocol in above Figure 1 as baseline.
[bookmark: _Ref163037220]Proposal 3	For Topology 1, RAN2 to agree the AIoT CP protocol in above Figure 1 as baseline, i.e., 
· [bookmark: _Toc162627090]New AIoT layer as upper layer, wherein the AIoT layer is responsible for transfer of upper layer information, details are up to SA2
· [bookmark: _Toc162627091]FFS AIoT RRC layer
· [bookmark: _Toc162627092]No AIoT PCCP and AIoT RLC layers
· [bookmark: _Toc162627093]AIoT MAC and AIoT PHY layers
2.2.2 Topology 2
In Topology 2, the UE is acting as the Reader. Generally, regarding how to design the control plane protocol stack for Topology 2, the potential impacts to both of the AIoT Device and UE Reader need to be considered as a whole picture. Figure 2 further shows our thinking on the overall control plane protocol stacks for AIoT device and UE Reader for Topology 2.


Figure 2. Control plane protocol stack for AIoT Topology 2
From the AIoT device perspective, the following assumptions are made for the control plane protocol stack design, which include:
· The AIoT device has the same control plane protocol stack for Topology 2 as that for Topology 1 for a harmonized air interface design.
· The Topology types (including more topologies in future release) are transparent to the AIoT device, i.e. the AIoT device does not need to differentiate between RAN Reader and UE Reader.
From the UE Reader perspective, the following assumptions are made for the control plane protocol stack design, which include:
· The coverage scenarios of the UE Reader need to be considered. For example, when the UE is temporarily out of Uu coverage in some blind area, but the AIoT air coverage goes well, the AIoT operation at the UE Reader will not stop and continue. RAN2 should strive for a common solution to the in- and (short time blockage) out-of-coverage cases for the UE Reader.
· The legacy NR Uu interface is used by the UE Reader and thus no RAN2 specification impact is expected when the UE is acting as the Reader and relaying the AIoT data from/to the CN side. This is like the Layer-3 based relaying protocol design principle. 
· The AIoT operation can be initiated in a flexible way, e.g., by the UE side or the CN side. When the AIoT operation is triggered by the UE side, the control plane signaling flow would be seen as directly coming from the UE Reader’s AIoT layer to the AIoT device (see Case 1 in below Figure 3). When the AIoT operation is triggered by the CN side, the control plane signaling flow would be seen as firstly coming from the CN side to the UE Reader’s AIoT layer, and then from the UE Reader’s AIoT layer to the AIoT device (see in Case 2 in below Figure 3). 


Figure 3. Different cases for the control plane signaling flow
[bookmark: _Ref163037143]Observation 6	The above basic assumptions may need to be discussed first from the AIoT device and the UE Reader perspectives, to facilitate study of the CP protocol stack for Topology 2.
Therefore, it is kindly suggested that RAN2 to further study the AIoT CP protocol stack in Figure 2 by taking the above assumptions into account.
[bookmark: _Ref163037221]Proposal 4	For Topology 2, RAN2 to further study the AIoT CP protocol stack in above Figure 2.
3. Conclusion
This contribution discussed the control plane aspects for Ambient IoT. The contribution concludes with:
Observation 1	For AIoT device, it is not expected to maintain periodic synchronization with the network, and hence MIB and SIB -like system information should not be considered.
Observation 2	According to the SID scope, the RRC state and mobility as cell selection/re-selection -like function have been excluded for AIoT CP design.
Observation 3	In line with the SID scope of no RRC state, the following CP functions are also not necessary for AIoT CP design.
Observation 4	In line with the SID scope of no cell selection/re-selection -like function, the following CP functions are also not necessary for AIoT CP design.
Observation 5	The interface between AIoT device and RAN Reader is different compared with the legacy NR Uu interface.
Observation 6	The above basic assumptions may need to be discussed first from the AIoT device and the UE Reader perspectives, to facilitate study of the CP protocol stack for Topology 2.
Proposal 1	For Topology 1 & Topology 2, RAN2 to agree that the following CP functions are NOT required for AIoT device, i.e.,
· MIB and SIB -like System Information
· RRC states
· RRC connection management (i.e., at least no RRC establishment/resume/re-establishment -like procedures)
· Mobility (i.e., at least no cell selection/re-selection -like function and handover-like function)
· Concept of Cell for AIoT device
· TA/RNA update -like function
Proposal 2	For Topology 1 & Topology 2, RAN2 to agree that the following CP functions are supported for AIoT device.
· Paging-like function
· Interactions with upper layer (e.g., a new AIoT layer to transfer upper layer information)
Proposal 3	For Topology 1, RAN2 to agree the AIoT CP protocol in above Figure 1 as baseline, i.e.,
· New AIoT layer as upper layer, wherein the AIoT layer is responsible for transfer of upper layer information, details are up to SA2
· FFS AIoT RRC layer
· No AIoT PCCP and AIoT RLC layers
· AIoT MAC and AIoT PHY layers
Proposal 4	For Topology 2, RAN2 to further study the AIoT CP protocol stack in above Figure 2.
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