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Introduction
Rel-19 Ambient IoT SID [1] describes the objectives including the RAN2 protocol and function studies. In RAN2 #125bis meeting, the following agreements were made for CP and UP functions separately.
Agreements 
1 RRC connection management is not supported.  FFS how the resource configuration is provided to the device (if needed based on RAN1 progress)
2 RRM L3 measurement reporting is not supported by Ambient IoT devices.
3 RAN2 assumes, AIoT devices are not required to support ASN.1 encoding/decoding.
4 Periodical System information and MIB are not supported by AIoT devices. This doesn’t preclude any RAN1 defined broadcast signals.   
5 RAN2 assumes that RRC layer is not necessary between the reader and the device.   RAN2 will continue to study the functionalities required and later discuss whether we will have: 1) a new AS protocol on top of A-IoT MAC layer; or 2) A-IoT MAC 

Agreement 
1 SDAP is not supported for UP protocol stack. 
2 PDCP layer is not needed.  FFS how to handle AS security (if needed pending SA3 dicsussion) and any other really needed functionalities.  
3 RLC layer is not needed.   FFS how to handle segmentation (if needed and depending on RAN1 design and upper layer packet size).  RAN2 considers segmentation and reassembly would add complexity, however further discussions are needed.  
4 No HARQ and RLC AM
5 FFS about the level of visibility required by the reader and what information is necessary for AS layer operations.  
6 RAN2 assumes that no per-packet QoS and no per-QoS flow is supported at AS level (for both UL/DL).  FFS how to handle the general QoS requirements from SA2

In this paper, we discuss the functionality aspects of Ambient IoT (AIoT). We will discuss some remaining control plane functionality aspects, followed by user plane functionality aspects and then provide a summary.
Discussion
In Rel-19 Ambient IoT SID [1], the deployment scenario with the topologies 1&2 in [2] are shown in Fig.1 and Fig.2. 
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Figure 1 Topology 1
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Figure 2 Topology 2
In topology 1, the AIoT device directly and bidirectionally communicates with a base station (as a Reader). The communication between the base station and the AIoT device includes AIoT data and/or signaling. In topology 2, the AIoT device communicates bidirectionally with an intermediate node between the AIoT device and base station. In this topology, the intermediate node can be a relay, IAB node, UE, repeater, etc., which is capable of AIoT. The intermediate node transfers AIoT data and/or signaling between BS and the AIoT device. 
The AIoT stage-2 aspects were discussed in RAN2 #125bis meeting, and the following agreements were made.
	Agreements
1 Unless explicitly stated all agreements apply to all device types and for both topologies.  
2 From RAN2 perspective, the aim is that the design on the interface between reader and A-IoT device is common for topology 1 and topology 2.  



Thus, a common solution for the functionality of AIoT for both topologies 1&2 and for different AIoT devices should be studied.
[bookmark: _Toc166142341][bookmark: _Toc166147814][bookmark: _Toc166148391][bookmark: _Toc166148523][bookmark: _Toc166148768][bookmark: _Toc166168164][bookmark: _Toc166168241][bookmark: _Toc166171006][bookmark: _Toc166183734][bookmark: _Toc166183769][bookmark: _Toc166184449][bookmark: _Toc166185405]A common solution of AIoT access procedure for both topologies 1&2 and for different AIoT device types should be studied.
Control plane functionalities
RAN2#125bis discussed about the targeted lower complexity and cost of AIoT devices and agreed that traditional Control Plane functions like RRC connection management, RRM L3 measurement reporting, ASN.1 encoding/decoding, legacy periodical SIB/MIB, legacy paging message, legacy RRC layer, legacy DRX, tracking area update from the device etc. will not be supported by AIoT.
However, RAN2 still has to conclude on some of the remaining CP aspects which will be helpful to resolve the following aspect captured in RAN2#125bis: RAN2 will continue to study the functionalities required and later discuss whether we will have: 1) a new AS protocol on top of A-IoT MAC layer; or 2) A-IoT MAC.
AIoT Device Registration, Subscription and CN Awareness
Due to the very low target on complexity, cost as well as power consumption, as well as potentially a very large number of AIoT devices may be present in a given vicinity but perform only bursty data transmissions always triggered by the Reader, one of the fundamental architectural differences between AIoT and existing 3GPP technologies may be how the devices are exposed to the Core Network functions. 
In our understanding, SA2 would need to discuss and conclude on this. From RAN2 point of view, we think requiring such AIoT devices to support legacy UE-registration-like procedures would be very ambitious not only because of the complexity of the procedure and protocol, but also due to the number of communication steps required. The AIoT devices will not have enough energy source or energy storage to perform multiple steps just for the purpose of registration. Additionally, having a ‘subscription’ similar to legacy UE subscriptions per AIoT device may be a high burden for the core network to manage. 
The AIoT device may harvest energy, accumulate it up to the required minimum amount of energy for communication, perform the communication steps and may deplete its energy fully. If the AIoT device runs out of energy after some communication steps, it may not be able to store any configurations, i.e. it will likely ‘forget’ everything. In other words, it is plausible that every communication session starts as if the device has been just powered up from the power off state. Then, it would not make sense to have the AIoT device perform the legacy registration procedures every time it needs to communicate.
[bookmark: _Toc163063276][bookmark: _Toc163064566][bookmark: _Toc163067797][bookmark: _Toc163117240][bookmark: _Toc163121463][bookmark: _Toc163123304][bookmark: _Toc163132082][bookmark: _Toc163132296][bookmark: _Toc163142696][bookmark: _Toc163142713][bookmark: _Toc163143156][bookmark: _Toc163152858][bookmark: _Toc163159262][bookmark: _Toc163159654][bookmark: _Toc163159959][bookmark: _Toc166142342][bookmark: _Toc166147815][bookmark: _Toc166148392][bookmark: _Toc166148524][bookmark: _Toc166148769][bookmark: _Toc166168165][bookmark: _Toc166168242][bookmark: _Toc166171007][bookmark: _Toc166183735][bookmark: _Toc166183770][bookmark: _Toc166184450][bookmark: _Toc166185406]It is plausible that for AIoT devices, each communication session may start as if the device has just been powered up from the power off state.
[bookmark: _Toc163063285][bookmark: _Toc163064576][bookmark: _Toc163067807][bookmark: _Toc163117250][bookmark: _Toc163121473][bookmark: _Toc163123314][bookmark: _Toc163132092][bookmark: _Toc163132306][bookmark: _Toc163142723][bookmark: _Toc163143166][bookmark: _Toc163152868][bookmark: _Toc163159272][bookmark: _Toc163159664][bookmark: _Toc163159969][bookmark: _Toc166142354][bookmark: _Toc166147817][bookmark: _Toc166148394][bookmark: _Toc166148410][bookmark: _Toc166148423][bookmark: _Toc166148463][bookmark: _Toc166148476][bookmark: _Toc166148497][bookmark: _Toc166148510][bookmark: _Toc166148526][bookmark: _Toc166148539][bookmark: _Toc166148577][bookmark: _Toc166148590][bookmark: _Toc166148623][bookmark: _Toc166148653][bookmark: _Toc166148772][bookmark: _Toc166168168][bookmark: _Toc166168245][bookmark: _Toc166171010][bookmark: _Toc166183738][bookmark: _Toc166183772][bookmark: _Toc166184452][bookmark: _Toc166185408]Legacy UE-registration-like procedure is not supported by AIoT. In other words, a specific tag is not required to maintain registration with the CN.
NAS functions
NAS control protocol in NR performs the functions listed in TS 23.501 such as registration, authentication, mobility management, security control etc. Supporting all these legacy NAS functionalities by the AIoT devices may be infeasible especially given their complexity, cost, processing power and energy/power constraints. 
In our view, the functionalities like security, authentication for AIoT communication should be provided by AIoT Application function using a separate command protocol. We understand such details are being discussed in SA2 and SA3.
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User plane functionalities
The low-complexity and low-cost AIoT devices might not be able to support the complete UP stack as legacy NR UEs and significant simplification might be needed for the functionalities to support. 
According to the AIoT UP agreements made in the last RAN2 meeting, the legacy NR SDAP/PDCP/RLC protocol layers are not supported for AIoT UP protocol. Some functionalities in these protocols may need further discussion that may need other WG’s further inputs as well. The similar function could be implemented in other UP protocol layer or a new L2 layer.
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Logical and transport channels
Similar to NR UP data, the AIoT data can be carried in MAC PDU. The NR logical channels are used to carry the control signaling and UP data with different QoS requirements. For AIoT MAC, the upper layer control signaling and AIoT data can be mapped into one single logical channel and all MAC PDUs belonging to this one logical channel instruct the transport blocks to be delivered to the physical layer. Alternatively, the upper layer control signaling and AIoT data can be mapped to two separate logical channels. AIoT MAC can multiplex the MAC PDU from these two logical channels into one transport block. 
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Regarding the transport channels, since RAN1 has already agreed to support PRDCH and PDRCH, from AIoT MAC perspective, at least two transport channels mapping to physical channels, i.e., PRDCH and PDRCH should be supported. Similar to NR DL-SCH and UL-SCH, AIoT should support transport channels RD-SCH and DR-SCH.
[bookmark: _Toc166147823][bookmark: _Toc166148401][bookmark: _Toc166148417][bookmark: _Toc166148430][bookmark: _Toc166148470][bookmark: _Toc166148483][bookmark: _Toc166148504][bookmark: _Toc166148517][bookmark: _Toc166148533][bookmark: _Toc166148546][bookmark: _Toc166148584][bookmark: _Toc166148597][bookmark: _Toc166148630][bookmark: _Toc166148659][bookmark: _Toc166148777][bookmark: _Toc166168172][bookmark: _Toc166168249][bookmark: _Toc166171014][bookmark: _Toc166183742][bookmark: _Toc166183776][bookmark: _Toc166184456][bookmark: _Toc166185412]At least two transport channels, i.e., RD-SCH and DR-SCH are supported for AIoT.
BSR/PHR
In NR, there are several MAC CEs defined for different use cases. It may be beneficial if AIoT device can indicate assistance information or the buffer/energy status to the Reader.
For example, AIoT device may indicate the buffer status to Reader if there are remaining AIoT data stored in the AIoT buffer, or AIoT device may inform Reader the energy status if AIoT device lacks enough power/energy. 
In some cases, the full power of some types of AIoT device such as Device type ii may not be always needed if the AIoT device is close to the Reader. Using lower power for transmission can save the energy to extend the on duration of transmission/reception and reduce the interference to other nearby devices. 
Therefore, the functionalities of some of the existing NR MAC CE are useful also for AIoT. RAN2 can study the modification or simplification to support the AIoT MAC CEs, like BSR and PHR MAC CE.
[bookmark: _Toc166147816][bookmark: _Toc166148393][bookmark: _Toc166148525][bookmark: _Toc166148771][bookmark: _Toc166168167][bookmark: _Toc166168244][bookmark: _Toc166171009][bookmark: _Toc166183737][bookmark: _Toc166183771][bookmark: _Toc166184451][bookmark: _Toc166185407]Some functionalities of existing NR MAC CEs are useful for AIoT.
[bookmark: _Toc166147824][bookmark: _Toc166148402][bookmark: _Toc166148418][bookmark: _Toc166148431][bookmark: _Toc166148471][bookmark: _Toc166148484][bookmark: _Toc166148505][bookmark: _Toc166148518][bookmark: _Toc166148534][bookmark: _Toc166148547][bookmark: _Toc166148585][bookmark: _Toc166148598][bookmark: _Toc166148631][bookmark: _Toc166148660][bookmark: _Toc166148778][bookmark: _Toc166168173][bookmark: _Toc166168250][bookmark: _Toc166171015][bookmark: _Toc166183743][bookmark: _Toc166183777][bookmark: _Toc166184457][bookmark: _Toc166185413]RAN2 to study the simplifications needed to support the AIoT MAC CEs like BSR and PHR.
Segmentation and reassembly
In RAN2 #125bis meeting, there was some discussion on whether the legacy NR RLC segmentation and reassembly are supported for AIoT. The issue is still pending on RAN1 design on the upper layer packet size. 
During RAN-level Study of AIoT [2], there was study on the design target of the maximum message size about 1000 bits to be received or transmitted by or from the AIoT device, which is also related to the maximum application packet size. Further, [2] points out that RAN1/RAN2 can refine as needed for TB size design.
Even though RAN1 is discussing on the maximum message size and/or the TB size, RAN2 can still discuss the feasibility of segmentation/assembly functions from RAN2 perspective, as these functions should be in the protocol layer within RAN2 domain. 
In our view, whether to support segmentation/assembly or not is not only related to the message size or TB size but is also related to transmission capability especially in the AIoT backscatter link. In reality, whether an upper layer packet needs to be segmented or not depends on how many resources are available in the backscatter link of AIoT.
For passive AIoT device, the data rate in the backscatter link is quite limited due to the low capability of AIoT device. Consequently, the TB size granted in the backscatter link for the AIoT data transmission may not be able to carry the whole message generated by AIoT application layer. In fact, the AIoT lower layer might have very limited knowledge on the actual size of the application message. 
Whether the AIoT device is able to transmit a complete packet or not is also impacted by the energy level of the device. The lower level of energy of AIoT device may not be able to send the whole packet at once. Thus, whether segmentation is needed cannot be simply based on the message size. 
One may argue that segmentation and reassembly might add complexity, we believe such added complexity can be minimized by careful studies, and more discussions are needed to figure out a simple solution on supporting the segmentation and reassembly for AIoT. 
If segmentation is supported, the reassembly function in receiver side should also be supported. Then, it is possible that some packet indications like sequence number are needed in layer 2 so that the segments of one packet with the same sequence number could be reassembled. However, these details can be further studied.
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Overall protocol stack
Based on the above discussion on the needed functionalities, in our view the overall AS protocol stack may look something like below.


Figure 3 AIoT protocol stack
As discussed above, the NR legacy UP protocols, i.e., SDAP/PDCP/RLC are not needed. NAS protocol would be replaced by simplified command protocol terminating at the AIoT Application Function. Note that the exact protocol layers in the Reader facing the AF side is not shown since that is unchanged and depends on whether Reader is a separate entity or a part of BS or UE based on topology which could be discussed in RAN3.
In our view, a new AIoT layer 2 protocol is a simple and clear design for AIoT device and Reader. The new AIoT L2 protocol sits between AIoT MAC and the application layer/command protocol.
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Conclusion
We have the following observations, and we’d recommend RAN2 to discuss and adopt the following proposals:
Observation 1.	A common solution of AIoT access procedure for both topologies 1&2 and for different AIoT device types should be studied.
Observation 2.	It is plausible that for AIoT devices, each communication session may start as if the device has just been powered up from the power off state.
Observation 3.	Some functionalities of existing NR MAC CEs are useful for AIoT.

Proposal 1:	Legacy UE-registration-like procedure is not supported by AIoT. In other words, a specific tag is not required to maintain registration with the CN.
Proposal 2:	Legacy NAS or NAS-like functions are not supported by AIoT devices. Consequently, NAS-based data transfer (CP-CIoT-like) is not supported.
Proposal 3:	RAN2 assumes new AIoT upper layer protocol (e.g. Command Protocol) between AIoT device and AIoT Application Function will be introduced by SA2/3.
Proposal 4:	The concept of logical channels as in NR MAC is also supported for AIoT.
Proposal 5:	At least two transport channels, i.e., RD-SCH and DR-SCH are supported for AIoT.
Proposal 6:	RAN2 to study the simplifications needed to support the AIoT MAC CEs like BSR and PHR.
Proposal 7:	Segmentation/reassembly is supported for AIoT.
Proposal 8:	A new simplified AIoT L2 protocol will be introduced.
Proposal 9:	Simplified AIoT protocol stack is unified for AIoT CP and UP (i.e. no differentiation between CP and UP protocol stacks).
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