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Introduction
In RAN#97e meeting, a new SID “Study on Ambient IoT” has been agreed and further revised in RAN#98e meeting [1]. The main objectives of the SID are as following:
	· Identify the suitable deployment scenarios and their characteristics, at least for the use cases/services agreed in SA1’s “Study on Ambient power-enabled internet of Things”, comprising among at least the following aspects
· Indoor/outdoor environment
· Basestation characteristics, e.g. macro/micro/pico cells-based deployments
· Connectivity topologies, including which node(s) , e.g. basestation, UE, relay, repeater, etc. can communicate with target devices
· TDD/FDD, and frequency bands in licensed or unlicensed spectrum
· Coexistence with UEs and infrastructure in frequency bands for existing 3GPP technologies
· Device originated and/or device terminated traffic assumption
NOTE: There can be more than one deployment scenario identified for a use case, and a deployment scenario may be common to more than one use case.
NOTE: Where more than one deployment scenario is identified for a use case, the trade-offs between them should also be studied. 
NOTE: The study shall not prioritize deployment aspects that should be coordinated with SA, e.g. public or private network, with or without CN connection.
NOTE: A representative use case can be studied for a group of use cases that have similar requirements.

· Formulate a set of RAN design targets based on the identified deployment scenarios and their characteristics for the relevant use cases, at least including
· Power consumption
· Complexity
· Coverage
· Data rate
· Positioning accuracy
NOTE: The requirements from SA1 on the relevant use cases shall be taken into consideration.
NOTE: The study shall aim to provide better coverage compared to existing non-3GPP technologies for the relevant use cases.
NOTE: Other RAN design targets in relation to connection density, mobility, security, latency, reliability etc. may be discussed, if necessary for the relevant use cases. 
NOTE: Detailed definitions of the RAN design targets should be discussed during the study.

· Compare and assess the feasibility of meeting the design targets for relevant use case on the basis of the deployment scenario(s) appropriate to it, and identify assumptions on required functionality to be supported.
NOTE: This is not to require a detailed WG-level of analysis.

Note: This study shall target for an IoT segment well below the existing 3GPP IoT technologies, e.g. NB-IoT, eMTC, RedCap, etc. The study shall not aim to replace existing 3GPP LPWA technologies.


In this contribution, we give some further analysis on the remaining issues, especially those of the RAN design targets for Ambient IoT. Based on the analysis, some suggestions are given for the following study in RAN.
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Device category
In section 4.3 Device categorization in TR 38.848, there are some Editor's notes as below:
Editor's note: Values of E1 and E2 are FFS, and it is possible that E1 = E2, in which case storage 2 and 3 could be replaced by a single description such as "limited energy storage".

Editor's note: FFS whether to include device function; whether to include a target maximum power consumption for each device; whether/how to describe what stored energy is used for; if combinations of these devices are considered.

As mentioned in this section 4.3, three device categories will be considered in RAN SI. Device A is a passive device. It converts a part of the energy of incident RF signal into direct current to supply working energy. In the Tx side, Device A backscatters an incident continuous wave to deliver information. Because it has the simplest hardware structure among the three device categories and no energy storage, Device A is appropriate to work under the static or slow-changing channel with short communication distance and LOS path. It’s difficult for Device A to work in a complex channel environment. The power consumption of Device A is µW-level. Thus, Device A is more suitable to be used for the use cases of inventory and positioning.
Device B is a semi-passive device. It receives RF energy to perform charging. The stored energy is used for driving the hardware, but not for signal generation. In the Tx side, the information transmission is still achieved through backscattering an incident continuous wave. Device B requires a lower wake-up signal energy and backscattering signal power can be amplified based on its own energy storage. So the communication distance could be significantly improved for both downlink and uplink. However, the RF energy derived from incident signal may not always meet the energy requirements of hardware working. Consequently, when the stored energy is insufficient, the reception and transmission of information will be greatly delayed, especially for big data package. Furthermore, Device B is also difficult to work in complex channel environment due to simple hardware structure. Device B can be applied for the use cases of inventory, positioning, sensors and command.
Device C is an active device. It performs charging by harvesting ambient energy, e.g., RF energy and photovoltaic energy. The energy required for receiving and transmitting signals can be completely supplied by the stored energy. In the Tx side, Device C can generate an independent signal. Device C has the highest hardware complexity and power supply among the three device categories. It can support longer communication distance and be available for complex channel environment. On the other hand, to reduce power consumption, Device C can be compatible with the capabilities of Device B. That is, Device C can also use backscattering transmission in a good channel environment. Device C can be applied for the use cases of inventory, positioning, sensors and command.
Based on the above discussion, the details of device categories are summarized in Table 1.
Table 1 Characteristic of device categories for Ambient IoT
	Characteristic
	Device A
	Device B
	Device C

	Power consumption
	µW level
	Hundred-µW level
	Hundred-µW level to mW level

	Communication range
	Ten-meter level
	Ten-meter level to hundred-meter level
	Hundred-meter level

	Application
	Inventory
Positioning
Sensors
Command
	Inventory
Positioning
Sensors
Command
	Inventory
Positioning
Sensors
Command

	Environment if direct communication topology is used
	Indoor 
	[bookmark: OLE_LINK1]Indoor; Outdoor 
	Indoor; Outdoor

	Mobility
	Static or low speed
	Static or low speed
	Static, low or medium speed


According to Table 1, we give the following proposal for addressing the part of Editor’s note on whether to include a target maximum power consumption for each device:
Proposal 1: The Device design target for power consumption during transmitting/receiving is suggested as below:
· Device A < 10 µW
· Device A ≪ Device B < 1 mW
· Device C ≤ 10 mW
Moreover, we think this part can be elaborated in the sub-section of Device power consumption in section 5 RAN design targets.

In the given context, Device A has the lowest level of complexity and power consumption compared to other devices, therefore a fairly simple protocol stack is preferred. For Device B, it can be similar as Device A as it also mainly rely on backscattering transmission. Meanwhile, the use case for Device B is quite similar to that of Device C. With the expectation that RAN provides a generic and low complexity AIoT design, it’s suggested the protocol stack for Device A, Devices B and C should be designed in a unified manner.
Based on above discussion, we give the following proposal for high level addressing the part of Editor’s note on whether to include device function:
Proposal 2: Device function is suggested as below:
· For Device A, a simple protocol stack should be adopted.
· For Device A, Device B and Device C, a unified design principle should be assumed.

Moreover, for the value of E1, E2, the storage capacity has a direct impact on the quality of the transmission signal as while as the device complexity. For example, a large storage capacity could supply a large transmission power and support the complex wave design, but result in a higher device complexity. In the current discussion, it may not be easy to define specific values of storage capacity. In order to avoid introducing restriction on the scope of the application of Ambient IoT without in-depth analysis, we suggest not to discuss the value of E1, E2, and only describe the storage capacity of Device B and Device C as "limited energy storage".
Proposal 3: It’s suggested not to discuss the value of E1, E2, and only describe the storage capacity of Device B and Device C as "limited energy storage".

Discussion on RAN design targets
 Coverage
According to the roughly summary for use cases identified by SA1, the communication distance indoor is about [10, 50] m, and the communication distance outdoor is about [100, 700] m. Combined with the coverage analysis in [3], for Ambient IoT, the suggested communication distance for indoor is less than 50m, and the communication distance for outdoor is more than 200m.
Proposal 4-1: For Ambient IoT, the suggested communication distance for indoor is less than 50m, and the suggested communication distance for outdoor is more than 200m.
[bookmark: _Toc130490668] Maximum message size
Also according to the use case identified by SA1, for inventory, the message size is about 100 bits; for sensor, the message size is less than 1000 bits; for positioning, the message size is about equivalent to inventory; for command, the message size is less than 200 bits.
Distinguishing message size according to different traffic types is helpful for network to efficiently allocate radio resources. Hence, we suggest to define the maximum message size for each traffic type and the following proposal is given:
Proposal 4-2: It’s suggested to define the maximum message size for each traffic type. That is, for inventory and positioning, the maximum message size is 100 bits; for sensor, the maximum message size is 1000 bits; for command, the maximum message size is 200 bits.
[bookmark: _Toc130490669] Latency
In general, the AIoT traffic isn’t delay sensitive. According to the use cases identified by SA1, for inventory, the latency is [hundreds ms, 1 minute]; for sensor, the latency is about several seconds; for positioning, the latency is also about several seconds; for command, the required latency is the most stringent, e.g., [hundreds ms, 10s]. It can be seen that the range of latency is still quite large. 
From the perspective of RAN, if stringent latency is assumed, the requirement and complexity for RAN design will increase. However, if too loose latency is assumed, the requirement of some services may not be satisfied. Therefore, latency requirement(s) from traffic perspective may be more suitable. So we suggest to postpone the discussion of latency in RAN SI, and wait for the further progress of SA1.
Proposal 4-3: For latency requirement, RAN could wait for the further progress of SA1.
[bookmark: _Toc130490670] Positioning accuracy
Considering the different coverage for indoor and outdoor, we think it would be more suitable to define the positioning accuracy for indoor and outdoor separately. According to the use cases identified by SA1, the positioning accuracy for both indoor and outdoor are 10m. Considering the coverage for indoor is only about 20m, the 10m positioning accuracy for indoor seems too coarse which may result in positioning to wrong place. Hence, we suggest that the positioning accuracy for indoor can be several meters.
Proposal 4-4: The positioning accuracy is 10m for outdoor and several meters for indoor.
[bookmark: _Toc130490671] Connection/device density
Considering the different coverage for indoor and outdoor, we also suggest to define the connection density for indoor and outdoor separately. According to analysis on the use cases identified by SA1, the maximum connection density is about 100000 devices/km2 outdoor and 1000000 devices/km2 indoor. It is comparable with million connections of NB-IoT.
Proposal 4-5: The maximum connection density is about 100000 devices/km2 for outdoor and 1000000 devices/km2 for indoor.
[bookmark: _Toc130490672] Moving speed of device
In section 5.9 Moving speed of device in TR 38.848, there is an Editor's note as below:
Edito’s note: It is FFS on absolute speed, relative speed, or both.

Considering the diverse use cases of AIoT devices, we suggest to define the speed requirements for devices separately. According to our analysis in 2.1, Device A and Device B generally support static or low speed, and Device C can support static, low or medium speed. However, as SA1 hasn’t provided the sufficient references on how to define the absolute speed for AIoT devices, we suggest to adopt the high level description of “static, low or medium speed” as speed requirements for AIoT devices.
Proposal 4-6: It’s suggested to describe that, the Device A and Device B are generally with static or low speed and Device C is generally with static, low or medium speed.
 Connection to core network
In some use cases of Ambient IoT, there are needs for managing a large number of Ambient IoT devices, supporting a certain mobility and/or certain security level. For example, in #27 end-to-end logistics, the owner of a network (e.g. in a factory or warehouse) can decide to use which part of the network (e.g. which base stations) to trigger Ambient IoT devices via core network. 
So we see the needs to let Ambient IoT device connect to core network. The core network could realize the track of an Ambient IoT device if it moves out of the coverage of gNB. Moreover, the core network is naturally suitable for managing large numbers of devices, providing security, mobility support and certain positioning accuracy etc. 
Moreover, connecting to the core network and coordinating management through the core network can better achieve coexistence with existing networks and reduce the impact on existing network performance. 
Shortly to say, for RAN design of a new technology in the scope of 3GPP, with connection to core network can be a basic assumption in general, which could make other discussions grounded and easier to move forward. The structure without a connection to core network can be checked later, based on the assumption that all RAN designs can be reused.
Proposal 4-7: It’s suggested RAN to also adopt connection to core network as one of the RAN design targets for further study

Functionalities
In [2], Rapporteur made an assumption on potentially required functionality which need to be identified for Ambient IoT in RAN. The assumed potential RAN functionalities were as below. 
(a) Security (authentication, encryption, data integrity, authorization)
(b) Positioning/localization/ranging
(c) Support of channel access regulations associated with unlicensed spectrum.
(d) Coexistence with legacy systems, devices, and network deployments
(e) Energy harvesting signals, and/or use of legacy signals for energy harvesting
(f) Identification and management of devices
(g) Possibility of CN connection, including for sporadic and opportunistic small data between device and core
· Suggest to send LS to SA on feasibility of solutions with/without CN
(h) Backscattering modulation
(i) Envelope detection in receiver
(j) Non-OFDM waveform in DL, robust against low-accuracy receiver architecture
(k) Compact protocol layers design
(l) Anti-collision methods / random access procedure / tag-reaction load distribution
(m) Interference mitigation (intra-reader, inter-reader, reader – cellular network)
(n) For topology (1) and (2), gNB/UE/intermediate node may need limited full-duplex capability
(o) Mobility management procedures
(p) Communicate with all, a subset, or one of the Ambient IoT devices present
(q) Activation, deactivation of ambient IoT device
(r) NW configuration of signals and channels for communication with Ambient IoT devices
(s) Control of when tag reflects/reacts to a received signal when addressed
(t) DRX
(u) Synchronization scheme robust against low-accuracy receiver architecture
(v) Coverage enhancement techniques with low device complexity

Per our understanding, these functionalities are more related to technical solutions and out of the study scope of RAN level. Moreover, in the current RAN discussion, if RAN adopts some functionalities, it may cause unnecessary restrictions on the WG-level analysis and discussion in the future. Hence, we suggest to not discuss the functionalities in this RAN SI.
Proposal 5: It is suggested RAN not to discuss the functionalities.
Conclusions
Based on the discussion, the following proposals are given:
Proposal 1: The Device design target for power consumption during transmitting/receiving is suggested as below:
· Device A < 10 µW
· Device A ≪ Device B < 1 mW
· Device C ≤ 10 mW
Proposal 2: Device function is suggested as below:
· For Device A, a simple protocol stack should be adopted.
· [bookmark: _GoBack]For Device A, Device B and Device C, a unified design principle should be assumed.
Proposal 3: It’s suggested not to discuss the value of E1, E2, and only describe the storage capacity of Device B and Device C as "limited energy storage".

Proposal 4-1: For Ambient IoT, the suggested communication distance for indoor is less than 50m, and the suggested communication distance for outdoor is more than 200m.
Proposal 4-2: It’s suggested to define the maximum message size for each traffic type. That is, for inventory and positioning, the maximum message size is 100 bits; for sensor, the maximum message size is 1000 bits; for command, the maximum message size is 200 bits.
Proposal 4-3: For latency requirement, RAN could wait for the further progress of SA1.
Proposal 4-4: The positioning accuracy is 10m for outdoor and several meters for indoor.
Proposal 4-5: The maximum connection density is about 100000 devices/km2 for outdoor and 1000000 devices/km2 for indoor.
Proposal 4-6: It’s suggested to describe that, the Device A and Device B are generally with static or low speed and Device C is generally with static, low or medium speed.
Proposal 4-7: It’s suggested RAN to also adopt connection to core network as one of the RAN design targets for further study

Proposal 5: It is suggested RAN not to discuss the functionalities.
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