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1. 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 will give some further analysis on the characteristics of deployment scenarios for Ambient IoT and RAN design targets. Based on the analysis, some suggestions will be given for the following study in RAN.

2. Discussion

2.1 Discussion on the characteristics of deployment scenario

2.1.1 Basestation characteristic
According to the previous discussion, Ambient IoT can be co-deployed with the existing 3GPP infrastructure and the relevant basestation characteristic can be described according to the coverage range of macro BS, micro BS and pico BS.

· Macro-based cell: Due to a wide area coverage, macro-based cell can be applied to the Ambient IoT use cases with outdoor environment, e.g., farms, pastures and streets, etc. Since the Ambient IoT device may be far away from the macro BS, the assisting node will be needed for passive devices. And the active device and semi-passive device can be directly connected to the macro BS.

· Micro-based cell: Macro-based cell with a medium coverage can be applied to the Ambient IoT use cases with outdoor or large indoor environment, e.g., airport, hospital and shopping mall, etc. Considering the medium communication range, the active and semi-passive devices are directly connected to micro BS and the passive device is connected to the network through assisting node.

· Pico-based cell: The coverage range of pico BS is from 10m to 50m. So some Ambient IoT use cases with relatively small indoor environment (e.g., office building, library and cinema, etc) can be deployed in pico-based cell, where one or multiple sites may be sufficient to cover the service area. If the inter-site distance of pico cell is less than 30m, all of the Ambient IoT device types can be directly connected to pico BS. For the Pico-based cell with large ISD, the passive device needs assisting node to connect to the network.

Based on the above discussion, the details of BS characteristic are summarized in Table 1.

Table 1. BS characteristics for Ambient IoT

	BS Type
	Coverage
	Environment
	Coexistence

	Macro BS
	> 200 m
	Outdoor 

E.g., farms, pastures and streets, etc
	Inband, guardband and standalone for existing 3GPP sites

	Micro BS
	50-200 m
	Outdoor and indoor

E.g., airport, hospital and shopping mall, etc.
	Inband, guardband and standalone for existing 3GPP sites

	Pico BS
	10-50 m
	Indoor

E.g., office building, library and cinema, etc
	Inband, guardband and standalone for existing 3GPP sites;

Standalone for new sites


Observation 1: The following basestation characteristic are observed for Ambient IoT:

· Macro BS: Coverage range: > 200 m; Applicable environment: outdoor.

· Micro BS: Coverage range: 50 ~ 200 m; Applicable environment: outdoor and indoor.

· Pico BS: Coverage range: 10 ~ 50 m; Applicable environment: indoor.
To control deployment cost, Ambient IoT can be deployed in the shared macro, micro and pico sites with 3GPP and some new specific pico sites. Ambient IoT should support inband, guardband and standalone deployments to NR in frequency domain for the existing 3GPP sites and standalone deployment for new pico sites. Wherein, the study on inband and standalone deployments can be prioritized in RAN SI.

Moreover, some additional coexistence impact will be studied for inband or guardband deployment compared to standalone deployment. For example, new waveform needs to be considered based on the coexistence with OFDM for backscattering transmission. 

Proposal 1: The study on Ambient IoT deployment in-band to NR and standalone band from NR can be prioritized in RAN SI.

2.1.2 Spectrum

In aspect of spectrum, the usage of unlicensed spectrum is conducive to expanding vertical industry applications and increasing operators' spectrum resources. Meanwhile, the impact on legacy network can be reduced if Ambient IoT is deployed in an unlicensed spectrum band. Therefore, with the assumption that the same design as that for the licensed spectrum for Ambient IoT can be used for unlicensed spectrum, we see no need to preclude the unlicensed spectrum in this study. 

Furthermore, if Ambient IoT is supported in FR2, a signal energy attenuation will further reduce the communication range. As a result, more dense deployment of base stations or nodes will be required, especially for passive or semi-passive devises, which seriously increases network deployment cost. So we recommend a low priority for the study of Ambient IoT in the FR2 band.

Proposal 2a: It’s suggested RAN not to preclude unlicensed spectrum band in RAN SI.

Proposal 2b: It’s suggested RAN to deprioritize the study of Ambient IoT in the FR2 band.

2.1.3 Connectivity Topology 

In RAN#98e meeting, RAN has had much discussion on the connectivity topology, and agreed to define the following connectivity topologies as starting points for the next meeting discussion:
Agreement:
· Topology (1): BS <-> Ambient IoT device

· NOTE 1: Includes the possibility of BS Rx and BS Tx in different BSs

· Topology (2): BS <-> intermediate node <-> Ambient IoT device

· NOTE 1: Intermediate node can be relay, IAB, UE, repeater, etc. which is capable of ambient IoT

· Topology (3): BS <-> assisting node <-> Ambient IoT device <-> BS

· NOTE 1: Assisting node can be relay, IAB, UE, repeater, etc. which is capable of ambient IoT

· FFS: If the two BS can be different

· Topology (4): UE <-> Ambient IoT device

· FFS: Topology (5) UE <-> Ambient IoT device <-> {BS or UE}

NOTE: For potential topology (5), discuss its relation with other topologies, its necessity, etc. in RAN#99.

NOTE for all topologies: The Ambient IoT device may be provided with carrier wave from another node(s) either inside or outside the topology

NOTE for all topologies: The links in each topology may be bidirectional or unidirectional

FFS: Whether to consider combination of different topologies in the study.

FFS: BS, UE, or assisting node could be multiple BSs, UEs or assisting nodes, respectively.
Furthermore, in [3], just for information, the following figures are mentioned to give some help for understanding the Topology 2 and Topology 3.
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Topology (2)                                         Topology (3)

Figure 1: Example figures for Topology (2) and Topology (3)
In the following, we firstly give some our understandings on those connectivity topologies. 

In Topology (1), Ambient IoT device can directly connect to gNB(s). 

In Topology (2), intermediate node is capable of communication directly with Ambient IoT device and gNB. The Ambient IoT device is connect to gNB via UL and DL intermediate node, and there is no UL and/or DL direct link between gNB and Ambient IoT device. Topology (2) is applicable for the case where the UL transmission distance and/or DL reception distance that the Ambient IoT device can support is limited. Hence, we can clarify that in Topology (2), intermediate node is a relay-like node which is capable of both Ambient IoT and NR functions. 

Observation 2: In Topology (2), intermediate node is a relay-like node which is capable of both Ambient IoT and NR functions. 

In Topology (3), we understand the node type of the assisting node is same or similar as that of intermediate node in Topology (2), e.g., relay-like node for extending the coverage. The main difference is that Topology (3) can be applied to the scenarios where the uplink and downlink asymmetry or imbalance exist. If the radio quality is good enough in either direction, the device can communicate directly with the gNB(s) using Ambient IoT function. However, from perspective of standardization work, especially for the functions that assisting node and Ambient IoT device need to support, we see no difference between Topology (2) and Topology (3). Therefore, we think Topology (3) can be regarded as a special case of Topology (2).
Observation 3: From perspective of standardization work, especially for the functions that assisting node and Ambient IoT device need to support, we see no difference between Topology (2) and Topology (3). Therefore, Topology (3) can be regarded as a special case of Topology (2).

About the FFS for Topology (3), we see feasibility/benefit to allow that the two BS can be different. And we think this also can be allowed in Topology (2). The additional requirement may be that information exchange between the two BS.
Proposal 3: It’s suggested RAN to confirm that, in Topology (2) and Topology (3), the two BS can be different.

In In Topology (4), Ambient IoT device is directly connected to UE, possibly without control from gNB. In order to reduce the overlapping, we suggest to clarify that the scenario that Ambient IoT device is directly connected to UE which can be controlled from gNB would not be covered by this Topology (4) but be covered by Topology (2). 

Proposal 4: It’s suggested RAN to clarify that the UE in Topology (4) is without control from gNB

In Topology (5), we assume the intention is that an Ambient IoT device can be connected to a UE and another BS/UE simultaneously. With such understanding, we think Topology (5) can be achieved by the combination of Topology (2) and (4). Hence, we see no need to have another separate Topology (5). 

Proposal 5: It’s suggested RAN to remove Topology (5).

In general, the specification work in RAN begins with a design as general as possible in Uu. For Topology (1), a new Uu design between BS and Ambient IoT device will be needed, which can be further applied to other Topologies, e.g., Topology (2), Topology (3) etc. For Topology (2), it not only requires a new Uu design between intermediate node and Ambient IoT device, but also requires additional interface between BS and intermediate node to support the relay communication. This relay function design can also be applied to other Topologies, e.g., Topologies (3). Therefore, we think the discussion on Topology (1) and Topology (2) should be basic and needs to be prioritized.

Proposal 6: It’s suggested RAN to prioritize the study of Topology (1) and Topology (2).
2.1.4 Device category

Regarding device category, it was agreed that the following three categories are considered in RAN SI:  

· Device A: No energy storage, no harvesting ambient sources, no independent signal generation, i.e. backscattering transmission

· Device B: Has energy storage, no independent signal generation, i.e. backscattering transmission. Use of stored energy can include amplification for reflected signals

· Device C: Has energy storage, has independent signal generation, i.e. active RF component for transmission

Device A is a passive device. It converts a part of the energy of incident RF signal into direct current to supply working energy. As a 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 distance and LOS path. It’s difficult to work in complex channel environment. The power consumption of Device A is µW-level. Thus, Device A is more applicable 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 hardware working, but not for signal generation. As a Tx side, the information transmission is still achieved through backscattering an incident continuous wave. Device B requires a lower wake-up signal energy and amplifies backscattering signal power 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 cannot meet the energy requirements of hardware working. Consequently, when the stored energy is insufficient, the reception and transmission of information will need larger latency, especially for big 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 ambient energy harvest, e.g., RF energy and photovoltaic energy. The energy required to receive and transmit signals is completely supplied by the stored energy. As a 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 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 2.

Proposal 7: It is suggested RAN to capture the characteristics of Ambient IoT device categories in Table 2 in TR 22.840.

Table 2 Characteristic of device categories for Ambient IoT

	Characteristic
	Device A
	Device B
	Device C

	Battery
	Passive
	Semi-passive
	Active

	Energy source
	RF energy
	RF energy
	RF energy and/or other energy, e.g. photovoltaic energy

	Energy storage
	No energy storage
	Relatively small energy storage
	Relatively large energy storage

	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

	Signal generation
	Backscattering 
	Backscattering 
	Active signal;

[Backscattering] 

	Application
	Inventory

Positioning

[Sensors]

[Command]
	Inventory

Positioning

Sensors

Command
	Inventory

Positioning

Sensors

Command

	Maximum package size
	16 bytes for inventory;

32 bytes for Sensors and Command
	16 bytes for inventory;

32 bits for Sensors and Command
	16 bytes for inventory;

128 bytes for Sensors and Command

	Environment
	Indoor 
	Indoor; Outdoor 
	Outdoor 

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


2.1.5 Traffic assumption
In the SID, the traffic types of device-originated and device-terminated have been mentioned. In RAN#98 meeting, RAN attempted to clarify the details about the MO and MT, and concluded as following:

Conclusion 4-6
FFS: whether the TR will describe different types of device-terminated traffic, e.g. Device-Terminated command and Device-Terminated reporting trigger, and whether to describe relationships between device-originated and device-terminated traffic, etc.

Based on our understanding for use case groups and deployment scenarios, we think device-terminated traffic could be further categorized as following:

· Device-terminated reporting trigger (the corresponding services can be inventory, sensor report, positioning etc.), for example, in #1 Ambient IoT on automated warehousing in [4] , an inventory message from network may send to Ambient IoT device, and Ambient IoT device needs to feedback its ID.

· Device-terminated command (the corresponding services can be actuation, controller etc.), for example,  in #17 use case on Device Activation and Deactivation in [4], the gNB may send command to deactivate the associated Ambient IoT devices.

The main difference between Device-terminated command and Device-terminated reporting trigger is that UL application traffic may be not expected in Device-terminated command.

Proposal 8: It’s suggested RAN to introduce Device-terminated command and Device-terminated reporting trigger.

2.2 Discussion on RAN design targets

Based on the mapping between use case groups and deployment scenarios, which is discussed in [4], we further deduce the mapping between the use case groups/deployment scenarios and RAN design targets, and also the potential RAN design targets, as illustrated in the following Table:
	Main KPIs of use case group
	characteristics of deployment scenarios
	RAN design targets

	Deployment environment
	Environment (of device)
	<Basestation characteristic and channel conditions>
Coverage

	Communication Range
	Connectivity topology

< Device characteristic >
	(Device) Power consumption

(Device) Complexity

Coverage

<Whether and how to support repeater/NW relay/UE relay/energy supply>

	Service characteristics

User-experienced data rate

Message Size
	Traffic assumption

<Date rate>
	MO or MT

Data rate

	End-to-end latency
	<Delay sensitivity 
(e.g., detailed latency metrics, or delay – insensitive / delay - sensitive)>
	<Tolerable latency>

(e.g., tolerable round-trip delay and/or tolerable paging delay)

	Device density
	<Device density>
	<Connection density per cell>

	Positioning accuracy
	<Positioning accuracy>
	Positioning accuracy

	Security requirements
	<Security requirements>
	<Connection to core network>


(Note: the new items that don’t appear in WID or previous agreements are identified with color and angle brackets)

According to the above analysis for mapping between the use case groups/deployment scenarios and RAN design targets, we think the following RAN design targets are missed in the current discussion scope and need to be added:

Basestation characteristic and channel conditions
The Basestation characteristic is previously listed as one characteristic of deployment scenario. But we understand it’s more like a RAN design target that is used to meet the coverage requirement of different deployment environment, e.g., indoor or outdoor. According to the discussion in section 2.1.1, we can see the Basestation characteristic in legacy NR system can be leveraged in the discussion for Ambient IoT, while also with considerations on device characteristic and connectivity topology.

Tolerable latency

In general, latency and data rate are the key metrics to evaluate the performance of the data transmission, and they could have an important influence on the Uu design in terms of modulation, wave, scheduling etc. Hence, we should consider the tolerable latency in the Uu interface in the RAN design.

Connection density

For Ambient IoT, the inventory traffic is completely different from the traditional NR services. The inventory will cause many Ambient IoT device to access the network at the same time, which may cause access congestion. In addition, due to the very limited ability of Ambient IoT device, it is difficult to introduce flexible multi-carrier technology to increase the system capacity, which also limits the connection density. Therefore, the connection density of Ambient IoT could be another important RAN design target to study.
Connection to core network

In some use cases for 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 tracking 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 positioning accuracy etc. 
Moreover, for RAN design of a new technology in the scope of 3GPP, with connection to core network is generally a basic assumption, 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 9: It’s suggested RAN to further adopt Basestation characteristic, tolerable latency, connection density and connection to core network as RAN design targets for further study.
3. Conclusions

In this contribution, we give some further discussion on the other RAN aspects of Ambient IoT than the aspect of use case groups and deployment scenarios. Based on the discussion, the following proposals are given:

Observation 1: The following basestation characteristic are observed for Ambient IoT:

· Macro BS: Coverage range: > 200 m; Applicable environment: outdoor.

· Micro BS: Coverage range: 50 ~ 200 m; Applicable environment: outdoor and indoor.

· Pico BS: Coverage range: 10 ~ 50 m; Applicable environment: indoor.
Observation 2: In Topology (2), intermediate node is a relay-like node which is capable of both Ambient IoT and NR functions. 

Observation 3: From perspective of standardization work, especially for the functions that assisting node and Ambient IoT device need to support, we see no difference between Topology (2) and Topology (3). Therefore, Topology (3) can be regarded as a special case of Topology (2).

Proposal 1: The study on Ambient IoT deployment in-band to NR and standalone band from NR can be prioritized in RAN SI.

Proposal 2a: It’s suggested RAN not to preclude unlicensed spectrum band in RAN SI.

Proposal 2b: It’s suggested RAN to deprioritize the study of Ambient IoT in the FR2 band.

Proposal 3: It’s suggested RAN to confirm that, in Topology (2) and Topology (3), the two BS can be different.

Proposal 4: It’s suggested RAN to clarify that the UE in Topology (4) is without control from gNB

Proposal 5: It’s suggested RAN to remove Topology (5).

Proposal 6: It’s suggested RAN to prioritize the study of Topology (1) and Topology (2).

Proposal 7: It is suggested RAN to capture the characteristics of Ambient IoT device categories in Table 2 in TR 22.840.

Proposal 8: It’s suggested RAN to introduce Device-terminated command and Device-terminated reporting trigger.

Proposal 9: It’s suggested RAN to further adopt Basestation characteristic, tolerable latency, connection density and connection to core network as RAN design targets for further study.
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