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1. Introduction

In RAN#98e, the following agreements have been reached on the connectivity topology for Ambient IoT, which generally include all the potential candidates.
	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.


This paper discusses about the details of each candidate for the connectivity topology of Ambient IoT. The remaining points in the last meeting, such as combination of different topologies and multiple BSs, UEs or assisting nodes in one topology, will also be discussed. Besides, the impact of supporting different connectivity topologies on the air interface is an important issue be considered, especially considering device power consumption and complexity [1][2].
2. Connectivity topology for Ambient IoT
In RAN#98e, there have been 4 connectivity topologies agreed and another one for further study. 
2.1 Topology (1):  BS <-> Ambient IoT device
In Topology (1), Ambient IoT device directly communicates with basestation, as shown in Figure 1. 
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Figure 1 – Topology (1): Direct communication with basestation 
In general, Topology (1) can be regarded as the baseline for the use cases requiring continuous coverage over large service area in either indoor or outdoor scenarios. Topology (1) is assumed to have the advantage of high reliability and service availability referring to the mature network planning and interference management in existing 3GPP networks.

Proposal 1: The TR has the following description for Topology (1):
· In Topology (1), the Ambient IoT device directly and bidirectionally communicates with a basestation. The communication between the basestation and the ambient IoT device includes Ambient IoT data and/or signalling. For device A and B, the Ambient IoT device may be provided with a carrier wave from another node(s) either inside or outside the topology. Topology (1) can be regarded as the baseline for deployment scenarios demanding continuous coverage over a large service area. 
2.2 Topology (2):  BS <-> intermediate node <-> Ambient IoT device
In Topology (2), the Ambient IoT device directly communicates with an intermediate node, which is added to extend the coverage of basestation based on Topology (1). As shown in Figure 2, the intermediate node relays information between the basestation and Ambient IoT device.  
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Figure 2 – Topology (2): intermediate node
As Topology (2) is mainly used for the coverage extension of Topology (1), the two topologies may both exist in one network. It means that Ambient IoT device may be linked to basestation or intermediate node depending on its location. In other words, an Ambient IoT device is assumed to support both the two topologies. To simplify the device implementation for lower power consumption and complexity, the air interface between Ambient IoT device and intermediate node can target to be the same as in the connectivity topology of direct link to basestation. In other words, the backhaul link between intermediate node and basestation is transparent to Ambient IoT device.

Proposal 2: The TR has the following description for Topology (2):
· In Topology (2), the Ambient IoT device communicates bidirectionally with an intermediate node between the device and basestation. The intermediate node transfers the information between BS and the Ambient IoT device.  For device A and B, the Ambient IoT device may be provided with a carrier wave from another node(s) either inside or outside the topology. Topology (2) can be regarded as extending the coverage of the basestation in Topology (1).

2.3 Topology (3):  BS <-> assisting node <-> Ambient IoT device <-> BS
If the effective communication range is imbalanced between the downlink and uplink of Ambient IoT in Topology (1), an assisting node can be added to transfer data in the weaker link. For the purpose, Topology (3) may include the following two forms.
· If the coverage of the downlink in Topology (1) is obviously shorter than the uplink, an assisting node can be added to relay data from basestation to Ambient IoT device, as shown in Figure 3.
· If the coverage of the uplink in Topology (1) is obviously shorter than the downlink, an assisting node can be added to relay data from Ambient IoT device to basestation, as shown in Figure 4.
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Figure 3 – Topology (3): assisting node transmitting data/signalling to Ambient IoT device
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Figure 4 – Topology (3): assisting node receiving data/signaling from Ambient IoT device 
If the link budgets of downlink and uplink are similar or even balanced in Topology (1), the assisting node in Figure 3 and Figure 4 will offer little help from the view of coverage extension for basestation. It is therefore also worth developing a description of the cases of e.g. need for improving imbalance of Ambient IoT downlink and uplink communication range which are the primary interests for this set of topologies with assisting node.
Proposal 3: The TR has the following description for Topology (3):
· In Topology (3), the Ambient IoT device transmits data/signalling to a basestation, and receives data/signalling from the assisting node; or the Ambient IoT device receives data/signalling from a basestation and transmits data/signalling to the assisting node. For device A and B, the Ambient IoT device may be provided with carrier wave from another node(s) either inside or outside the topology. Topology (3) can help when the link budgets between downlink and uplink are imbalanced in Topology (1). 
2.4 Topology (4): UE <-> Ambient IoT device
In Topology (4), Ambient IoT device communicates with a UE type node. According to the descriptions on the related use cases in TR 22.840, it is preferred that the UE type node can be implemented based on a 3GPP UE, such as NR UE. In this way, it would be more convenient for some personal applications, such as ranging at home, indoor positioning in shopping center, and museum guide.
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Figure 5 – Topology (4): Direct communication with UE
In the use cases such as personal belonging finding, Ambient IoT device is supposed to communicate with UE type node and basestation in different scenarios (e.g., indoor and outdoor). It means that Ambient IoT device is assumed to support both Topology (4) and (1). To reduce the implementation complexity of Ambient IoT device for ultra-low power consumption and cost, it is preferred that the direct device link between Ambient IoT device and UE type node can be the same as the direct link to basestation.
Proposal 4: The TR has the following description for Topology (4):
· In Topology (4), the Ambient IoT device communicates bidirectionally with a UE. The communication between UE and the ambient IoT device includes Ambient IoT data and/or signalling. For device A and B, the Ambient IoT device may be provided with carrier wave from another node(s) either inside or outside the topology. It can be applied for some personal or home-oriented applications.

2.5 Potential Topology (5): UE <-> Ambient IoT device <-> {BS or UE}
The possible topologies corresponding to Topology (5) may include the 3 cases shown in Figure 6, Figure 7 and Figure 8, respectively. 
· In Figure 6, a UE type node sends control message to an Ambient IoT device to trigger a report. A Basestation will receive the report from the device.
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Figure 6 – Topology (5a): UE->Ambient IoT Device->BS
· In Figure 7, a basestation sends control message to an Ambient IoT device to trigger a report. A UE type node will receive the report from the device.
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Figure 7 – Topology (5b): UE<-Ambient IoT Device<-BS
· Different from the topologies in Figure 6 and Figure 7, two UE type node in Figure 8 will trigger and receive the report from the Ambient IoT device, respectively.
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Figure 8 – Topology (5c): UE->Ambient IoT Device->UE
In Topology (5), Ambient IoT device has to receive from and transmit to two different nodes, respectively. The topologies in Figure 6 and Figure 7 is similar to Topology (3) in Figure 3 and Figure 4, respectively. From the view of data flow, the difference is that no Ambient IoT data or signaling will be exchanged between basestation and UE type node. In this case, the overall communication procedure has to be coordinated according to some schemes above air interface or network, such as some schemes in core network or application server. It will cause the following three issues.

· The time-frequency resource allocation has to be performed by core network or application server, especially considering the case of triggered reporting from multiple Ambient IoT devices within a certain area. In conventional wireless communication systems, time-frequency resource allocation is done by the scheduling in higher layer of air interface, which has the advantages of higher efficiency and lower latency. It is especially unusual to perform resource allocation by application server.
· Conventional random access schemes cannot be applied, as they require a few steps of message exchange between device and node(s) to solve the possible competitive access between multiple devices. Without a proper random access scheme, the functionality such as inventory will be hard to be support, as will any use case with relatively high device density, due to contention between devices leading to low reliability and efficiency.

· Due to the uncertain latencies between the coordinator and basestation or UE type node, the basestation in Figure 6 and the UE type node in Figure 7 has to search in a large time window for the detection of the report from Ambient IoT device, which is assumed to have negative impact on the detection complexity and performance.
Regarding the topologies in Figure 8, it can be viewed as specific implementations of Topology (4) by multiple UE type nodes. Besides, the above three issues also exist, which may be even more complicated in the case of coordinator being implemented in application server.
From the above, Topology (5) can be assumed to be derived by Topology (3) and (4).
Observation 1: The potential Topology (5) can be derived from Topology (3) or (4).

Proposal 5: The potential Topology (5) is not included in the study. 

3. Combination between different connectivity topologies
To support continuous coverage over large local area or wide area, Topology (1) is assumed to be used as the baseline. Topology (2) can provide coverage extension based on Topology (1). For some use cases involving personal area coverage, Topology (4) may also be applied, especially in the case of using personal cell phone as the UE type node. In general, multiple connection topologies for Ambient IoT may exist in one network, depending on the various requirements and characteristics of the target use cases.
Similar to the relay and device-to-device communications in conventional 3GPP networks, the combination of different connection topologies is more like a network planning issue for Ambient IoT network. From the view of air interface, the detailed and complicated deployment is expected to be transparent to Ambient IoT device, so as to avoid increased implementation complexity and power consumption of device [3]. It is also hard for an Ambient IoT device to be aware of the connectivity topology currently applied to it in advance, due to the burst-type small-packet traffic and possible variation of connectivity topology depending on the location of the device. Consequently, the same air interface for different connectivity topologies is recommended, with backhaul or configuration link between nodes transparent to Ambient IoT device.
Proposal 6: The combination between different connectivity topologies could be regarded as a network planning issue, which can be mentioned in the TR but does not require separate study.
Proposal 7: It is recommended to target for same Ambient IoT air interface for different connectivity topologies
· Backhaul or configuration link between other nodes is transparent to Ambient IoT device.
4. Multiple BSs, UEs, or assisting nodes in one topology
For the topologies discussed in section 2, there may be multiple nodes transmitting to or receiving from an Ambient IoT device simultaneously. This kind of optimization can be used to improve the effective range of data or energy transmission.
Joint transmitting or receiving by multiple basestations has already been studied and applied for the performance optimization of 3GPP systems. The basic principle can also be used for Ambient IoT network, especially in indoor scenarios. The inter-site distance is usually only a few tens of meters for indoor micro- or pico-cell basestation, with limited transmit power for each. The basestations around an Ambient IoT device can sends energy signals to the device simultaneously. It is assumed to help improving the link budget of energy transmission, which is usually the bottleneck of the coverage for Device A. Besides, multiple basestations, no matter indoor or outdoor, can all receive uplink signals from the same Ambient IoT device. The joint receiving will certainly improve the uplink coverage by exploiting the spatial diversity. 
One thing should be noticed is that channel state information estimation is assumed to be too hard for Ambient IoT device with ultra-low complexity. From the view of air interface, the joint transmitting and receiving of basestation is more like an implementation issue transparent to Ambient IoT device. The case is similar for the schemes of multiple nodes in the other topologies due to the limited capability of Ambient IoT device.
Proposal 8: Specific study of joint transmitting or receiving of multiple nodes in one connectivity topology is not to be included in the topology study.
· The TR could include a description related to joint transmitting or receiving of multiple nodes as an implementation which is expected to be helpful for the coverage performance optimization of Ambient IoT, while note the limited capability of Ambient IoT devices, e.g. possibly no CSI measurement,. 
5. Conclusions

The observations and proposals in this paper are summarized as follows.
Observation 1: The potential Topology (5) can be derived from Topology (3) or (4).

Proposal 1: The TR has the following description for Topology (1):

· In Topology (1), the Ambient IoT device directly and bidirectionally communicates with a basestation. The communication between the basestation and the ambient IoT device includes Ambient IoT data and/or signalling. For device A and B, the Ambient IoT device may be provided with a carrier wave from another node(s) either inside or outside the topology. Topology (1) can be regarded as the baseline for deployment scenarios demanding continuous coverage over a large service area. 
Proposal 2: The TR has the following description for Topology (2):

· In Topology (2), the Ambient IoT device communicates bidirectionally with an intermediate node between the device and basestation. The intermediate node transfers the information between BS and the Ambient IoT device.  For device A and B, the Ambient IoT device may be provided with a carrier wave from another node(s) either inside or outside the topology. Topology (2) can be regarded as extending the coverage of the basestation in Topology (1).

Proposal 3: The TR has the following description for Topology (3):
· In Topology (3), the Ambient IoT device transmits data/signalling to a basestation, and receives data/signalling from the assisting node; or the Ambient IoT device receives data/signalling from a basestation and transmits data/signalling to the assisting node. For device A and B, the Ambient IoT device may be provided with carrier wave from another node(s) either inside or outside the topology. Topology (3) can help when the link budgets between downlink and uplink are imbalanced in Topology (1). 
Proposal 4: The TR has the following description for Topology (4):

· In Topology (4), the Ambient IoT device communicates bidirectionally with a UE. The communication between UE and the ambient IoT device includes Ambient IoT data and/or signalling. For device A and B, the Ambient IoT device may be provided with carrier wave from another node(s) either inside or outside the topology. It can be applied for some personal or home-oriented applications.

Proposal 5: The potential Topology (5) is not included in the study.
Proposal 6: The combination between different connectivity topologies could be regarded as a network planning issue, which can be mentioned in the TR but does not require separate study.

Proposal 7: It is recommended to target for same Ambient IoT air interface for different connectivity topologies

· Backhaul or configuration link between other nodes is transparent to Ambient IoT device.
Proposal 8: Specific study of joint transmitting or receiving of multiple nodes in one connectivity topology is not to be included in the topology study.

· The TR could include a description related to joint transmitting or receiving of multiple nodes as an implementation which is expected to be helpful for the coverage performance optimization of Ambient IoT, while note the limited capability of Ambient IoT devices, e.g. possibly no CSI measurement,. 
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