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1. Introduction
In this contribution, we firstly review the progress of the SA1 and RAN-level study on Ambient IoT. Then we give our proposal on the scope for the Rel-19 study and share our consideration on the work plan.  
2. Discussion
2.1. Overview of progress of SA1 and RAN-level study
Up to SA1#104 meeting, it has achieved significant progress for the study on Ambient IoT in SA1 and the study has been completed [1][2]. The functional service requirements and the performance service requirements have been approved. W h
From the agreed performance service requirements, it has the following characteristics for Ambient IoT:
· very low date rate (i.e. user-experienced data rate of up to several kbit/s)
· relaxed end-to-end latency (i.e. from hundreds of milliseconds to tens of seconds)
· small payload (i.e. up to hundreds of bits)
· small coverage ranges from 10m to 50m indoor and relatively large coverage of up to 500m outdoor
· very high device density (i.e. millions of devices per km2) needed for some of the use case categorization
· sparse traffic interval (seconds to tens of minutes)
· positioning accuracy of 1-3m for indoor case and positioning accuracy of tens of meters for outdoor cases.  
On top of the SA1 study, the RAN-level study has also been completed [3]. In the RAN-level study, the presentative use cases are grouped (indoor, outdoor; inventory, sensors, positioning and command) for the SA1 use cases. 4 connectivity topologies (i.e.1: BS ↔ Ambient IoT device, 2: BS ↔ intermediate node ↔ Ambient IoT device,3: BS ↔ assisting node ↔ Ambient IoT device ↔ BS,4: UE ↔ Ambient IoT device) are agreed for further study. 5 deployment scenarios (i.e. {Device indoors, basestation indoors}, {Device indoors, basestation outdoors}, {Device indoors, UE-based reader}, {Device outdoors, basestation outdoors}, {Device outdoors, UE-based reader}) are categorized. For the above use cases and deployment scenarios, 3 types of Ambient IoT devices (i.e. Type A/B/C) are categorized for further study. In addition, the RAN design targets are also studied and set, including device power consumption, device complexity, coverage, user-experienced data rate, maximum message size and latency etc.
2.2. Proposed scope for the study in Rel-19
Considering the requirement from the use case and requirement study in SA1 and the identified important aspects in the RAN level study, the following shall be in the scope of the study on Ambient IoT in Rel-19.   
· Ambient IoT communication with different topologies and deployment
Based on the discussion in the RAN-level study, 4 connectivity topologies have been identified and discussed. 
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Figure 2.2-1: Topology 1
In topology 1, Ambient IoT device communicates directly (in both DL and UL) with the gNB.  Considering the constraints of the complexity and power consumption of Ambient IoT devices, the coverage of direct commutation will be limited. Firstly, the receiver sensitivity of Ambient IoT device will be worse than that of legacy UEs. Please note that the device receiver sensitivity will depends on the device type (i.e. device type A/B/C) and the receiver architecture, but it can be expected that even for device type C which has higher device capabilities than the other 2 types, the receiver sensitivity will be still much lower that that of legacy cellular terminal. Therefore, the DL coverage of Ambient IoT will be smaller than legacy cellular system. In addition, the device transmission power of both device types supporting backscattering and active transmission will be much lower than that of legacy terminal (i.e. Typically, maximum transmission power is 23dBm for NR/LTE/NB-IoT terminal). For example, the transmission power of active transmission will be lower than X dBm (e.g. maybe X =0 is a reasonable value) considering the power constraints. For backscattering, the device output power will be even lower considering the pathloss and backscattering loss. Therefore, the UL coverage will also be much smaller than that of legacy system.  So, it is difficult to reuse the existing cellular infrastructure for topology 1 and it is suitable to provide network coverage for specific areas for various verticals application, such as logistics, warehouse and manufacturing etc. 
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Figure 2.2-2: Topology 2
In topology 2, there is intermediate Node/UE between the gNB and Ambient IoT devices, it is able to extend the coverage of Ambient IoT thanks to the good coverage of the intermediate Node/UE. So, with topology 2, it can provide same coverage as legacy cellular system. Therefore, the distinguished advantage of topology 2 is it can well facilitate to reuse the existing cellular network infrastructure to support Ambient IoT with relatively small and acceptable deployment cost. Another merit for topology 2 is that it can provide much better wireless power transfer than in topology 1 since there can be sufficient intermediate nodes deployed due to its lower cost and smaller size than that of gNB. Please note that, although many kinds of ambient power sources are considered to power Ambient IoT devices, the most controllable one is still wireless radio waves. It can be applicable in most of use cases and scenarios without deployment restrictions as other ambient power (e.g. device using solar power can only work in outdoor and in daytime, device using vibration power can only be powered when there is motion). One example is shown in Figure 2.2-3a, the intermediate node can help to extend the coverage of both Ambient IoT commutation and wireless power transfer even in indoor case, which is very important for the scenarios with blocking issues.  
In addition, the intermediate node can work even in high-speed scenario, this is very important and essential for some of the use cases. One example is shown in Figure 2.2-3b, with topology 2, the intermediate node in a truck can collect the real-time temperatures of the fresh food even when the truck is running on a highway.   
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(a)                                                                           (b)
Figure 2.2-3: Topology 2 extends coverage for various applications
In topology 4, Ambient IoT device communicates with a UE and the endpoint of the collected data is at the UE. It is applicable for use cases such as smart home or indoor positioning etc. Without the involvement of the network, it is difficult to operate in licensed band with topology 4. It can be further studied for unlicensed band operation in later release. 
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Figure 2.2-4: Topology 4
In topology 3, an intermediate Node or a UE helps to assist DL reception (Figure 2.2-5a) or UL transmission (Figure 2.2-5b).  Compared with topology 1 and topology 2, topology 3 is more like of a compromise since in one direction it is direct link while in another it is indirect link. In some scenario where the coverage of DL link is the bottleneck or where the coverage of UL link is the coverage bottleneck, it can provide some benefits with topology 3. 
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(a)                                                      (b)
Figure 2.2-5: Topology 3 with downlink/uplink assistance
Based on the above discussion, we propose to study topology 1, topology 2 and typology 3 with high priority in Rel-19. The detailed aspects of these 3 topologies shall be carefully studied in conjunction with Ambient IoT device types and the target deployment scenarios. For example, the link budget, the coverage, the required transmission power from the device, the requirement of the network for each device type under different topologies etc. need to be evaluated. 
In addition, in order to avoid fragment and control the work load, the same interface can be targeted for these 3 topologies, e.g., communication between intermediate Node or a UE and Ambient IoT device in topology 2 and communication between a gNB and an Ambient IoT device in topology 1.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 1: For topologies, study topology 1, topology 2 and typology 3 for Ambient IoT with high priority in Rel-19.
· The same interface is targeted 
· Ambient IoT device types
Three different Ambient IoT device types have been discussed during the RAN-level study. The RAN design target has also been set for the three device types. For Device A, the complexity target is to be comparable to UHF RFID ISO18000-6C (EPC C1G2) and the power consumption target during transmitting/receiving is ≤ 1 μW or ≤ 10 μW. For Device C, the complexity target is to be orders-of-magnitude lower than NB-IoT and the device power consumption during transmitting/receiving for Device C is ≤ 1 mW to ≤ 10 mW. The device complexity and the power consumption of Device B is in between that of Device A and Device C.
In order to support these device types, various new techniques to 3GPP need to be studied and supported. For example, techniques to enable ultra-low power receiver such as envelope detection, low-complexity and low-power oscillator, techniques to enable ultra-low power transmitter such as backscattering, ultra-low power signal generation (with reasonable power efficiency for power saving), amplification for reflected signals etc. 
Though these amazing techniques have the potential to facilitate to support these new device types in 3GPP and open a totally new market, there are also various challenges:
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Full-duplex issue in case of backscattering
For device type A/B, it uses backscattering for uplink transmission. For monostatic deployment, i.e., the gNB send the carrier in DL and receive the backscattered uplink signal at the same time, there is full-duplex issue. Typically, the backscattered UL signal and the DL carrier overlap in the frequency domain, although the modulated bandwidth of the UL signal is larger than the DL carrier. It is challenging to mitigate the very high interference from the DL signal and separate the very low backscattered UL signal at the gNB side, especially when the distance between the gNB and the Ambient IoT device is long since there are double pathloss for the backscattered UL signal. In addition, the maximum communication distance is restricted by the interference mitigation level.  
· Low-complexity active transmitter  
For device type-C, it needs to support active transmitter. Due to the power and complexity constraints, it is difficult to use the crystal oscillator as the time reference for Ambient IoT devices. Much simplified and low-complexity oscillator can be used. The issue for such kinds of implementation is its low clock accuracy. In that case, how to guarantee the time and frequency synchronization for ambient IoT device shall be studied.     
· The interference from legacy cellular system due to low complexity receiver
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For device type A/B, in order to achieve ultra-low power consumption that is at the similar level with RFID, i.e. 1 μW or ≤ 10 μW. Receiver architecture of RF envelope detection shall be used. Although with good potential to achieve ultra-low complexity and ultra-low power consumption, such kind of receiver has very poor filtering capability. Typically, the matching network only support band level filtering. However, when Ambient IoT deployed in licensed bands (which will be the typical/only operation for 3GPP at the early stage), there will legacy celluar system (e.g. GSM, NR, LTE, NB-IoT etc.) deployed. Therefore, the DL signal for ambient IoT device will face strong interference from these legacy systems. One very preliminary simulation is performed to show the potential interference as shown in Figure 2.2-6.
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Figure 2.2-6 DL interference from legacy cellular system
· FDD operation in case of backscattering
Another issue is how to support backscattering in FDD bands. Please note that FDD band will be the most possible applicable band for Ambient IoT. 
There is distance between DL frequency band and UL frequency band for FDD. Whether it can provide carrier in DL frequency band and backscattering in UL band needs to be further studied. Based on our prototype development experience, it is possible to do such kinds of frequency shift if the device is able to generate a local signal of several MHz to tens of MHz. Another possibility is to provide the carrier in the same UL band where the ambient IoT device performs backscattering.
    
· The interference to legacy cellular system due to backscattering
Similar as DL, the filtering capability for UL may also be very poor for the Ambient IoT device. The signal leakage from Ambient IoT devices needs to be suppressed to avoid the interference to other system coexisted in the same frequency band.
For backscattering using ON-OFF keying, there may be harmonic component leakage since e.g. frequency spectrum of OOK modulation is Sax function. How to suppress the harmonic component leakage needs to be studied. 

· Roaming and operation under different operator’s network
Almost all the existing 3GPP technologies support roaming in different countries/regions or operated in different operator’s network.  For Ambient IoT, it may only require local or domestic operation such as agriculture, environment monitoring, manufacturing, smart home etc. But for some other applications e.g. international logistics wearables, it may also require roaming in different countries or operation in different operator’s network. 
For Ambient IoT device, how to support roaming and operation under different operator’s network needs to be studied while considering not to significantly increase the device complexity.  

Based on the above discussion, it can be seen there are challenges to support all these Ambient IoT device types. We propose to have an intensive study campaign for the candidate techniques for Ambient IoT type-A/B/C in Rel-19. 
Proposal 2: Study the key candidate techniques for Ambient IoT type A/B/C in Rel-19.
· Waveform for DL and UL 
In order to enable ultra-low complexity and ultra-low power consumption, simple waveform is needed for both DL and UL. OOK, PSK, FSK are potential candidate waveforms for Ambient IoT. Detailed study is needed to evaluate each kind of the wave considering the performance, adaptation to the channel condition (e.g. indoor/outdoor, Macro/Micro coverage etc.), feasibility to work together with backscattering etc.
· Modulation and coding
Similarly, simple modulation and coding is needed for Ambient IoT. Manchester coding, NRZ (Non-Return-Zero) coding, etc. are potential candidate modulation and coding scheme for Ambient IoT. It needs to studied which modulation and coding scheme(s) is/are suitable.
· Physical channel and physical procedure
With new waveform, modulation and coding scheme, almost all the physical channels need to be newly designed for Ambient IoT. In addition, the physical procedure such as time and frequency synchronization, backscattering/active transmission, initial access, positioning, scheduling, HARQ, power control etc also needs to be specifically studied for Ambient IoT.  
· Light-weight communication
It is too complicated to support legacy L2/L3 procedures including random access, RRC connection, authentication/authorization etc. for Ambient IoT devices. Simplified L2/L3 procedures which only involve necessary interactions between Ambient IoT device and the network needs to be designed for Ambient IoT. 
· Light-weight security
It is very challenging or impossible for Ambient IoT device to support legacy 5G security mechanism (i.e. authentication/authorization, encryption and decryption etc.) due to the constraint of device complexity and limited power.  Light-weight security is proposed for Ambient IoT. Whether there is RAN impact in order to support light-weight security can be further evaluated. Potentially, it can be further decided based on the study in SA3. 
Hence, based on the discussion above, we propose that at least the following are in the scope of study for Ambient IoT in Rel-19.
Proposal 3: It is proposed to study also the following for Ambient IoT in Rel-19:
· Waveform and multiplexing for DL and UL
· Modulation and coding
· Physical layer channel design and physical procedure
· Light-weight communication
· [Light-weight Security]
· Energy harvesting and wireless power transfer
As mentioned earlier, besides communication, wireless power transfer also needs to be considered. Since wireless power is still the most controllable power source for Ambient IoT.
In some scenario, it is possible that the wireless power transfer is provided by the gNB (e.g. as in topology 1) or intermediate node (e.g. as in topology 2) to Ambient IoT devices. However, it is known that the coverage of wireless power transfer will be limited by the energy harvesting threshold which may depend on the Ambient IoT device implementation. Typically, based on the state of art, the threshold is -20dBm~-30dBm, which is much higher than the receiver sensitivity of legacy cellular terminals. Therefore, the coverage of wireless power transfer layer will be much smaller than that of legacy cellular communication. 
To address this issue and extend the coverage of wireless power transfer, we propose to support third-party wireless power transfer, as shown in Figure 2.2-7. With third-party power sourcing node, the coverage of Ambient IoT will be not limited by wireless power transfer, but by the receiver sensitivity of Ambient IoT device, which will be much better than the energy harvesting threshold. In addition, as discussed earlier, using a separate node to provide the wireless power and also the carrier for backscattering, it can address the full-duplex issue. 
[image: ]
Figure 2.2-7 Dedicated wireless power transmission
Proposal 4: Study to support wireless power transfer in Rel-19.

· Ambient IoT positioning 
To support the representative categorization of Ambient IoT use cases, i.e. inventory, sensors, positioning and command, besides Ambient IoT communication, Ambient IoT positioning also needs to be studied. On one hand, the requirements on positioning from SA1 shall be well met. On the other hand, the constraints of ambient powers and very limited device complexity needs to be taken into consideration for ambient IoT positioning. Therefore, methods need to be investigated for Ambient IoT positioning in order to tackle the unique challenges. Some detailed considerations and analysis on Ambient IoT positioning including potential positioning mode, a promising Ambient IoT positioning scheme based on carrier phase difference and the simulation results are given the Annex 5.1. In addition, to verify the proposed method, a prototype is also being developed, as shown in Figure 2.2-8. Some preliminary testing results are collected as in Figure2.2-9. 
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Figure 2.2-8 Testing environment of ambient IoT positioning prototype
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[bookmark: _GoBack]Figure 2.2-9 Preliminary testing results of Ambient IoT positioning 
Proposal 5: study Ambient IoT positioning in Rel-19.


3. Conclusion
In this contribution, we discussed the scope of the study on Ambient IoT in Rel-19 and we have the following proposals:
Proposal 1: For topologies, study topology 1, topology 2 and typology 3 for Ambient IoT with high priority in Rel-19.
· The same interface is targeted
Proposal 2: Study the key candidate techniques for Ambient IoT type A/B/C in Rel-19.
Proposal 3: It is proposed to study also the following for Ambient IoT in Rel-19:
· Waveform and multiplexing for DL and UL
· Modulation and coding
· Physical layer channel design and physical procedure
· Light-weight communication
· [Light-weight Security]
Proposal 4: Study to support wireless power transfer in Rel-19.
Proposal 5: study Ambient IoT positioning in Rel-19.
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5. Annex
5.1  Ambient IoT Positioning
Based on the SA1 discussion, 4 functionalities of ambient IoT have been identified, including inventory, sensors, positioning and actuators. Positioning is one of the most important functions and it is required in about 12 use cases among the agreed use cases in SA1.  Early support of ambient IoT positioning in 5GA is critical to fulfill the urgent requirement from verticals.
According to the outcome of SA1 study, accuracy requirement of ambient IoT positioning is around 1~3 meters in horizontal direction, and there are 2 possible roles for ambient IoT devices in positioning, as shown in Figure 3 and Figure 1  respectively. However, it faces more challenges for Ambient IoT device to support positioning due to its ultra-low device complexity (e.g., narrow bandwidth, poor timing stability etc.) and its ultra-low power constraints.  To fulfill the services requirement from verticals, poisoning methods need to be studied for ambient IoT.
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Figure 5.1-1 Tags to be positioned.

[image: ]
Figure 5.1-2 Tags used as anchors to position another device.
Specifically, there are 3 possible candidate techniques for ambient IoT positioning, timing-based positioning, RSRP based positioning, and phase-based positioning. The accuracy for TOA detection in timing-based positioning is highly dependent on PRS bandwidth (the distance error is about 60m with 24 RBs), which means that this method can hardly be used for ambient IoT positioning. Based on our evaluation, RSRP-based positioning cannot guarantee the accuracy required by ambient IoT positioning, as shown in Figure 2 below.
[image: 图表, 折线图
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Figure 5.1-3 Accuracy of RSRP-based positioning where a target UE is positioned based on RSRP w.r.t. reference Tags 
Positioning based on phase difference will be the most promising method suitable for ambient IoT device, due to its ultra-low device complexity (e.g., narrow bandwidth, poor timing stability etc.). As illustrated in Figure 3 below, assuming two signals @f1/f2 can be transmitted/backscattered by the ambient IoT tag, and the signal departs from the tag at t=0, received by gNB at t=T, the phase difference can be formulated as:
 +
Therefore, if phase difference  of two signals @f1/f2 can be measured and assuming  is pre-known, the distance d can be derived. Our preliminary evaluation results (Figure 4) show that it is feasible to satisfy the accuracy requirement with this method.
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Figure 3 Positioning using carrier phase difference.
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Figure 5.1-4 accuracy of positioning based on carrier phase difference.
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