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[bookmark: _Ref488331639]Introduction
In earlier discussion, RAN had discussed ambient IoT and concluded the main aspects about the use cases for RAN study, the deployment scenarios, device categorization, design targets and assessment. 
To assist more focused work in following stage, some of the aspects could be further refined. We try to clarify those issues in the contribution.
There are few details left open for functionality and feasibility. This contribution will give more inputs on those open entries.
We also have some initial discussion on the potential technologies for ambient IoT and consider those for feasibility assessment. 
Deployment scenarios and use cases
Connectivity topology
In earlier meetings, the 4 connectivity topologies are defined. 
•	Topology (1): BS <-> Ambient IoT device 
•	Topology (2): BS <-> intermediate node <-> Ambient IoT device 
•	Topology (3): BS <-> assisting node <-> Ambient IoT device <-> BS 
•	Topology (4): UE <-> Ambient IoT device
Further in RAN plenary meeting 99, we concluded that Topology (5), i.e. UE <-> Ambient IoT device <-> {BS or UE}, is not supported. The combinations of topologies are regarded as a network implementation choice.
In Topology (3), few further considerations would be based on some advanced design. As an open point, the original gNB would be different to the terminal gNB in the topology. In the topology, the main benefit would be the full duplex can be alleviated by the assisting node. This could be achieved by either same gNB with interference cancellation or different gNBs. If the clarification would be introduced, same gNB should be assumed for the starting point. However, no further clarification would mean WGs will select later.
At least an assisting node is used to help to provide carrier (if backscattering is used) or to receive the data from the ambient IoT device and forward the data to the gNB. It can reduce the complexity of the gNB if an assisting node is used. When backscattering is used, it can be the gNB or the assisting node to provide the carrier for backscattering and the other to receive the backscattering signal. In the topology, multiple assisting nodes may be beneficial for the ambient power devices, as the device power consumption and coverage are quite limited. The coordination of the multiple assisting nodes would be with some addition study point for ambient IoT. The essential schemes may no be different to single assisting node. Thus, we also need to focus on single assisting node.
Proposal 1: If the Topology (3) is further clarified, same gNB is assumed for transmitting and receiving data. Single assisting node in a communication is also assumed for the topology.

Spectrum and Coexistence
The typical Ambient IoT devices have very limited energy collected for communication. The number of carriers for DL detection should be 1 carrier. UL transmission should also be 1 carrier, and may or may not be the same. With regard of the carrier spectrum, several options are discussed.
We had the following agreement: 
Agreement:
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The study considers Ambient IoT deployment in-band to NR, in guard-band of NR, and standalone band from NR, and FFS: relationship to deployment scenarios.
· Note: Prioritization among them can be discussed in later meetings.
NR eMBB have good spectrum resource for deployment. This helps to the success of NR commercialization. For some lower band like 700MHz & 900MHz, ambient IoT can achieve better coverage to meet the requirements. The needed spectrum for Ambient IoT may not be too much as the data rate requirement is much smaller than NR. Thus, ambient IoT can be deployed in the same NR band with eMBB. In order to improve the resource utilization efficiency, supporting In-band deployment should be ensured. We mainly consider the in-band deployment and the related coexistence technologies with NR.
Also, consider the licensed or unlicensed spectrum, the 3GPP work may need to be focused in licensed one. Licensed band have higher transmission power and less interferences. The Ambient IoT devices may not be able to support complex LBT in unlicensed band.
Proposal 2: Ambient IoT deployment in-band to NR is supported with high priority.

Traffic assumption
The serving traffic of Ambient IoT need some further definition to continue the RAN study. One aspect is the traffic parameters on the frequency and volume. 
For the traffic parameters, RAN had initial data rate up to 5kbps. Although this may be lower than requirements of potential use cases, it can meet most of the application scenarios. However, the 0.1 kbps would be too low to cover the use cases. Thus, we propose to have the lower bound as 1kbps. Note that the updated SA1 summary only take up to 2kbps data rate. Thus, 1kbps could be sufficient for further evaluation.
Next step, we see the RAN level (if time allowed) or later WG level can decide the arrival probability, periodicity and packet sizes based on the data rate. This methodology can mainly be based on the previous study of IoT type technology. Considering the data rate is much lower, packet size and arrival rate can be adjusted accordingly.
Proposal 3: Ambient IoT Traffic assumption can introduce the traffic model parameters with equal or more than 1kbps user experienced data rate.

Device categorization
Working assumption:
This framework is used to categorize energy storage:
· Storage 1: no storage at all
· Storage 2: Up to E1 joules
· Storage 3: Up to E2 joules
[bookmark: _Hlk136817214]FFS: In RAN#99 value(s) of E1, E2 and it is possible that E1=E2, in which case we have only two storage categories. Note in this case that storage 2 and 3 could be replaced by a single description such as ”limited energy storage”, instead.

Agreement:
The following set of Ambient IoT devices are considered in the SI:
· Device A: No energy storage, 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 
FFS: Whether to include device function
FFS: Whether to include a target maximum power consumption for each device
FFS: Whether/how to describe what stored energy is used for (in addition to the statement for Device B)
FFS: if combination of these devices will be considered.

Regarding the different device categories, we further consider the power limit of E1 and E2. We see the power storage capacity is not directly related to the transmission of backscattering one or active one. That is, 2 joules may support active transmission for 1s and 1 joule may support that for 0.1s as example. The energy level only impact communication time. Thus, we may not need to identify the energy storage limits. And, the energy storage may be depending on components. We propose to not differentiate the power storage 2 and 3.
[bookmark: _Hlk129608399][bookmark: _Hlk129633818]We already introduce differentiation of Device B and Device C based on power consumption in the conclusion of RAN #99. Study has shown that only up to tens of mW (under the best condition) can be harvested from wireless radio waves and less than 1 mW can be harvested from solar panel with size of 1 cm2. In addition, there will be maximum EIRP restriction and transmission duration restriction, which limit the total power available for Ambient IoT devices. In general, the power consumption of the Ambient IoT devices have to be significantly lower than the existing IoT devices of 3GPP.
[bookmark: _Hlk136817221]Under this framework of different power consumptions, we suggest select the 1mW as the upper limit of the Device C. The upper limit of the Device B can be 100μW.
Proposal 4: For energy storage, E1, E2 is further conclude as the same and the study has only two energy storage categories.
Proposal 5: RAN study select the 1mW as the upper power consumption limit of the Device C. The upper limit of the Device B can be 100μW.

Other design targets

Device capability
Definition of ambient IoT device[8] , as in the following:
Ambient IoT device: An ambient power-enabled Internet of Things device is an IoT device powered by energy harvesting, being either battery-less or with limited energy storage capability (e.g., using a capacitor).
Ambient power enabled IoT has the distinguished characteristics such as: battery-less, ultra-low cost, small size, maintenance-free and long-life cycle. It has the immense potential to fulfill the unmet requirement from various of verticals and open one new market for 3GPP. On the other hand, significant study (including that in RAN) shall be performed to achieve the design target.
With extremely limited power constraint from ambient power, it has to support ultra-low power communication. The power consumption level would be less than e.g., 1mw, which is never reached within 3GPP (please note that the peak power consumption of existing 3GPP IoT device is at least hundreds of mw). Due to the power consumption restriction and the target ultra-low complexity, much lower capability than NB-IoT/MTC is required. Furthermore, overlapping with the existing 3GPP IoT technologies shall itself be avoided in order not to induce market fragment. 
In addition, unlike with conventional battery, it may be unstable and the amount of power is expected to be very limited for most of the considered use cases and scenarios [2] [5] . But on the other hand, it requires ambient IoT to support device identity reading and reporting, sensor date reading and reporting or even positioning. All these challenges mean a new working aera, which would be quite different from where the current 3GPP technologies have been, is required.
[bookmark: _Hlk129611720]Observation 1: Much lower capability than NB-IoT/MTC is required for ambient IoT due to:
· Requirement from the targeted use cases
· Extremely limited power constraint from ambient power
· Avoiding the market fragment/overlapping with existing 3GPP IoT technologies
In order to tackle the envisioned challenges, careful study will be needed in RAN. Kinds of techniques to achieve ultra-low power consumption, ultra-low complexity, e.g., backscattering, ultra-low power transceiver, low-complexity waveform/modulation/coding, shall be investigated. Compact protocol design is required to manage aspects such as connection management, efficient scheduling, access control, mobility management etc. for the light weight devices. 
On the other hand, during the discussion in SA1, the difference with technologies outside of 3GPP, such as RFID has also been discussed. RFID is a well-designed technology for identification. It generally uses radio waves from the reader as the power source and it pursue ultra-low cost. However, we propose to set a clear boundary between RFID and ambient IoT, due to the following constraints from RFID:
· Only support single-tag connection at one time and NOT able to communicate to with multiple RFID tags simultaneously. 
· No power management, i.e., only operating instantly with harvested power 
· Very low system efficiency
· Although multiple RFID channels in a band, FDM is Not supported due to ultra-low complexity of RFID tags (e.g., no channel level filtering)
· Strong interference between DL/UL due to full-duplex operation.
· It needs thorough interference cancellation for the reader before detection of the uplink signal
· Communication distance can be significantly improved with separate transmitter and receiver of the reader
Due to the above constraint, there is bottleneck of the performance which RFID can provide: e.g., limited communication range (generally less than 10 meters), limited number of devices can be processed at the same time, low system efficiency. From the summary of the requirement of the use cases, it calls for higher performance for ambient IoT.
[bookmark: _Hlk129611730]Observation 2: For ambient IoT, it shall overcome the constraint of the existing RFID technologies. 


Figure 1 Device categorization for ambient IoT

One of the example driven this is that Ambient IoT devices should support quite larger coverage than RFID as required in the use cases. Therefore, it is proposed to support a device capability in between RFID and existing 3GPP IoT technologies, as shown in Figure 1. 
We may need to implement the about Ambient IoT capabilities in the recommendation of the Study. Before the recommendation several details of Devices are to be clarified. For Device C, the low power amplifier should be supported. It can work in TDD or FDD duplex mode, supported by the power storage. To support better coverage, backscattering signal can be amplified. Since Device A don’t have power storage, amplifier may not work for Device A, but for Device B.  
The current agreement has state that Device A would be comparable to UHF RFID ISO18000-6C (EPC C1G2). And, the current power consumption is quite close to RFID. 
Considering all the above factors as the further clarification, the Device A would be quite overlapping with other existing technologies. This should not be the first priority for repeating other technologies into 3GPP.
[bookmark: _Hlk129611748]Proposal 6: For ambient IoT, it is proposed to support a device capability in between RFID and existing 3GPP IoT technologies.
· Ambient IoT device has a much lower device capability that NB-IoT/MTC but has a higher device capability than RFID.
· To put more specific scope for WG study, RAN can recommend Device C/B as the starting point.

Coverage
For 3GPP network, good coverage ensures the network service. Coverage will be the important factor for Ambient IoT services. In SA1 ambient IoT study, we initially have that communication Range from 10~50 meters for indoor (with one exception of 250 meters with open area indoor scenario) and up to 200 meters for outdoor are required for the agreed use cases. 
However, several cases with 500m or 700m was further proposed into the use case. In the summary of SA1 TR, those coverages are included now. For ambient IoT, it is technically not feasible with the current technologies to support 500m meter coverage, even under the condition with Device C with 1mW power consumption. The 10mW Device C would also be difficult to cover long range, if the power is for both receiver and transmitter.  
[bookmark: _Hlk129611798]Observation 3: Small coverage (10~50 meters) to medium coverage (up to 250 meters) are more feasible from the agreed use cases in SA1. 
At least for the first stage of Rel-19 study, we can start from up to 50 meters for indoor, and up to 200 meters for outdoor.

Positioning accuracy
For positioning services, SA1 has agreed Positioning accuracy of 1-5m for indoor, several 10m for outdoor in KPIs in the SA1 TR [2]. Thus, outdoor accuracy can be around ~30m, by RAN decision. The positioning service availability have in range of 90%~99% in the SA1 study for some of the use cases.

Security
Due to the ultra-low complexity of the device and the power consumption, optimized security may need to be considered. If Physical layer security is used, there is RAN impact. The detailed requirement should also be driven by SA input.
In the further discussion in SA1, it is concluded that the Ambient IoT will support same level of security mechanism [2]. We can further wait SA3 discussion for the exact security requirement.

Targets for required functionalities
Regarding the remaining issue of required functionalities, the target design should be given. We propose the following 2 Tables as the TP for finalizing the study. The recommended design target is also based on the SA1 updated TR in [2]. As we discussed in previous sections, some of values are further selected with feasibility consideration.
Table 1. Required functionality for supporting RAN design target
	Design target
	Functionality

	Device power and complexity
	1 μW < Device A power ≤ 10 μW.
10 μW < Device B power ≤ 1 mW.
100 mW < Device C power ≤ 1 mW. 
[bookmark: _GoBack][Devices C/B to be starting point]

	Coverage
	Up to 50 meters for indoor, up to 200 meters for outdoor.

	User experienced data rate
	Up to 1k bits/s.

	Maximum message size
	1k bits.

	Latency
	1s ~ 30s. 

	Positioning accuracy
	Up to 1m for indoor, Up to 30m for outdoor. 

	Connection/Device density
	Up to 10,000 / km².

	Moving speed of device
	3km/h.



Table2. Required functionality for supporting other requirements
	Requirement
	Functionality

	Device management
	Device activation/deavtivation.

	Security*
	TBD

	Mobility
	TBD



Proposal 7: For design targets of required functionalities, adopt Table 1 and Table 2. 
Feasibility and Candidate techniques
It can be left for WGs to converge on specific feasibility assessment methods in detail. However, the RAN can start to give some discussion basis on feasibility study by considering candidate techniques to meet the design targets. 
The waveforms for Ambient IoT would be different to the existing technologies of 3GPP. Thus, the receiver and transmitter/backscatter would requirement evaluation/assessment in RAN or WGs. The feasibility study will consider base on the new design. At least, RAN can give the scope for WGs detailed study.
We mainly consider following techniques to achieve ultra-low power consumption, ultra-low complexity, for ambient IoT devices.
Simpler waveform/modulation/coding scheme
In order to achieve ultra-low power consumption and ultra-low complexity, simpler waveform and coding scheme are needed. OFDM is the main waveform commonly used. The merit of OFDM is that it can achieve high spectrum efficiency and high peak data rate using wide bandwidth. However, it is difficult to use OFDM to achieve ultra-low power consumption since the operations such ADC, data buffering, FFT, channel estimation, etc. requires high power consumption. Therefore, OFDM may not be suitable for Ambient IoT as a simpler waveform is required.
[image: ]
Figure 2 OOK modulation
OOK/FSK may be a promising modulation scheme for Ambient IoT to enable ultra-low complexity data transmission/reception. In an OOK receiver, envelope detection can be used and complicated baseband digital processing is replaced with simple analogue envelope detection circuit. Thus, ultra-low power (e.g., several to tens of µW) receiver can be achieved by very simple implementation.
[image: ]
Figure 3 FSK modulation
Backscattering
The possible configurations of backscatter system include mono-static, where the transmitting AP and receiving AP is the same, and bi-static, where the transmitting AP and receiving AP are separated. In a backscattering communication system as illustrated in Figure 2, load modulation is usually used. The load modulation technology mainly includes two methods: resistance-based load modulation and capacitor-based load modulation. For resistance-based load modulation, a resistor which is called a load modulation resistor, is connected in parallel to the load. The resistor is turned on or turned off according to the clock of the data stream, and the switch is controlled by the binary data encoding. For capacitor-based load modulation, a capacitor is connected in parallel with the load to replace the load modulation resistor.
Active transmitter
[bookmark: _Hlk129610351]For the transmitter, it can also achieve ultra-low power transmission (e.g., around 200 µW) even with an active OOK/FSK transmitter [10] [11]. Therefore, both ultra-lower power receiver and transmitter, overall ultra-low power consumption for the devices, e.g., lower than 1 mW, can be achieved.
Compact protocol design
In order to achieve ultra-low power consumption and ultra-low complexity, protocol aspects should be studied, including connection management, efficient scheduling, access control, mobility management. This is to achieve the low complexity/weight of devices.
	
[bookmark: _Hlk129611811]Proposal 8: For further feasibility evaluation of ambient IoT, RAN can conclude that the study scope of backscattering, ultra-low power transceiver, backscatter and low-complexity waveform / modulation / coding different from the existing technologies in 3GPP. Compact protocol design can be also in the scope to manage aspects such as connection management, efficient scheduling, access control, mobility management.
Conclusion
Based on the discussion, we have the flowing observations and proposals:
Proposal 1: If the Topology (3) is further clarified, same gNB is assumed for transmitting and receiving data. Single assisting node in a communication is also assumed for the topology.
Proposal 2: Ambient IoT deployment in-band to NR is supported with high priority.
Proposal 3: Ambient IoT Traffic assumption can introduce the traffic model parameters with equal or more than 1kbps user experienced data rate.
Proposal 4: For energy storage, E1, E2 is further conclude as the same and the study has only two energy storage categories.
Proposal 5: RAN study select the 1mW as the upper power consumption limit of the Device C. The upper limit of the Device B can be 100μW.
Observation 1: Much lower capability than NB-IoT/MTC is required for ambient IoT due to:
· Requirement from the targeted use cases
· Extremely limited power constraint from ambient power
· Avoiding the market fragment/overlapping with existing 3GPP IoT technologies
Observation 2: For ambient IoT, it shall overcome the constraint of the existing RFID technologies. 
Proposal 6: For ambient IoT, it is proposed to support a device capability in between RFID and existing 3GPP IoT technologies.
· Ambient IoT device has a much lower device capability that NB-IoT/MTC but has a higher device capability than RFID.
· To put more specific scope for WG study, RAN can recommend Device C/B as the starting point.
Observation 3: Small coverage (10~50 meters) to medium coverage (up to 250 meters) are more feasible from the agreed use cases in SA1. 
Proposal 7: For design targets of required functionalities, adopt Table 1 and Table 2. 
Proposal 8: For further feasibility evaluation of ambient IoT, RAN can conclude that the study scope of backscattering, ultra-low power transceiver, backscatter and low-complexity waveform / modulation / coding different from the existing technologies in 3GPP. Compact protocol design can be also in the scope to manage aspects such as connection management, efficient scheduling, access control, mobility management.
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