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Introduction
According to the status report from the last meeting [1], there are still the following remaining issues with this topic:
· To conclude on device characteristics and categorization
· To conclude on deployment scenarios
· Complete the set of RAN design targets based on the identified deployment scenarios and their characteristics for the relevant use cases
· 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.
Based on the above, we will mainly discuss the following topics in this contribution:
· Deployment scenarios prioritization
· Device categorization
· RAN design targets
· Comparison and assessment
· Required functionality identification 

Deployment scenarios prioritization
The following agreement was reached at the last meeting [2], and the attribute values in each deployment scenario were determined.
	Proposal: Agree pCR based on RP-231284 in RP-231470 with the changes made in the offline session and incorporate into TR 38.848 v0.2.0. 


Since studying all the scenarios would be too much work, this section discusses the prioritization of deployment scenarios.
First, it is necessary to prioritize the five deployment scenarios comprehensively, instead of prioritizing each scenario separately. Because if the value of a certain attribute is only excluded in a certain deployment scenario, but reserved in other scenarios, then this will not reduce the workload. For example, the process design of each topology in different scenarios is similar, so it is not meaningful to be deleted only in a certain deployment scenario.
Observation 1: Prioritizing individual scenarios one by one may not reduce the workload of RAN subgroup studies.
Prioritization is discussed separately from the two levels of deployment scenarios and attributes. For deployment scenarios, one of the objectives of researching Ambient IoT is to provide a better experience than RFID by combining cellular networks. Therefore, the base station-based deployment scenario has a higher priority than the UE-based deployment scenario. From the perspective of Ambient IoT use cases, the priority of indoor deployment scenarios is higher than that of outdoor deployment scenarios. In addition, deployment scenario 2 will have poor performance for existing cellular systems, so the priority can be lowered. Therefore, the recommended priority for deployment scenarios is 1>4>2>3>5. In order to reduce the research workload, it is recommended to study the scenario based on base station deployment first. However, the design needs to consider the forward compatibility of future UE deployment scenarios.
Next, based on the prioritization results of deployment scenarios, the prioritization of attributes can be analyzed. From the perspective of the attribute characteristics of the deployment scenario, it can be divided into the following categories:
· Prioritization is not required, attribute names and reasons are as follows:
· Environment(Already determined by the deployment scenario)
· Base station characteristic（independent of standard design）,
·  Coexistence with existing 3GPP technologies（Must-Have Functions for In-band Coexistence）
· Traffic assumption（Both types of traffics need support）
· Attributes that need to be prioritized:
· Connectivity topology
The deployment scenario to a certain extent determines the priority of the topology. For example, the priority of topology 4 depends entirely on the priority of the deployment scenario. For topology 1 and 2, there are already a lot of experience for reference, while topology 3 requires a new design and the use of the scenario is conditional. Therefore, it is recommended that topology 1 and 2 have higher priority than topology 3.
· Spectrum：
As we analyzed in the contributions [3] and section 5 of this contribution, the suggested priority descending order is FDD, TDD, unlicensed.
· Device characteristic 
For devices, the three types of devices have the same priority, which are applicable to different scenarios and market demands. Therefore, prioritization is not recommended.
Therefore, the suggested prioritization can be summarized as follows:
Table 1. Summary of Prioritized Results
	Characteristics
	Prioritization

	Deployment scenarios
	1;4;2

	Environment (of device)
	Indoor;  outdoor

	Connectivity topology
	Topology (1); Topology (2)

	Spectrum
	Licensed FDD

	Coexistence with existing 3GPP technologies
	Co-site; new site

	Traffic assumption
	DT; DO

	Device characteristic
	Device A; Device B; Device C


Proposal 1： Adopt Table 1 as the scope of priority research. 

Device characteristics and categorization
In the RAN 99th meeting, the moderator provided the following preliminary proposal based on the offline discussion [4].
	Proposal 5.1-1-v3: The TR captures energy storage levels as:
· Option 1: Two levels
· Storage 1: Without energy storage
· Storage 2: With limited energy storage.
· Option 2: Three levels
· Storage 1: Without energy storage
· Storage 2 and 3: Up to E1/E2 joules
· For this case, 2 exemplary traffic models are chosen, and E1, E2 calculated accordingly.
· Model 1: power = per-device design target, rate = 5 kbps, message size = {as agreed under design target}.
· Model 2: power = per-device design target, traffic = continuously ON until end of an inventory process.
· Option 3: Status quo, i.e. TR reports the three storage levels, and that E2 > E1. (If no agreement, this option results).


The purpose of discussing device storage levels is to provide guidance and reference for future discussions in the RAN subgroup. The classification of storage capacity in Option 1 is too vague, thus providing limited value. The storage level classification method of Option 2 has the following advantages: firstly, it can provide a basis for device classification methods and their complexity evaluation in design targets; secondly, it can provide reference for implementation; In addition, it can also provide some guidance for future standard design, and so on. Option 3 is a compromise solution. Therefore, we prefer the classification of option 2 and use a model similar to Model 2 to calculate E1/E2 as follows:
For E1, assuming that the power consumption of the device is 10uw and the latency of the service is 10s, the storage energy required to complete a service is 10μW * 10s=100uJ.
For E2, assuming that the power consumption of the device is 1mw and the latency of the service is 10s, the storage energy required to complete a service is 1mW * 10s=1mJ.
Table 2. Storage capacity threshold (unit: joules)
	
	Capacitor/Super capacitor

	Storage 1
	no

	Storage 2
	100uJ

	Storage 3
	1mJ


Proposal 2: Option 2 is adopted in TR to capture energy storage levels with E1 as 100uJ and E2 as 1mJ.

RAN design targets
Regarding design targets, the following agreements have been reached in the RAN 99th meeting [4].
	Agree to set at least the design targets below in Ambient IoT in the RAN SI.
(a) Device power consumption
(b) Device complexity
(c) Coverage
(d) Data rate
(e) Maximum message size (or maximum ‘TB’ size)
(f) Latency
(g) Positioning accuracy
(h) Connection/device density
(i) Device speed (FFS absolute or relative or both)
Proposal 6-3a-v2 (Wed offline consensus): Device design target for power consumption during transmitting/receiving is:
· [Device A ≤ 10 μW] or [Device A ≤ 1 μW]
· Device A ≪ Device B < Device C, or Device A ≤ Device B < Device C
· Device C ≤ 1 mW to ≤ 10 mW
Proposed working assumption (Wed offline consensus): Device complexity design target is:
· Device A: Comparable to UHF RFID ISO18000-6C (EPC C1G2)
· Device A < Device B < Device C
· Device C: Orders-of-magnitude lower than NB-IoT
Proposal 6-3d-v2 (Wed offline consensus): User experienced data rate design target is, at least for the uplink:
· Maximum  not less than: 5 kbps
· Minimum  not less than 0.1 kbps


For the design goal of power consumption, it is recommended that the power consumption target of Device A is 10uw. There are several reasons for this. Firstly, the design target of the existing Passive RFID is 10uw [5], and our target is to exceed its performance. Therefore, it is not recommended to lower the power consumption than it. Secondly, we also need to support FDD, which will have a slightly higher implementation complexity compared to existing passive RFID. Therefore, based on the above two points, it is recommended that the power consumption target for device A is 10uw. 
For the design complexity, the current working assumption fully conforms to the SI targets of Ambient IOT. Therefore, we suggest confirming the working assumption of the last meeting.
Proposal 3: Adopt Device A ≤ 10 μW as the power consumption target of Device A, and confirm the working assumption of device complexity.
For other design targets, no agreements were formed in the RAN 99th meeting, but there are preliminary discussion results as follows [6].
	Proposal 6-3c-v3: A coverage design target is set per connectivity topology.
· Design target(s) can be the same or different among the topologies.
· For topology (1), (2), and (3), the coverage reference points are the BS and the tag.
· For topology (4), the coverage reference points are the UE and the tag.
Proposal 6-3e-v2: Maximum message size design target is:
· Hundreds of bits, and < 1000 bits
RAN1 to refine as needed e.g. for TB size design.
Proposal 6-3f-v3: Latency is defined as the end-to-end latency.
· FFS: Value/values
· FFS: Whether to define a minimum and a maximum latency, or only one
· FFS: Whether to differentiate latency among DO and DT traffic.
Assume that RAN WGs would refine this overall target into e.g. user plane latency, control plane latency, or etc.
Proposal 6-3g: Positioning accuracy design target is:
· Indoor: 3 m @ 90%
· Outdoor: several 10 m @ 90%
Proposal 6-3h: Connection/device density design target is:
· 150 connections/devices per 100 m2


Based on the original requirement data of use cases in the TR 22.840 of SA1, we suggest confirming the design targets of maximum message size, positioning accuracy, and Connection/device density. In addition, considering the diversity of coverage targets under different topologies, it is also recommended to confirm the proposal of the coverage design target.
Proposal 4: The following proposals from RAN#99 Moderator’ summary can be agreed.
· Proposal 6-3c-v3: A coverage design target is set per connectivity topology.
· Design target(s) can be the same or different among the topologies.
· For topology (1), (2), and (3), the coverage reference points are the BS and the tag.
· For topology (4), the coverage reference points are the UE and the tag.
· Proposal 6-3e-v2: Maximum message size design target is:
· Hundreds of bits, and < 1000 bits
· Proposal 6-3g: Positioning accuracy design target is:
· Indoor: 3 m @ 90%
· Outdoor: several 10 m @ 90%
· Proposal 6-3h: Connection/device density design target is:
· 150 connections/devices per 100 m2
When discussing the design targets of latency and speed, it is necessary to consider that our objective is to design a standard with extremely low complexity and low power consumption. Therefore, we need to reduce the requirements for latency and speed. Therefore, for the design target of latency, considering the use cases of SA1, we suggest defining a second level latency without distinguishing between traffic types, with a specific value of around 10 seconds. For the design target of speed, it is best not to introduce too many additional designs. Therefore, we recommend a target of indoor speed of 6km/h and outdoor speed of 20km/h.
Proposal 5: Adopt the following targets values for latency and speed:
· Max E2E latency:10s;
· Device speed
· 6 km/h (indoor)
· 20 km/h (outdoor)

Comparison and assessment
According to the requirements of SID [7], we need to compare and assess the feasibility of meeting the design targets for the relevant use case based on the deployment scenario.
	· 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.


Among the design targets in Chapter 4, the main one to be assessed is the coverage design target, while other design targets are relatively easy to meet the requirements. The main reasons for the difficulty in achieving the coverage design objectives are as follows:
(1) In some scenarios, it needs to rely on RF to collect energy, while the current industry's RF energy collection threshold requirements are high, about - 20~- 30 dB; 
(2) The decrease of terminal capability leads to the increase of sensitivity in the downlink, and the transmission power in the uplink based on backscatter is significantly reduced.
Therefore, in this section, we mainly assess the coverage design targets under various deployment scenarios. The assessment is divided into two types of scenarios: base station outdoor and base station indoor. Large-scale assessment is mainly adopted, and the large-scale model refers to 3GPP TR 38.901[8].

Base station outdoor scenario evaluation
This scenario is to evaluate the outdoor deployment of the base station, including two deployment scenarios of tag: outdoor and indoor.
Link budget
The outdoor evaluation mainly focuses on UMA NLOS/LOS and free space path loss model. The former is for 2C urban scenario, and the latter is mainly for 2B outdoor scenario. The specific formula of path loss is as follows:
UMA LOS:    PL=28+22*log（d3D)+20*log(fc)
UMA NLOS: PL=13.54+39.08*log（d3D)+20*log(fc)-0.6*(hUT-1.5)
Free space path loss model: PL=32.4+20*log（d3D)+20*log(fc)
Table 3. Comparison of coverage for outdoor deployments（Macro station）
	Tx Parameters/Assumptions
	UMA NLOS
	UMA LOS
	Free space path loss model

	Carrier frequency (GHz)
	0.8
	0.8
	0.8

	Bandwidth(MHz)
	20M
	20M
	20M

	Tx power (dBm)
	48
	48
	48

	Tx antenna gain (dB)
	18
	18
	18

	RF source->IoT device Distance (m) 
	200
	200
	200

	path loss (dB)
	101.78
	76.78
	76.57

	Received At Tag (dB)
	

	RSRP
	-66.57
	-41.57
	-41.36

	Return loss
	8
	8
	8

	Ambient IoT device Ant Gain
	0
	0
	0

	Ambient IoT device Tx EIRP (dBm)
	-74.57
	-49.57
	-49.36

	Basestation  Parameters/Assumptions
	

	Basestation Ant gain (dBi)
	18
	18
	18

	Receiver sensitivity (dBm)
	-100
	-100
	-100

	MCL/Coverage For Backscatter Link
	

	MCL (backscatter link (dB))
	43.43
	68.43
	68.64

	Coverage (backscatter link (meters))
	1
	75
	76



Table 4. Comparison of coverage for outdoor deployments（Micro station）
	Tx Parameters/Assumptions
	UMA LOS
	UMA LOS
	UMA LOS

	Carrier frequency (GHz)
	0.8
	0.8
	0.8

	Bandwidth(MHz)
	20M
	20M
	20M

	Tx power (dBm)
	43
	43
	43

	Tx antenna gain (dB)
	8
	8
	8

	RF source->IoT device Distance (m) 
	20
	50
	100

	path loss (dB)
	58.11
	64.75
	70.54

	Received At Tag (dB)
	

	RSRP
	-37.9
	-44.54
	-50.33

	Return loss
	8
	8
	8

	Ambient IoT device Ant Gain
	0
	0
	0

	Ambient IoT device Tx EIRP (dBm)
	-45.9
	-52.54
	-58.33

	Basestation  Parameters/Assumptions
	

	Basestation Ant gain (dBi)
	8
	8
	8

	Receiver sensitivity (dBm)
	-100
	-100
	-100

	MCL/Coverage For Backscatter Link
	

	MCL (backscatter link (dB))
	62.1
	55.46
	49.67

	Coverage (backscatter link (meters))
	40
	15
	0


Observation 2: Based on the above analysis, it is difficult for outdoor cellular coverage to meet the RF energy collection threshold. 
Observation 3: Outdoor uplink coverage may still be a bottleneck in macro NLOS and some micro LOS conditions.
Table 5. Comparison of coverage for indoor deployments
	Tx Parameters/Assumptions
	Home

	
	UMA NLOS+ O2I penetration loss

	Carrier frequency (GHz)
	0.8

	Bandwidth(MHz)
	20M

	Tx power (dBm)
	48

	Tx antenna gain (dB)
	18

	Penetration loss(dB)
	20

	RF source->IoT device Distance (m) 
	200

	path loss (dB)
	101.78

	Received At Tag (dB)
	

	RSRP
	-94.57

	Return loss
	8

	Ambient IoT device Ant Gain
	0

	Ambient IoT device Tx EIRP (dBm)
	-112.57

	Basestation  Parameters/Assumptions
	

	Basestation Ant gain (dBi)
	18

	Receiver sensitivity (dBm)
	-100

	MCL/Coverage For Backscatter Link
	

	MCL (backscatter link (dB))
	5.43

	Coverage (backscatter link (meters))
	0


Observation 4: In deployment 2, RSRP cannot meet the requirements of energy harvesting and demodulation threshold.

System simulation
Simulation assumptions
Table 6. Simulation Assumptions for Outdoor Deployment of Base Stations
	Tx Parameters/Assumptions
	UMa
	UMa

	Carrier frequency (GHz)
	800 MHz
	2.6/3.5 GHz

	Bandwidth(MHz)
	20 MHz
	100 MHz

	SCS
	15 kHz
	30 kHz

	Number of Sites
	19
	19

	ISD(:meter)
	500/400/300/200/100
	500/400/300/200/100

	BS Tx power
	44 dBm
	53 dBm

	BS antenna configurations
	[M,N,P,Mg,Ng]=[4,2,2,1,1],
3-sector antenna
	[M,N,P,Mg,Ng]=[12,8,2,1,1],
3 sector antenna

	BS port mapping
	[K,L]=[4,1], 4TXRU
	[K,L]=[3,1], 64TXRU

	BS antenna electrical downtilting
	102
	102

	UT antenna configurations
	1 elements, Isotropic antenna gain pattern
	1 elements, Isotropic antenna gain pattern

	UT distribution
	3D dropping
80% indoor/100% indoor/100%/outdoor
	3D dropping
80% indoor/100% indoor/100%/outdoor

	UT attachment
	Based on RSRP
	Based on RSRP

	O2I penetration loss
	50% low loss and 50% high loss
	50% low loss and 50% high loss


Simulation result
In the simulation results, we first divide the users into indoor and outdoor scenarios for simulation, and then provide two parts of results for each scenario. The first part of the results is the CDF results of RSRP under normal UE random scattering, which are used to determine the demodulation performance of the users. The second part is to use full bandwidth power to calculate RSRP, in order to estimate the energy that users can collect.
· TAG Outdoor
1) Normal RSCP CDF diagram
[image: ][image: ]
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Figure 1: 800M/2.6G/3.5G UE outdoor distribution RSCP CDF
Observation 5: In outdoor scenarios, when the distance between stations increases, the downlink demodulation threshold is difficult to meet.

2) RSCP CDF diagram for full bandwidth reception
[image: ][image: ]
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Figure 2: 800M/2.6G/3.5G UE outdoor distribution RSCP CDF with full bandwidth reception
Observation 6: By increasing the RF bandwidth for energy harvesting, energy intensity can be significantly improved, but the threshold for energy harvesting still cannot be met when the distance between stations is increased.
Proposal 6: Consider other energy harvesting in addition to RF in outdoor conditions, for example, solar energy, etc.
Proposal 7: Relay topology should be considered in the outdoor environment.

· TAG Indoor
1) Normal RSCP CDF diagram
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Figure 3: 800M/2.6G/3.5G UE indoor distribution RSCP CDF
Observation 7: In the scenario where outdoor base stations cover indoor users, due to penetration loss, RSRP cannot meet the sensitivity requirements of receivers even when the distance between base stations is small.

2) RSCP CDF diagram for full bandwidth reception
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Figure 4: 800M/2.6G/3.5G UE indoor distribution RSCP CDF with full bandwidth reception
Observation 8: In the scenario where outdoor base stations cover indoor users, even full bandwidth reception cannot meet the energy harvesting threshold requirements. 

Base station indoor scenario evaluation
Link budget
The indoor evaluation mainly focuses on the path loss model in the factory and home. Refer to 38.901 for the specific formula of path loss.
Table 7. Comparison of coverage for indoor deployments
	Tx Parameters
/Assumptions
	NLOS
	InF-LOS

	
	InF-SL
	InF-DL
	InF-SH
	InF-DH
	

	Carrier frequency (GHz)
	0.8
	0.8
	0.8
	0.8
	0.8

	Bandwidth(MHz)
	20M
	20M
	20M
	20M
	20M

	Tx power (dBm)
	30
	30
	30
	30
	30

	Tx antenna gain (dB)
	10
	10
	10
	10
	10

	Penetration loss(dB)
	0
	0
	0
	0
	0

	RF source->IoT device Distance (m) 
	20
	20
	20
	20
	20

	path loss (dB)
	65.47
	64.84
	63.85
	63.48
	59.01

	Received At Tag (dB)
	

	RSRP
	-66.27
	-65.63
	-64.64
	-64.27
	-59.80

	Return loss
	8
	8
	8
	8
	8

	Ambient IoT device Ant Gain
	0
	0
	0
	0
	0

	Ambient IoT device Tx EIRP (dBm)
	-74.27
	-73.63
	-72.64
	-72.27
	-67.8

	Basestation  Parameters/Assumptions
	

	Basestation Ant gain (dBi)
	10
	10
	10
	10
	10

	Receiver sensitivity (dBm)
	-100
	-100
	-100
	-100
	-100

	MCL/Coverage For Backscatter Link
	

	MCL (backscatter link (dB))
	35.73
	36.37
	37.36
	37.73
	42.2

	Coverage (backscatter link (meters))
	0
	0
	0
	0
	0


Observation 9: In Deployment 1, RSRP can meet the threshold requirements of downlink demodulation, but cannot meet the threshold requirements of energy harvesting due to the height of the base station and the limitation of RF transmission power.

System simulation
The indoor simulation only simulates the Indoor Office scenario, and the site layout refers to the layout in [7]. The simulation results also include two parts. The first part is the normal user distribution RSCP CDF graph, and the second part is the RSCP CDF graph calculated based on full bandwidth transmission power, with the aim of estimating the energy that can be collected by the device.
Simulation assumptions
Table 8. Simulation Assumptions for Indoor Deployment of Base Stations
	Tx Parameters/Assumptions
	Indoor Office

	Carrier frequency (GHz)
	0.8/2.6/3.5 GHz

	Bandwidth(MHz)
	20/100/100 MHz

	SCS
	15/30/30 kHz

	Number of sites
	12

	ISD
	20

	BS Tx power
	24 dBm

	BS antenna configurations
	[M,N,P,Mg,Ng]=[4,2,2,1,1]
 ceiling antenna

	BS port mapping
	[K,L]=[4,1], 4TXRU

	BS antenna electrical downtilting
	90

	UT antenna configurations
	1 elements, Isotropic antenna gain pattern

	UT distribution
	2D dropping
100% indoor

	UT attachment
	Based on RSRP



Simulation result
1) Normal RSCP CDF diagram
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Figure 5: 800M/2.6G/3.5G RSCP CDF
Observation 10: In indoor environments, low band FDD can meet coverage requirement, while for high band, due to lack of high antenna gain, it cannot meet coverage requirement.

2) RSCP CDF diagram for full bandwidth reception
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Figure 6: 800M/2.6G/3.5G UE RSCP CDF with full bandwidth reception
Observation 11: In indoor FDD spectrum scenarios, the threshold for RF energy harvesting can be met by increasing the bandwidth of energy harvesting.
Proposal 8: Consider increasing the bandwidth of energy harvesting as an implementation option.

Therefore, as described in Section 2, we recommend the following priority order (from high to low) for study spectrum: licensed FDD, licensed TDD, unlicensed.
Identification of required functionality 
 The following agreement was reached at the last meeting [2]. 
	RP-231287 pCR for TR 38.848 on Feasibility assessment and required functionalities for Ambient IoT
Proposal: Agree pCR and incorporate into TR 38.848 v0.2.0


Therefore, this section will discuss the functionality that need to be supported in order to achieve the design targets.

New functionality
Energy harvesting and power management
Energy harvesting and power management are prerequisites for realizing passive devices. Energy harvesting is the process of harvesting energy from the environment and converting it into electrical energy, e.g. RF, solar harvesting. Power management is responsible for providing a stable power supply, managing power consumption, and protecting electronic devices from problems such as overvoltage and overcurrent. In the case of energy harvesting, the energy obtained in the environment is unstable and the collected power is small. Therefore, power management is more necessary.
New functionality 1: Support energy harvesting and power management functionality.

Device power and complexity
The most important part of the device is the radio frequency and the baseband part. Therefore, the reduction of the power consumption and complexity of the device depends on the reduction of the complexity of these two parts. In order to meet the design targets, the required functionality for radio frequency and baseband are discussed separately below.
· RF part:
For device A/B, since its complexity and power consumption are comparable to RFID, it is possible to first analyze which functions the RF part of RFID consists of.  First, in the transmitter part, RFID adopts the method of backscattering. This is because backscattering does not require the device itself to generate radio frequency signals, so many radio frequency components can be reduced and power consumption can be significantly reduced. In addition, Device A/B still needs to consider the coexistence problem with the existing 3GPP system. Therefore, backscatter needs to be compatible with existing OFDM waveforms. Secondly, the receiver part of the RFID adopts the receiver architecture of the radio frequency envelope, which reduces some precision requirements. Therefore, some components with lower power consumption can be used to achieve the effect of reducing power consumption. Therefore, in order to match the power consumption and complexity of RFID, we also need to support at least the functions of backscatter and envelope detection. Since RFID does not need to consider compatibility with existing systems, and the coverage is very short within 10m, the simplest ASK modulation method can be used for backscattering, and the radio frequency envelope detection technology with the lowest energy consumption can be used for the receiver . However, for Ambient IoT, we not only need to consider the compatibility with the existing 3GPP system, but also need to consider the design target of coverage improvement.
Observation 12: The same backscatter and receiver technology as RFID cannot be used, and it needs to be optimized according to the design targets of compatibility and coverage improvement.
For Device C, its power consumption and complexity need to be reduced by an order of magnitude compared with NB-IOT. Therefore, some optimized designs are required in the transmitter and receiver parts. For example, the receiver can still adopt an envelope detection architecture similar to Device A/B. Since the power consumption of Device C is significantly higher than that of Device A/B, the receiver of Device C can adopt a receiver architecture based on baseband and IF envelope with better sensitivity. As for the transmitter, the direct idea is to use a simple transmitter such as ASK/FSK, but this method may not be suitable for coexistence with the uplink of the existing 3GPP system. Since NB-IOT uplink already supports the single tone transmission, if a more complex transmitter is used, there will be no significant difference in power consumption and complexity compared with NB-IOT. Therefore, we suggest a compromise between backscatter and local oscillator, which reduces power consumption and improves performance. Therefore, we suggest a compromise between backscatter and a more complex receiver i.e. consider a combination of backscatter and local oscillators to reduce power consumption and improve performance.
Observation 13: Due to compatibility issues, the uplink transmitter cannot directly use simple transmitters such as ASK/FSK, and at the same time, in order to consume less energy than NB-IOT, it cannot use a more complex receiver architecture.
New functionality 2: Support backscatter functionality.
New functionality 3: Support envelope detection functionality.

· Baseband part:
The baseband part is mainly responsible for functions such as data encoding, modulation and protocol processing. Therefore, in order to reduce the energy consumption and complexity of the baseband part, it is necessary to adopt a simpler modulation and codec scheme. 
New functionality 4: Support simple modulation, e.g. OOK/ASK/FSK.
New functionality 5: Support low-complexity coding.
In addition, since Ambient IoT traffics have relatively loose requirements on latency, the design of the frame structure can more closely match the design targets of power consumption and complexity, thereby reducing power consumption better.
New functionality 6:  Provide new frame structure design.

Forward compatibility
Coexistence requires that under IN-BAND deployment, the Ambient IoT system cannot cause major interference to users of the existing 3GPP system. This requires that in terms of waveform design, the Ambient IoT system needs to be compatible with the OFDM waveform of the NR system to avoid large interference that affects system performance.
New functionality 7: The waveform design needs to be compatible with the NR OFDM waveform.
The purpose of forward compatibility is to unify the current design with future designs in more scenarios or topologies, without forming multiple modes. The purpose is to simplify design and power consumption of devices. Therefore, it is necessary to form a unified design based on different scenarios and topologies to reduce the complexity and power consumption of devices.
New functionality 8: Form a unified design based on different scenarios and topologies to meet forward compatibility.

Enhanced functionality
Coverage
The covered design target is the core, and other design targets are only meaningful when the coverage design target is achieved. Therefore, we do extensive simulation evaluation of the coverage in Section 4. From the simulation evaluation, we know that if the coverage design target is aligned with the existing 3GPP technology coverage target, then the following functions may need to be included:
Energy harvesting: From the results of the coverage evaluation, the RSRP strength of existing base stations is not enough for energy harvesting. Therefore, the energy-harvesting mode of RFID cannot be directly adopted. On the one hand, it can make up for the shortcomings of RF harvesting by supporting multiple energy harvesting methods, such as supporting solar energy harvesting. On the other hand, RF energy harvesting can be optimized, for example, the bandwidth of RF harvesting can be increased, or a dedicated RF emission source can be used.
Topology: In addition to the topology of direct connection, it also needs to support the topology of coverage expansion, such as relay.
Protocol design: Technologies that support coverage enhancement, for example, coverage enhancement through repetition and spread spectrum.
Enhanced functionality 1: Supports alternative or optimized schemes for RF energy harvesting.
Enhanced functionality 2: Support relay mode.
Enhanced functionality 3: Support coverage enhancement scheme.

User experienced data rate/ Maximum message size/ Latency/ Connection/Device density
The determination of these design target values depends on the demand source of the Use cases. If the resource constraints are not considered, then the design target can definitely be achieved. There is a certain interrelationship between these values, and the following will analyze the values of the design targets that have been initially discussed, so as to obtain the required functions.
Assumptions: Connection/Device density 150 connections/devices per 100 m2, Latency 10s, Maximum message size 1000bit, User experienced data rate 0.1~5kbps.
According to the station distance D and the cell radius R, there is the following relationship between them(as shown in the figure x): D=1.5*R, and the cell area is calculated as follows:

According to the cell area of 100m2, it can be deduced that the distance between stations is 18m.
D
R

Figure 7: Schematic diagram of the relationship between cell radius and station distance
· Assuming that symbol-level modulation is used, the symbol length is 1/15kHz = 66.7us, that is, each symbol transmits 1 bit, assuming TBS 1000bit, code rate 0.5, need to transmit 1000/0.5*66.7us=133.4 ms;
· Assuming that the maximum Latency is 10s, then the number of users that can be processed by time division are 10*1000/133.4 = 74 users. The corresponding user experience rate is 1000bit/10s=0.1kbps.
· According to: 150 connections/devices per 100m2, the required frequency domain resource is: ceil(150/74)*15k=45k.
The above is only an analysis under specific conditions. Changing different conditions will affect the above analysis results. For example, using a higher modulation method can increase the rate, etc., but it will also increase power consumption and complexity.
According to the above analysis, to meet the above design targets, the following functions also need to be considered: bandwidth resources, random access mechanism and multiple access methods, etc. These functions will affect the achievement of the above design targets.
Enhanced functionality 4: Select appropriate bandwidth resources, random access mechanisms and multiple access methods based on design targets.

Positioning accuracy
The improvement of positioning accuracy has always been the core issue in the positioning system. However, the positioning accuracy largely depends on the specific algorithm implementation. The standard protocol only provides some necessary input parameters and its measurement mechanism. Of course, the accuracy of the input parameters will also affect the positioning accuracy. Therefore, the function here is mainly to provide the input parameters required by the positioning function and its measurement mechanism.
Enhanced functionality 5: Provides measurement quantities related to positioning functions and their measurement mechanisms.

Moving speed of device
The speed of movement will produce the Doppler Effect, which will affect the system performance in two aspects: frequency offset and coherence time.
The calculation formula of Doppler frequency shift is as follows:

Where fc is the carrier frequency, c is the speed of light, v is the moving speed, θ is the angle between the running direction and the receiving direction. It can be known from formula that at a given moving speed, the maximum Doppler frequency deviation fd occurs when cos θ=1. Doppler frequency offset can have an impact on demodulation performance. For example, in coherent demodulation, frequency offset can significantly deteriorate performance. Therefore, it is necessary to evaluate the performance impact of frequency offset generated by moving speed of device.
The coherence time Tc is the representation of the Doppler frequency shift in the frequency domain in the time domain, and it is used to describe the time-varying nature of the frequency dispersion in the time domain channel. If the symbol period of the baseband signal is greater than the coherence time of the channel, the channel may change during the transmission of the baseband signal, which will cause distortion of the received signal and cause time selective fading, also known as fast fading. If the symbol period of the baseband signal is less than the coherence time of the channel means that the channel will not change during the transmission of the baseband signal, nor will it cause time-selective fading, also known as slow fading. The coherence time is approximately equal to the reciprocal of the Doppler frequency offset. 
For example, when the carrier frequency is 800MHz and the moving speed is 10~20km/h, the frequency offset is 7.4~14.8Hz and the coherence time is 135~68ms. However, if it is in the CBAND spectrum, the frequency offset will increase by about 4 times, and the coherence time will decrease by 4 times accordingly. From the results, it can be seen that the coherence time is relatively long at low moving speed, which will not affect performance. Although the frequency offset is also small, its impact on performance depends on the demodulation method. For example, for non-coherent demodulation, the receiving side does not need to know accurately the frequency information of the transmitting side, but detects it by obtaining envelope and other information, which has little impact on the demodulation performance. For coherent detection, the receiving side needs to know accurately the frequency information of the transmitting side, as frequency deviation can significantly reduce performance. Therefore, coherent demodulation typically requires the transmitter to insert a pilot to obtain frequency information, thereby eliminating the impact of frequency offset, but at the same time increasing complexity. For devices, the capabilities of the uplink and downlink receivers are asymmetric. Therefore, the modulation methods used and corresponding demodulation schemes can be discussed separately.
Observation 14: Due to the asymmetric capabilities of the uplink and downlink receivers of the device, the modulation methods used and corresponding demodulation schemes can be discussed separately.
Enhanced functionality 6: The design of the physical layer needs to consider the impact of Doppler Frequency Offset.

Device management/ Security/ Mobility/ CN connectivity
These are the functional requirements from the use cases of Ambient IoT. Currently, SA1 is also discussing the generation of these potential requirements. In existing cellular systems, similar functions are implemented through the design of protocol stacks and their signaling processes. However, the existing protocol architecture and signaling process are relatively complex, making it difficult to match the power and complexity requirements of the ambient IoT. Therefore, we need to redesign a simplified protocol stack and its signaling process based on the characteristics of small data volume traffic, with the aim of better matching the design targets of power consumption and complexity.
Enhanced functionality 7: Design a lightweight protocol stack architecture and simplified signaling process.

Interference management and coexistence
These requirements come from the considerations of the cellular system design itself, which are crucial to the deployment of the actual system in the future, and determine the performance of future commercial use to a certain extent.
For interference management, in addition to intra-cell and inter-cell co-channel interference in cellular systems, interference between excitation signals and backscatter signals is also involved. It can be seen from RFID that this interference has a great influence on system performance. Therefore, it is necessary to design reasonably the resource relationship between the excitation signal and the backscatter signal, in order to minimize and avoid the interference between them to improve the system performance.
Enhanced functionality 8: Interference management includes interference between the excitation signal and the backscatter signal. 

Summary
Based on the design targets, the required functionality is summarized as follows:
Table 9. Summary of required functionality
	Design target
	Functionality

	Device power and complexity
	1) Energy harvesting and power management
2) low power receiver
3) backscatter
4)  simple modulation 
5)  low-complexity coding
6) new frame structure 

	Coverage
	7) Relay scheme 
8) coverage improvement technology

	User experienced data rate
	9) bandwidth resources
10) Random access mechanism
11) multiple access methods

	Maximum message size
	

	Latency
	

	Connection/Device density
	

	Positioning accuracy
	12) The measurement quantity of positioning and related measurement mechanisms.

	Moving speed of device
	13) Reference signal design

	Requirement
	Functionality

	Device management
	14) Lightweight protocol stack architecture and simplified signaling process

	Security*
	

	Mobility
	

	CN connectivity
	

	Interference management and coexistence
	15) waveform design
16)  manage interference between excitation signal and the backscatter signal
17) Unified architecture design for different scenarios and topologies.

	Forward compatibility
	



Conclusion
In this contribution, we further discuss on Ambient IoT with the the following observations and proposals.
Observation 1: Prioritizing individual scenarios one by one may not reduce the workload of RAN subgroup studies.
Observation 2: Based on the above analysis, it is difficult for outdoor cellular coverage to meet the RF energy collection threshold. 
Observation 3: Outdoor uplink coverage may still be a bottleneck in macro NLOS and some micro LOS conditions.
Observation 4: In deployment 2, RSRP cannot meet the requirements of energy harvesting and demodulation threshold.
Observation 5: In outdoor scenarios, when the distance between stations increases, the downlink demodulation threshold is difficult to meet.
Observation 6: By increasing the RF bandwidth for energy harvesting, energy intensity can be significantly improved, but the threshold for energy harvesting still cannot be met when the distance between stations is increased.
Observation 7: In the scenario where outdoor base stations cover indoor users, due to penetration loss, RSRP cannot meet the sensitivity requirements of receivers even when the distance between base stations is small.
Observation 8: In the scenario where outdoor base stations cover indoor users, even full bandwidth reception cannot meet the energy harvesting threshold requirements. 
Observation 9: In Deployment 1, RSRP can meet the threshold requirements of downlink demodulation, but cannot meet the threshold requirements of energy harvesting due to the height of the base station and the limitation of RF transmission power.
Observation 10: In indoor environments, low band FDD can meet coverage requirement, while for high band, due to lack of high antenna gain, it cannot meet coverage requirement.
Observation 11: In indoor FDD spectrum scenarios, the threshold for RF energy harvesting can be met by increasing the bandwidth of energy harvesting.
Observation 12: The same backscatter and receiver technology as RFID cannot be used, and it needs to be optimized according to the design targets of compatibility and coverage improvement.
Observation 13: Due to compatibility issues, the uplink transmitter cannot directly use simple transmitters such as ASK/FSK, and at the same time, in order to consume less energy than NB-IOT, it cannot use a more complex receiver architecture.
Observation 14: Due to the asymmetric capabilities of the uplink and downlink receivers of the device, the modulation methods used and corresponding demodulation schemes can be discussed separately.


Proposal 1： Adopt Table 1 as the scope of priority research. 
Proposal 2: Option 2 is adopted in TR to capture energy storage levels with E1 as 100uJ and E2 as 1mJ.
Proposal 3: Adopt Device A ≤ 10 μW as the power consumption target of Device A, and confirm the working assumption of device complexity.
Proposal 4: The following proposals from RAN#99 Moderator’ summary can be agreed.
· Proposal 6-3c-v3: A coverage design target is set per connectivity topology.
1) Design target(s) can be the same or different among the topologies.
2) For topology (1), (2), and (3), the coverage reference points are the BS and the tag.
3) For topology (4), the coverage reference points are the UE and the tag.
· Proposal 6-3e-v2: Maximum message size design target is:
4) Hundreds of bits, and < 1000 bits
· Proposal 6-3g: Positioning accuracy design target is:
5) Indoor: 3 m @ 90%
6) Outdoor: several 10 m @ 90%
· Proposal 6-3h: Connection/device density design target is:
7) 150 connections/devices per 100 m2
Proposal 5: Adopt the following targets values for latency and speed:
· Max E2E latency:10s;
· Device speed
· 6 km/h (indoor)
· 20 km/h (outdoor)
Proposal 6: Consider other energy harvesting in addition to RF in outdoor conditions, for example, solar energy, etc.
Proposal 7: Relay topology should be considered in the outdoor environment.
Proposal 8: Consider increasing the bandwidth of energy harvesting as an implementation option.

New functionality 1: Support energy harvesting and power management functionality.
New functionality 2: Support backscatter functionality.
New functionality 3: Support envelope detection functionality.
New functionality 4: Support simple modulation, e.g. OOK/ASK/FSK.
New functionality 5: Support low-complexity coding.
New functionality 6:  Provide new frame structure design.
New functionality 7: The waveform design needs to be compatible with the NR OFDM waveform.
New functionality 8: Form a unified design based on different scenarios and topologies to meet forward compatibility.
Enhanced functionality 1: Supports alternative or optimized schemes for RF energy harvesting.
Enhanced functionality 2: Support relay mode.
Enhanced functionality 3: Support coverage enhancement scheme.
Enhanced functionality 4: Select appropriate bandwidth resources, random access mechanisms and multiple access methods based on design targets.
Enhanced functionality 5: Provides measurement quantities related to positioning functions and their measurement mechanisms.
Enhanced functionality 6: The design of the physical layer needs to consider the impact of Doppler Frequency Offset.
Enhanced functionality 7: Design a lightweight protocol stack architecture and simplified signaling process.
Enhanced functionality 8: Interference management includes interference between the excitation signal and the backscatter signal. 
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