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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]Ambient IoT is already the subject of several activities in 3GPP, including:
· RAN Rel-18 SI, “Study on Ambient IoT” [1], due to complete in September 2023. TR 38.848.
· SA1 Rel-19 SI, “Study on Ambient power-enabled Internet of Things” [2], due to complete in December 2023. TR 22.840.
· SA1 Rel-19 WI, “Ambient power-enabled Internet of Things” [3], due to complete in December 2023. TS number to be assigned after TSG SA WI approval.
· An intended Rel-19 SA2 SI, “Study on Architecture support enhancement of Ambient power-enabled Internet of Things” [4], planned from September 2023 – June 2024.
As existing 3GPP cellular devices do not support energy harvesting well due to their working power consumption of tens or even hundreds of milliwatts, the fast-growing target markets of Ambient IoT cannot otherwise be fulfilled by existing 3GPP IoT technologies. Starting the normative work in RAN of Ambient IoT in Rel-19 is important to 3GPP to avoid missing those markets, which would lead to a steep gradient to enter such markets in the future. The timeline shown in Figure 1 can be considered for Rel-19 Ambient IoT. 
 [image: ]
Figure 1.  Proposed timeline for Rel-19 Ambient IoT
In this paper, we explain why both passive/semi-passive, and active Ambient IoT devices should be the subject of study and normative work in RAN Rel-19. To address questions on WG workload, we include an analysis of how (semi-)passive + active standardization can be achieved with appropriate scope-setting in topologies and spectrum, and suggest how task management by rapporteurs, feature leads, and WG chairs can be achieved.
2 Demand timeline of Ambient IoT
The automation and digitization of various industries opens new markets requiring new IoT technologies supporting batteryless devices without or with energy storage that do not need to be replaced or recharged manually during the long lifetime. The form factor of such devices must be reasonably small.
According to the demands from the target markets of Ambient IoT, some pilot trials have been planned for the following a few years. Those pilot trials involve various industries, and both local and wide area scenarios. 
Intra-logistics in autonomous manufacturing
· Customer: White goods manufacturer, automobile manufacturer
· Use case: Intra-logistics of production materials
· Business motivation: Labor saving, improved production efficiency.
· Demand timeline: 2024
· Typical deployment scenario: Indoor
In modern manufacturing industries, such as consumer electronics and automobile manufacturing, various production materials are involved in the whole process procedure. Those materials and their containers must be provided to the production line at the right moment, otherwise it would cause production line breakdown. The existing non-3GPP technologies are not able to cope with the whole process management in manufacturing due their constraints on e.g. coverage, networking, interference handling, etc. Ambient IoT service has been urgently demanded to timely tracking the production materials in the overall procedure within the whole factory, so as to improve the production efficiency. 
Currently, RFID can only support communication range less than 10 meters in the factory scenarios, which is only aspplicable per door for the dock area in Figure 2. For the other areas, except the ultra-low cost, label-like, batteryless device, a communication range of at least 20 meters is the key point to achieve proper deployment (e.g., inter-site distance of 20~30 meters) for the continuous coverage over a factory with typical size of several 100,000 m2.
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Figure 2.  Illustration of intra-logistics in a manufacturing factory
Smart warehousing
· Customer: E-commerce company
· Use case: Autonomous inventory
· Business motivation: High throughput of goods, reduced loss of goods
· Demand timeline: 2024
· Typical deployment scenario: Indoor
Connection density is a critical performance metric for warehousing, which refers to the number of units processed per time interval. For big E-commerce companies, the connection density of a warehouse can reach tens of thousands units per day. Fast autonomous inventory by Ambient IoT is strongly needed to replace manual barcode scanning for multiple operations in the overall procedure, including entering warehouse, sorting, loading, and leaving warehouse. Ambient IoT can also help reduce the loss of goods due to incorrect manual operation.
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Figure 3.  Illustration of smart warehousing 
Supply-chain asset tracking
· Customer: Logistics company
· Use case: Asset tracking
· Business motivation: Timely tracking of valuable goods and assets
· Demand timeline: 2024
· Typical deployment scenario: Outdoor
Item tracking (e.g. products and containers etc.) is needed in the whole supply chain in many companies. For example, some companies produce and delivery agriculture products from farm to retail and consumer. In China, hundreds of thousand disposable containers can be used per day in a large wholesale market. If the containers can be recycled, sensed, tracked and managed, it would change disposable containers into manageable assets which help to reduce operational cost and improve efficiency. The container recycling requires wide area tracking by low-cost, label-like, maintenance-free devices. 
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Figure 4. Illustration of supply chain for agriculture products
Infrastructure monitoring
· Customer: City management bureau, infrastructure company
· Use case: Environment and equipment monitoring in smart grid, city infrastructure
· Business motivation: High safety with battery-less maintenance-free device
· Demand timeline: 2025
· Typical deployment scenario: Outdoor
[bookmark: _Hlk144310635]Another category of use cases is the sensors for environment, equipment or building monitoring, where sustainable batteryless device is required for low maintenance cost and safety. For example, the ultra-high voltage environment in substations or power transmission lines may lead to the breakdown of battery, and then cause fire. In this case, the autonomous monitoring relies on batteryless device with sufficient communication range. Similarly, city infrastructure status monitoring (e.g. bridge) also have requirements for low cost and maintenance-free battery-less device where various sensors would be equipped. Types of sensor used for monitoring status of bridge: displacement, strain, deflection, tilt, cable tension, temperature, acceleration, wind direction and speed, corrosion, crack etc.
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Figure 5. Infrastructure monitoring
From the above, huge market demands in the near future can be foreseen for the new IoT segment supporting low-cost, small-size, maintenance-free device. 
For indoor scenarios like above intra-logistics and smart warehousing, a passive/semi-passive device is more preferable due its competitiveness in terms of much lower power consumption and cost. For outdoor scenarios like above asset tracking and infrastructure monitoring, active device may be the only choice since wide area deployment requires the device to support large coverage.
Observation 1: Real business demand can be found for Ambient IoT, justifying the goal to have normative work in Rel-19.
· Commercial demand exists for both indoor (i.e. passive/semi-passive) and outdoor (i.e. active) operation with devices satisfying the design targets of Ambient IoT.
Non-3GPP technologies will not wait
[bookmark: _Hlk141365029]The potentially huge markets are seeking technologies for low-cost small-size maintenance-free device. As the most well-known technology supporting batteryless tags, RFID is designed for short-range communications. Its typical communication range is less than 10 meters.
The very limited communication range makes it hard for RFID to support scalable network covering large local area or wide area with acceptable service availability. In recent years, many other non-3GPP technologies also begin to put efforts into related research.
· Wi-Fi, Bluetooth, UWB, LoRa: Various research shows that a few or tens of microwatts power consumption can be achieved for devices based on or with small modifications to the air interfaces WiFi, Bluetooth, UWB, and LoRa [5]-[8]. Many of the products claim very small and ultra-thin form factor, low cost and battery-less which can be integrated into or attached to items.
· AMbient Power (AMP) TIG and SG within the IEEE 802.11 working group has been completed and approved in Mar 2023, respectively [9], “to address the problem of support of Ambient Power communication”. 
These technologies do not today serve the needs of the intended market, nor the business cases we described in Section 2 – this is a key reason why Ambient IoT is in demand. However, it is a fast-moving field, attracting substantial industry interest, including from other standardization bodies. It is probable that the market demands would drive and accelerate the investigation and development of those related technologies, or other proprietary solutions in the near term.
Observation 2: Various non-3GPP technologies are investigating techniques and products supporting low-cost small-size batteryless wireless devices, which aim at some target markets of Ambient IoT.
Existing 3GPP technologies are not designed for the new segment
Regarding existing 3GPP technologies, the most critical issue to support the target use cases of Ambient IoT is the capability of cooperating with energy harvesting considering limited device size.
Conventional cellular devices usually consume tens or hundreds of milliwatts power for transceiving processing. Taking an NB-IoT module for example, the typical current absorption for receive processing is about 23 mA, while 45 mA for transmitting processing at 0 dBm transmit power [10]. However, referring to the investigations in [11], the power density of most ambient energy sources is below 1 mW/cm2. Allowing for typical energy conversion efficiency, the output power of typical energy harvester is expected to be below 1 milliwatt in most cases for an ultra-low cost device with a small size of a few square centimeters. It is obvious that the power consumption of NB-IoT device is far beyond the output power of most ambient energy sources. Although accumulation of stored energy for a long time may provide the possibility to use, the applicable scenarios would be very restricted. On the other hand, adding much more energy storage requires infeasibly large and costly supercapacitors, with volumes ≥1000 mm3 which makes it impossible to use in target Ambient IoT use cases.
Observation 3: Existing 3GPP technologies do not meet the requirement of low-cost small-size battery-less devices.
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Figure 6.  Illustrative power densities of various ambient energy sources from [11]. Existing LPWA technologies, marked in red text, have power consumption far beyond the energy density of most energy sources.

Proposal 1: Start normative work of Ambient IoT in Rel-19, to satisfy the fast-growing IoT markets requiring low-cost small-size battery-less wireless devices.
3 Priority content for Rel-19 Ambient IoT
Passive and active devices
As shown in Table 1, the characteristics of Ambient IoT passive and active device are different, which makes them suitable to different scenarios.
Table 1.  Characteristics of Ambient IoT passive and active device
	
	Passive device
	Semi-passive device
	Active device

	Communication range
	Tens of meters
	Tens of meters
	Hundreds of meters

	Power consumption
	~1 uW,
capable of being powered by RF energy
	~100 uW,
powered by e.g. solar, heat etc.
	~500 uW,
powered by e.g. solar, heat etc.

	Device cost
	Similar to UHF RFID
	In between
	Much lower than NB-IoT

	Form factor
	Small, ultra-thin (with capacitor)
	In between
	Small, thin (with supercapacitor)



In indoor scenarios, the available environmental energy sources are relatively limited compared to outdoor scenarios. RF energy is an important controllable energy source supporting a certain effective distance. Ambient IoT passive device is expected to work well with RF energy due to its ultra-low power consumption of around 1 uW. Consequently, label-like and ultra-low cost passive device is more suitable and preferred for a large portion of indoor applications, especially for the industries like logistics, warehousing and manufacturing. 
In outdoor scenarios, Ambient IoT service is usually requested over large local area or wide area for the target use cases. Cellular network co-deployed with existing 3GPP technologies should be the most practical solution to meet the target coverage performance. Considering the possible distance of several hundred meters between Ambient IoT device and basestation, active device is more promising due to its higher transmitting and receiving capability. 
From the above, passive device is preferred for indoor scenarios, while active device for outdoor scenarios. Since the target use cases in indoor and outdoor scenarios are both valuable, it is recommended to include both passive and active device in the scope of Rel-19 work for Ambient IoT.
Proposal 2: Rel-19 Ambient IoT standardizes both (semi-)passive (A/B) and active (C) devices.
RAN connectivity topology
[image: ]
Figure 7: RAN topologies for Ambient IoT
RAN has defined, for study purposes, four topologies, shown above. 
The fundamental design is topology (1), respecting 3GPP as a cellular system and exploiting the coverage and availability advantages over RFID etc. of having a high-power, high-sensitivity BS included. What, if any, differences there may be in the physical and higher layers for introducing other topologies would require investigation at WG level, although it is to be preferred that the tag itself is as agnostic as possible among topologies. There are also aspects to consider primarily in RAN2/RAN3 for topologies (2) and (3) depending on if the intermediate/assisting node is e.g. and IAB-node compared to a UE.
Thus, to control the scope and achieve feasibility of a WI in Rel-19, we propose that Topology (1) is included in Rel-19. This will enable both indoor/passive and outdoor/active devices.
Proposal 3: Rel-19 Ambient IoT is for RAN connectivity topology (1), i.e. direct link between Ambient IoT device and basestation.
 Spectrum
Regarding the spectrum for Ambient IoT, licensed FDD, licensed TDD and unlicensed spectrum are all proposed to be considered for each deployment scenario in TR 38.848. However, there must be prioritization among them for the Rel-19 work of Ambient IoT. 
First of all, it is well-known that licensed spectrum has overwhelming advantage over unlicensed spectrum in terms of e.g. much more Tx power, better interference management, and better system dense deployment efficiency which can significantly improve the coverage and experience than unlicensed spectrum. Thus, Rel-19 Ambient IoT should not assume unlicensed spectrum as the first WG work.
Table 2.  Comparisons between different spectrums for Ambient IoT deployment
	
	Licensed FDD
	Licensed TDD
	Unlicensed

	Reliability and service availability
	High
	High
	Low
(Tx power limits, interference)

	Coverage
	Large
	Medium
(High carrier freq.) 
	Short
(Tx power limits, interference)

	Compatibility with ambient IoT traffic patterns
	Good
(A-IoT has much higher UL load than DL)
	Medium
(Not easily compatible between A-IoT and Uu traffic patterns)
	Unclear
(May need to follow constrained low duty cycle)

	Device power consumption or complexity
	Low
(Low freq. reduce power consumption)
	Medium
(Rapid U-D switching adds complexity)
	Medium
(Need to follow specific interference avoidance scheme e.g. LBT and frequency-hopping)



Licensed FDD spectrum has the following advantages for Ambient IoT
· Communication reliability and service availability in licensed spectrum is always higher than unlicensed spectrum
· Unlicensed spectrum has low transmit power, and very limited interference management
· FDD supports larger coverage than TDD, while the tag activation threshold and receiver sensitivity does not vary with frequency band
· TDD has higher carrier frequency → smaller coverage
· TDD indoors does not provide additional beamforming gain, because CSI measurements will be difficult or impossible for ambient IoT devices.  
· FDD has better compatibility with ambient IoT traffic patterns than TDD
· Ambient IoT UL load is much higher than DL, e.g. 800 bits of sensing info vs. tens of bits for DL control
· FDD allows lower tag power consumption and complexity than TDD
· Lower frequency bands than TDD allows lower power consumption in RF components
· TDD requires rapid UL/DL switching which adds complexity to baseband processing
According to the above, it is seen that licensed FDD spectrum is more suitable for Ambient IoT to first deploy. It is recommended to focus on licensed FDD spectrum for the Rel-19 work of Ambient IoT.
Note that we do not preclude the addition of TDD and/or unlicensed in future releases, and would advise that a SID/WID is written mindfully of future compatibility.
Proposal 4: Rel-19 Ambient IoT assumes licensed FDD spectrum.
4 Feasibility of normative work for Rel-19 Ambient IoT
We take as inputs to the normative work planning the above proposals, i.e.:
1. Passive/semi-passive (Device A/B) devices for indoor use, and active devices (Device C) for outdoor use.
2. Topology (1), i.e. direct-to-gNB.
3. FDD licensed spectrum.
Our analysis shown in Appendix A justifies two further assumptions:
4. That a passive/semi-passive design can be produced to a large extent by simplifying or removing aspects from the active device design, without requiring entirely independent work streams in WGs.
5. In many cases, the designs can refer to techniques known to RAN WGs, such as simple FECs, line codes, and more recently, ultra-low power receiver designs.
An illustrative analysis of the work progress for the two device types is given in Appendix A for RAN WGs. Below, we show the analysis for RAN1.
In RAN1, for example, there is no need to have different fundamentals such as time and frequency domain resource definitions. Whereas, FECs may need to be simpler for passive than active, but can probably rely on textbook designs. But periodic synchronization signals and MIB-like transmissions are unnecessarily complex for passive devices, and hence needed only for active devices.
In RAN2, for example, it seems likely that some protocol layers can be removed completely for passive devices, such as RLC and PDCP. Random access procedures are needed for both, and will need to be different, but the active device design can rely heavily on well-known MAC design tendencies.
In RAN3, for example, it is possible to have unified solutions for these two device types or at least keep some commonalities, such as connection management, data transmission method, etc. The existing signaling over interfaces may also be extended to support them to avoid extra work, such as paging, system Information management, etc.
In RAN4, for example, no significant impacts are expected to RRM specifications for passive devices.

				Specific to passive
Specific to active
Common to passive & active

	RAN1
	Descriptions
	SI
	WI

	
	
	1st
	2nd
	3rd
	4th
	5th
	6th
	7th
	8th
	9th

	Evaluation
	Device architecture
	· Identify device architecture options 
· Derive key device characteristics
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	Methodology and assumptions
	· Link or system level simulation assumptions, metrics, indoor and outdoor scenarios, device energy activation threshold by RF signal, carrier wave provision for backscattering, etc.
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	Design target evaluation
	· Power consumption
· Coverage
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	Coexistence evaluation
	· Coexistence scenarios and interference analysis
· Identify network impacts
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	PHY design
	General aspect
	· Frame structure and numerology
	
	
	
	
	
	
	
	
	

	
	
	· Waveform and multiple access
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	
	· Modulation and channel coding
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	
	· Deployment flexibility, including potential different operation modes
	
	
	
	
	
	
	
	
	

	
	Signal, channel and procedure
	· On-demand synchronization signal and sequence
· Reference signal and sequence
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	
	· Periodic synchronization signal and sequence
· PRACH and sequence
	
	
	
	
	
	
	
	
	

	
	
	· Random access procedure
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	
	· MIB-like function and control channel function
	
	
	
	
	
	
	
	
	

	
	
	· Data channel function including TBS, MCS tables, allocations etc.
	
	
	
	
	
	
	
	
	

	
	
	· Scheduling and HARQ timing relationship
	
	
	
	
	
	
	
	
	

	
	
	· Power control
	
	
	
	
	
	
	
	
	

	
	Device capability
	· Define passive and active devices (not part of time unit)
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	


Figure 8: Schematic arrangement of work tasks for (semi-)passive and active devices in RAN1.For other WGs refer to Appendix B.
With the work oriented in this way, no type of Ambient IoT device is design-constrained by another, since the passive design can still be changed as much as needed from the active design. Rather, the point is to re-use and simplify where possible, and to design appropriately where that is not possible.
Observation 4: It is practicable to manage the workload of a RAN SI + WI for Devices A, B, and C in Rel-19 by:
· Limiting to topology (1) and licensed FDD spectrum.
· Encouraging WGs to structure discussions and agendas to allow passive device (A/B) designs to consider first simplification/removal of aspects from the active device (C) design, and second to consider differentiated designs.
· Encouraging WGs to refer to existing 3GPP technologies and studies for candidate solutions.
5 Conclusion
In this paper, we provide our views on the scope of Rel-19 work for Ambient IoT. The observations and proposals are summarized as follows.
Observation 1: Real business demand can be found for Ambient IoT, justifying the goal to have normative work in Rel-19.
· Commercial demand exists for both indoor (i.e. passive/semi-passive) and outdoor (i.e. active) operation with devices satisfying the design targets of Ambient IoT.
Observation 2: Various non-3GPP technologies are investigating techniques and products supporting low-cost small-size batteryless wireless devices, which aim at some target markets of Ambient IoT.
Observation 3: Existing 3GPP technologies do not meet the requirement of low-cost small-size battery-less devices.
Observation 4: It is practicable to manage the workload of a RAN SI + WI for Devices A, B, and C in Rel-19 by:
· Limiting to topology (1) and licensed FDD spectrum.
· Encouraging WGs to structure discussions and agendas to allow passive device (A/B) designs to consider first simplification/removal of aspects from the active device (C) design, and second to consider differentiated designs.
· Encouraging WGs to refer to existing 3GPP technologies and studies for candidate solutions.

Proposal 1: Start normative work of Ambient IoT in Rel-19, to satisfy the fast-growing IoT markets requiring low-cost small-size battery-less wireless devices.
Proposal 2: Rel-19 Ambient IoT standardizes both (semi-)passive (A/B) and active (C) devices.
Proposal 3: Rel-19 Ambient IoT is for RAN connectivity topology (1), i.e. direct link between Ambient IoT device and basestation.
Proposal 4: Rel-19 Ambient IoT assumes licensed FDD spectrum.
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Appendix A: Illustrative work plan for Rel-19 Ambient IoT
In Rel-19, there are 9 meetings planned. In the following tables, the ‘pink’ bar denotes the meetings planed for each corresponding objective of passive device, while ‘blue’ denotes active device. The common parts between passive and active device are denoted by ‘green’.

				Specific to passive
Specific to active
Common to passive & active

Table A-1 Illustration of the RAN2 work plan for Rel-19 Ambient IoT
	RAN2
	Descriptions
	SI
	WI

	
	
	1st
	2nd
	3rd
	4th
	5th
	6th
	7th
	8th
	9th

	Control plane
	General RRC study
	· Decide which / any RRC states needed for active and passive
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	Measurement and mobility
	· Whether measurement is possible for passive Tag (or active Tag)
· Whether mobility is supported
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	Paging
	· Paging procedure
· Coordination with SA2 on paging ID
· Coordination with RAN1 on paging channel
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	UE capability
	· UE capabilities for passive Tags
· UE capabilities for active Tags
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	Running CR
	· Running CR for all specifications
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	User plane
	SDAP
	· The need of SDAP/QoS flow for both passive and active tags (coordination with SA2)
	
	
	
	
	
	
	
	
	

	
	PDCP
	· Need of AS security (LS out to SA3 to check SA if AS security is needed or not)
· Need of other PDCP functionalities
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	RLC
	· For passive Tag, need of segmentation (UM) and retransmission (AM)
· For active Tag, need of segmentation (UM) and retransmission (AM)
· For passive/active, whether TM is supported
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	MAC
	· RACH procedure (based on conclusions by RAN1, e.g. Msg1)
· BSR
· Other MAC functionalities
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	Data transmission
	· Data transmission on DRB or SRB or no RB
· General solutions for Data transmission procedure
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	



Table A-2 Illustration of the RAN3 work plan for Rel-19 Ambient IoT
	RAN2
	Descriptions
	SI
	WI

	
	
	1st
	2nd
	3rd
	4th
	5th
	6th
	7th
	8th
	9th

	NG
	NGAP connection management
	· Define signaling association for active and passive
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	Paging
	· Define signaling for paging, coordination with SA2 and RAN2
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	Data transmission
	· Define data over NAS and/or data over GTP-U tunnel, coordination with SA2
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	Xn
	Resource coordination
	· Resource configuration exchange to avoid e.g. interference
	
	
	
	
	
	
	
	
	

	F1
	System information
	· Support of new MIB, new SIB, coordination with RAN2 on detailed information to be provided over F1
	
	
	
	
	
	
	
	
	

	
	Paging
	· Define signaling for paging, coordination with SA2 and RAN2
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	

	
	F1AP connection management
	· Define signaling association for active and passive
	
	
	
	
	
	
	
	
	

	
	
	· 
	
	
	
	
	
	
	
	
	



Table A-3 Illustration of the RAN4 work plan for Rel-19 Ambient IoT
	RAN4
(RF and RRM)
	Descriptions
	SI
	WI

	
	
	1st
	2nd
	3rd
	4th
	5th
	6th
	7th
	8th
	9th

	Feasibility study
	· Feasibility study of BS/device architectures
· Link budget study
	
	
	
	
	
	
	
	
	

	
	· 
	
	
	
	
	
	
	
	
	

	Co-existence analysis
	· Co-existence analysis (micro/macro, IoT/ LTE&NR, BS/device)
	
	
	
	
	
	
	
	
	

	
	· 
	
	
	
	
	
	
	
	
	

	RF requirements
	· BS TX/RX RF requirements, such as signal quality, power boosting value, sensitivity, ACLR, ACS (may including other new requirements for the new waveform)
· UE TX/RX RF requirements, such as output power, dynamic range, signal quality, sensitivity, ACLR, ACS, frequency error (may including other new requirements for the new waveform)
	
	
	
	
	
	
	
	
	

	
	· 
	
	
	
	
	
	
	
	
	

	IDLE mobility*
	Cell selection
	· Define Cell reselection requirements if needed
	
	
	
	
	
	
	
	
	

	
	Cell re-selection
	· Decide whether to define cell re-selection requirements 
· Decide the measurement capability 
· Define Cell reselection requirements (serving/neighbor cell)
	
	
	
	
	
	
	
	
	

	CONNECTED mobility*
	RACH
	· Define requirement for correct behavior for RACH
	
	
	
	
	
	
	
	
	

	
	Connection redirection
	· Define connection re-direction requirements if needed
	
	
	
	
	
	
	
	
	

	CONNECTED measurement*
	Serving cell measurement
	· Define serving cell measurement requirements 
	
	
	
	
	
	
	
	
	

	
	Channel quality report
	· Define channel quality measurement delay if needed
· Define channel quality table if needed
	
	
	
	
	
	
	
	
	

	
	PHR mapping
	· Define PHR mapping table if needed.
	
	
	
	
	
	
	
	
	


Note *: No significant RRM impacts for passive device.
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