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1 Introduction
In SA #102, TR 22.840 has updated to V1.2.0 in which some potential key performance requirements of part of the use cases have been updated [1]. In previous RAN #100, Agreements on device characteristics and categorization and characteristics of deployment scenario 1-5 are captured. The remaining issues are as follows:
	· Complete the set of RAN design targets (such as: Device power consumption, Coverage, Maximum message size, Latency, Positioning accuracy, etc.) with the consideration of different characteristics of various use cases.
· Discuss and complete the feasibility assessment and the assumptions on required functionality for supporting RAN design target and other requirements.


In this contribution, we discuss on the RAN SI relating issues and recommended conclusions for the SI.
2	Discussion
2.1 RAN design target
Based on latest TR 22.840 V1.2.0 [1], the requirements of all use cases of SA1 can be summarized in the following table:
Table 1: Summary of requirements of all use cases in TR 22.840 V1.2.0
	Use case category
	Use Cases identified in TR 22.840 by SA1
	Max E2E latency
	Communication Range
	Positioning Accuracy
	Message Size
	Data rate
	Device density
	Device speed

	inventory
	5.1; 5.2; 5.4; 5.5; 5.7; 5.15; 5.16; 5.18; 5.27;6.1
	1~10s
	50 m (indoor)
	3 m, 90%
	<100 bytes
	<1000 bits/s
	<1.5 million per km2 (indoor)
≥1000 per km2 (outdoor)
	3~10 km/h

	sensor
	5.3; 5.6; 5.13; 5.15; 5.19; 5.20; 5.22; 5.23; 5.24; 5.25; 6.2
	1~30s
	50 m (indoor),
500 m (outdoor)
	NA
	<1000 bits
	<1000 bits/s
	1 per m2 (indoor)
1000 per km2 (outdoor)
	<6km/h

	Positioning
	5.8; 5.9; 5.10; 5.12; 5.14; 5.21
	0.5~10s
	50 m (indoor),
100~400 m (outdoor)
	1~3 m, 90% (indoor)
cell-leval (outdoor)
	<100 bytes
	<1000 bits/s
	250 per 100 m2 (indoor)
10 per 100 m2 (outdoor)
	3~10 km/h 

	Command
	5.11; 5.17; 5.26; 5.29; 5.30; 6.3
	hundreds
ms level
	50 m (indoor)
500 m (outdoor)
	NA/FFS
	<1000 bits
	NA/FFS
	NA/FFS
	NA/FFS


Based on the above analysis and summary, we can make a brief discussion on RAN design target for Ambient IoT.
(a) Device power consumption
Device power consumption is the main difference among the 3 categories of Ambient IoT devices. Significant power consumption gap among Device A, B, C and other existing 3GPP technologies (such as NB-IoT/eMTC) is desired. 
Device A is operated with RF energy harvesting only and limited device size. For example  device size restricts the capacitor size therefore the capacity is limited. Hence its power consumption is similar to nowadays passive RFID devices with several uW level.
Device B is operated with power amplifier for the backscatter link and typically with additional energy harvesting module to rather than RF energy. Device C is operated with active signal generation and power supplier, e.g., battery. 
Significant power consumption gap is desired among device B, C and existing NB-IoT/eMTC. Techniques for achieving large gap can be as follows,
· Typically, NB-IoT peak power consumptions is constrained by hardware for OFDM transceiver, such as several tens of mW. With device B and C, new waveforms such as OOK or single carrier QAM can be considered to tremendously reduce the peak power consumption. 
· Uplink Tx power for NB-IoT 23dBm can be relaxed for device B and C in order to reduce cost/complexity. Therefore, the device power consumption is also reduced. However, tradeoff between coverage and power consumption need to be studied. 
· For device B and C, another advantage of enlarge the power consumption gap between Device B and C is that it can make Device C have more capabilities, especially where periodically reporting or monitoring and controlling other devices, or to communicated for 500m is required to guarantee device C can be deployed in the outdoor wide area. A clear gap is also helpful in further discussions.
Proposal 1: Significant power consumption (i.e., peak) gap is desired among device A, B, C and existing NB-IoT/eMTC. 
(b) Coverage
As shown in Table I, the typical required communication range of the use cases is 50 m for indoor scenario and 500 m for outdoor scenario. And in RAN #99, companies agree to determine coverage design target based on topology. For Topology 4, the communication range between UE and ambient IoT devices is greatly affected by the capability of UE.  Based on all SA1 requirements and RAN agreements, the following table is summarized.
Table 2. coverage for device type and topology
	
	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 ↔ tag

	Device A
	Indoor: Typical indoor 3GPP inter-site distances
Outdoor: NA
	Indoor: Typical indoor 3GPP inter-site distances
Outdoor: NA
	Indoor: Typical indoor 3GPP inter-site distances
Outdoor: NA
	Indoor: FFS (depending on capability of UE)
Outdoor: NA

	Device B
	Indoor: Typical indoor 3GPP inter-site distances
Outdoor: FFS (depending on capability of Device B)
	Indoor: Typical indoor 3GPP inter-site distances
Outdoor: FFS (depending on capability of intermediate node and Device B)
	Indoor: Typical indoor 3GPP inter-site distances50m
Outdoor: FFS (depending on capability of assisting node and Device B)
	Indoor: FFS (depending on capability of UE)
Outdoor: FFS (depending on capability of UE and Device B)

	Device C
	Indoor: Typical indoor 3GPP inter-site distances
Outdoor: Typical outdoor 3GPP inter-site distances
	Indoor: Typical indoor 3GPP inter-site distances
Outdoor: Typical outdoor 3GPP inter-site distances
	Indoor: Typical indoor 3GPP inter-site distances
Outdoor: Typical outdoor 3GPP inter-site distances
	Indoor: FFS (depending on capability of UE)
Outdoor: FFS (depending on capability of UE)



For Device A, it is quite difficult to fulfil the requirement of long-range communication in outdoor, so Device A is mainly targeted for indoor scenario. For outdoor scenario, only proximity device to the reader can be operated. While for Topology 4, due to the absence of the base station, the coverage range should be the distance that “New UE” or “Ambient IoT compatible UE” can communicate with Ambient IoT devices, which depends on the capability of UEs.
For Device B, it’s slightly different with Device A, the communication range of Device B relates to its amplifier gain and energy storage capability. For Topology 1, the outdoor coverage design target can be determined as soon as the capability of Device B has been determined.  For Topologies 2 and 3, we are not sure about whether Device B can achieve 500m communication even with the assistance/intermediate node, so we marked it as FFS. For Topologies 4, we are not sure the capability of “New UE” or “Ambient IoT compatible UE”, so we left the FFS. We hope that network vendor or UE vendor can provide some inputs here.
For Device C, it only has issue in Topologies 4, since the capability of “New UE” or “Ambient IoT compatible UE” is still uncertain, so we marked it as FFS (depending on capability of UE), If UE capability is confirmed, it should be replaced. 
For detail coverage targets, the following can be considered for further study in the R19 WG SI.
· LAcov:  	Local area coverage, e.g., 30-50m 
· WAcov1:  	Wide area coverage option 1 = X gap to NR/LTE bottleneck channel, FFS: X
· WAcov2: 	Wide area coverage option 2 = comparable to NR/LTE bottleneck channel
· WAcov3: 	Wide area coverage option 3 = comparable to NR/LTE broadcast channel, e.g., PDCCH for paging
And both Uma, Umi, InH, Rural scenario can be studied.
· For device A, LAcov is considered.
· For device B, depending on device capability, further consideration of WAcov1 or WAcov2 can be considered.
· For device C, it is expected WAcov2 is a good tradeoff between coverage and power consumption. However, WAcov3 can be considered if sufficient power gap between device C and NBIoT/eMTC can be kept.

Proposal 2: Considering the requirements of the SA1 use cases, for Topology 1~3, the indoor coverage range of Device A and B is typical indoor 3GPP inter-site distances; the coverage range of Device C is typical indoor 3GPP inter-site distances for indoor and typical outdoor 3GPP inter-site distances for outdoor scenario.
Proposal 3: Further discussion on the coverage target for each device compared to the NR/LTE coverage can be left to WG SI in Rel-19. 
· Further consideration of WAcov1 or WAcov2 for the coverage target of device B
· Further consideration of WAcov2 or WAcov3 for the coverage target of device C
· Note:
· WAcov1:  Wide area coverage option 1 = X gap to NR/LTE bottleneck channel, FFS: X
· WAcov2: 	Wide area coverage option 2 = comparable to NR/LTE bottleneck channel
· WAcov3: 	Wide area coverage option 3 = comparable to NR/LTE broadcast channel, e.g., PDCCH for paging

(c) Data rate
The data rate is often sacrificed for lower power consumption and better coverage (i.e., sensitivity).
Data rate versus coverage
The larger the communication range, the slower the data rate. Supposing a certain Device C works far from the typical outdoor 3GPP inter-site distances, the communication rate can be slower than 0.1kbps. Therefore, for device C, we suggest to add a note on the data rate stating that the data rate only applies for Ambient IoT device within typical outdoor 3GPP inter-site distances.
Literature shows that receiver power and range scale together [3][4]. When the sensitivity is normalized to a 1-kb/s data rate, these normalized points are compared to two groups with a constant figure of merit: 10× power/20-dB sensitivity and 10× power/10-dB sensitivity (Figure A-1 in Annex). The latter is more commonly used for energy detection front ends.
Data rate versus power consumptions
Literatures shows typically 10× power/10× data rate [3][4] (Figure A-2 in Annex).  Digital baseband processing typically consists of correlators to identify an on–off keying (OOK) wake-up sequence, cutting down on false detections and adding 5–15 dB of processing gain. Data rates for these receivers are less than 1 kb/s (Figure 2), limited by the speed and bandwidth of the subthreshold analog and digital baseband circuits.
Proposal 4: For device C, add a note on data rate design target stating that it only applies for Ambient IoT device within typical outdoor 3GPP inter-site distances.
(d) Maximum message size
As shown in Table I, we can summarize the maximum message size of different use case as follows:
· The maximum message size of typical inventory use cases is 800 bits (100 bytes).
· The maximum message size of typical sensor use cases is 1000 bits.
· The maximum message size of typical positioning use cases is 800 bits (100 bytes).
· The maximum message size of typical command use cases is 1000 bits.
In summary, the maximum message size among the design targets is recommended as 1000 bits. 
Proposal 5: The maximum message size is 1000 bits for all use cases.
(e) Latency
Obviously, latency is directly related to device density, message size and communication range. A latency requirement is applicable for all cases. Current latency requirement described in TR 22.840 V1.2.0 can be a start point for future design.
As for DO and DT, we think it can be further studied in R19 WG SI or WI. Currently, not many solid concludes can be drawn.
Proposal 6: Current latency requirement described in TR 22.840 V1.2.0 can be a start point for future design.
(f) Connection/device density
Device density is specific to the scenario, we think connection density is more appropriate for RAN design targets, as there may be situations where the device density is extremely high in a certain scenario and RAN cannot support the connections of all devices. For the use case given by SA1, the typical value of required connection density is 250 devices per 100 m2 for indoor and 10 devices per 100 m2 for outdoor. Therefore, the maximum connection density in the RAN design target can be set to 250/100m2 for indoor and 10/100m2 for outdoor.
Proposal 7: RAN is kindly suggested to modify “connection/device density” to “connection density”, and the maximum connection density can be set as 250 devices per 100 m2 for indoor and 10 devices per 100 m2 for outdoor.
(g) Moving speed of device
The factors considered when designing the RAN target of the moving speed of device vary depending on different topologies. For Topology 1 and Topology 4, the base station/UE is directly connected to the ambient IoT devices, so it is reasonable to use the relative speed between the base station/UE and ambient-IoT devices. For Topology 2, both the relative speed between base station and intermediate node and the relative speed between intermediate node and ambient IoT device should be considered when designing the RAN target. For Topology 3, the relative speed between base station and assisting node, the relative speed between assisting node and ambient IoT device and the relative speed between base station and ambient IoT device should take into consideration.
Proposal 8: RAN is kindly asked to determine moving speed of device target based on topology. For Topology 1 and Topology 4, the maximum relative moving speed between BS/UE and ambient IoT device can be set as 10km/h.
2.2 Follow-up recommendations of RAN SI for Ambient IoT
A follow-up WG SI is expected to start in Rel-19. It can be crucial that we address the urgency associated with the timeline. If the WG intends to undertake a comprehensive study encompassing all four use case categories, three device categories, and four topologies, the evaluation and study alone would necessitate a minimum of 18 months. Nevertheless, it remains a matter of concern whether it is necessary to tackle such an extensive scope right from the initial release, or if our focus should primarily be on the fundamental and common aspects of the scope.
Hence, basic subset of the aforementioned scope is expected for complete the SI and WI within Rel-19. The advantage of this approach would be the ability to meet the demands of vertical customers more expeditiously, by the end of 2025 Q4.

Observation 1: There is a need to prioritize and streamline the scope of the Ambient IoT study in order to meet the urgent timeline and cater to the requirements of vertical customers more quickly.
Given the urgency market demands, it is imperative to prioritize certain related scenarios in the context of Ambient IoT. A crucial question arises: should all four use cases be included in the R19 WG SI? The comprehensive study outlined in TR 38.848 highlights representative use cases, namely Inventory, sensors, positioning, and command [2]. Notably, the Inventory and sensor use cases share similar requirements, except for variations in message size, while positioning entails specific considerations regarding L1/L2 signaling and architecture.
To establish a design framework for Ambient IoT, it is proposed that the use case of inventory be treated as the fundamental scenario, similar to the approach of utilizing eMBB as the baseline for 5G design. By prioritizing the inventory use case, a design solution can be achieved that is compatible with sensor and activator use cases. Use case of sensor may require two more signalling and larger message size to 1000bits, comparing with inventory use case. 
Positioning use cases, on the other hand, would be regarded as technical enhancements built upon the baseline design, addressing the specific requirements associated with L1/L2 signaling and architecture. Positioning use cases can be consider for study as technical enhancement on top of baseline in Rel-19 or Rel-20.
Proposal 9: Similar to taking eMBB as the NR baseline use case, inventory serves can be taken as a fundamental use case for Ambient IoT. The physical and L2 design can be compatible with sensor and command use cases. Positioning use cases can be considered as technical enhancement on top of baseline in Rel-19 or Rel-20.
Due to variations in capabilities and characteristics among Ambient IoT devices, their utilization of technological pathways in standardization may also differ. Therefore, design targets and options for passive and active Ambient IoT devices should be explored to ensure optimal performance and compatibility. Two key options have been identified here:
· Option 1: Take passive device design as basic. Then reuse designs for semi-passive and active device design as much as possible. 
· Option 2: Take active device design as basic. Then reuse designs for semi-passive and active device as much as possible
· Option 3: Parallel and strive for common design for passive/semi-passive and active device as much as possible.
Option 1 and 2 has the potential to be accommodated within the scope of the R19 SI+WI, given a singular emphasis on passive device design. Conversely, Option 3 would require a comprehensive 18-month study to effectively address the complexities involved.
If the WG decides to study and specify active devices in Rel-19, it is recommended that the basic design of the passive device be reused to the greatest extent possible, particularly concerning PHY UL/DL shared channel and L2/3 procedures. This approach would minimize the extent of study and standardization work required, allowing the first release to concentrate on the fundamental and common aspects of both passive and active devices.
Observation 2: Option 1 is possible to fit in Rel-19 SI+WI, while Option 2 requires an 18-month study. 
Observation 3: If Device C is included, reusing the basic design of Device A and B can minimize the study and standardization work.
In line with these considerations, we suggest adopting the Device A as the baseline in Rel-19. Device B can reuse the elements such as PHY UL/DL shared channels and L2/3 procedures of Device A. Device C can serve as the enhancement of Device A and B. And if the inclusion of active devices in the SI and WI is desired, the air interface design of the passive device should be maximally leveraged, ensuring compatibility with the active device by reusing elements such as PHY UL/DL shared channels and L2/3 procedures. Specific design enhancements can still be incorporated to cater to the unique requirements of passive devices (e.g., extreme low power) and active devices (e.g., coverage enhancement).
Proposal 10: Strive for common design for passive/semi-passive and active device as much as possible
Proposal 11: If active device will be specified in Rel-19, the air interface design of active device should reuse the design of passive/semi-passive as much as possible. 
Licensed FDD bands hold an advantage over licensed TDD bands as they typically operate at lower frequencies and easy to operate with continuously Tx and Rx. And compared to unlicensed, it has less interface which can be helpful for coverage enhancement.
Proposal 12: It is recommended to prioritize low-frequency licensed bands, specifically licensed FDD. 
Rel-19 SI+WI prioritizes the development of foundational features essential for Ambient IoT, with a specific emphasis on inventory management. This prioritization ensures that the basic functionality and core requirements of Ambient IoT, such as inventory tracking and monitoring, are effectively addressed. By focusing on these fundamental aspects, the WG can establish a robust foundation for the subsequent stages of development.
In the context of SI evaluation for Rel-19, candidate positioning methods such as RSRP, phase difference, AOA, and TOA/TDOA are being considered. However, the primary focus of Rel-19 SI is on developing the foundational functionality of Ambient IoT, with a specific emphasis on inventory management. This prioritization allows for the establishment of a solid foundation before incorporating enhancements, such as positioning and other advanced features, in subsequent releases.
Proposal 13: Rel-19 SI prioritize basic function of Ambient IoT, i.e., inventory and sensing. 
Although TR 38.848 has identified five topologies, but including all these topologies in R19 is of much challenge. Traditionally, infrastructure-based solution is of commercial successful and should be considered as high priority, such as topology 1. However, considering compromise of the technique capability and coverage/power aspects, complementary topology such as topology 2 can also be considered.
Proposal 14: Design a unified ambient-link interface for topologies 1 and 2, ensuring seamless access for ambient IoT devices to both gNB and intermediate nodes. Other topologies are deprioritized for the first release of Ambient IoT.
3	Conclusion
This contribution discusses on design targets and Rel-19 Ambient IoT, and provides the following proposal:

Proposal 1: Significant power consumption (i.e., peak) gap is desired among device A, B, C and existing NB-IoT/eMTC. 
Proposal 2: Considering the requirements of the SA1 use cases, for Topology 1~3, the indoor coverage range of Device A and B is typical indoor 3GPP inter-site distances; the coverage range of Device C is typical indoor 3GPP inter-site distances for indoor and typical outdoor 3GPP inter-site distances for outdoor scenario.
Proposal 3: Further discussion on the coverage target for each device compared to the NR/LTE coverage can be left to WG SI in Rel-19. 
· Further consideration of WAcov1 or WAcov2 for the coverage target of device B
· Further consideration of WAcov2 or WAcov3 for the coverage target of device C
· Note:
· WAcov1:  Wide area coverage option 1 = X gap to NR/LTE bottleneck channel, FFS: X
· WAcov2: 	Wide area coverage option 2 = comparable to NR/LTE bottleneck channel
· WAcov3: 	Wide area coverage option 3 = comparable to NR/LTE broadcast channel, e.g., PDCCH for paging
Proposal 4: For device C, add a note on data rate design target stating that it only applies for Ambient IoT device within typical outdoor 3GPP inter-site distances.
Proposal 5: The maximum message size is 1000 bits for all use cases.
Proposal 6: Current latency requirement described in TR 22.840 V1.2.0 can be a start point for future design.
Proposal 7: RAN is kindly suggested to modify “connection/device density” to “connection density”, and the maximum connection density can be set as 250 devices per 100 m2 for indoor and 10 devices per 100 m2 for outdoor.
Proposal 8: RAN is kindly asked to determine moving speed of device target based on topology. For Topology 1 and Topology 4, the maximum relative moving speed between BS/UE and ambient IoT device can be set as 10km/h.
Observation 1: There is a need to prioritize and streamline the scope of the Ambient IoT study in order to meet the urgent timeline and cater to the requirements of vertical customers more quickly.
Proposal 9: Similar to taking eMBB as the NR baseline use case, inventory serves can be taken as a fundamental use case for Ambient IoT. The physical and L2 design can be compatible with sensor and command use cases. Positioning use cases can be considered as technical enhancement on top of baseline in Rel-19 or Rel-20.
Observation 2: Option 1 is possible to fit in Rel-19 SI+WI, while Option 2 requires an 18-month study. 
Observation 3: If Device C is included, reusing the basic design of Device A and B can minimize the study and standardization work.
Proposal 10: Strive for common design for passive/semi-passive and active device as much as possible
Proposal 11: If active device will be specified in Rel-19, the air interface design of active device should reuse the design of passive/semi-passive as much as possible. 
Proposal 12: It is recommended to prioritize low-frequency licensed bands, specifically licensed FDD. 
Proposal 13: Rel-19 SI prioritize basic function of Ambient IoT, i.e., inventory and sensing. 
Proposal 14: Design a unified ambient-link interface for topologies 1 and 2, ensuring seamless access for ambient IoT devices to both gNB and intermediate nodes. Other topologies are deprioritized for the first release of Ambient IoT.
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Figure A-1. Power versus sensitivity [3][4]
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Figure A-2. Power versus data rate [3][4]
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