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[bookmark: _Hlk157954776]1	Introduction
In TSG RAN Meeting #102, a new SID of studying on solutions for Ambient IoT in NR has been agreed [1]. Part of general scope and objectives are listed below.
	The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope:
A. The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:
i. ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
ii. ≤ a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.
· X  is to be decided in WGs.
· Coverage design target: Maximum distance of 10-50 m with device indoors as per TR 38.848: “…a range that WGs can sub-select within”.
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ. 
NOTE 1: It is to be understood that “≤ a few hundred µW” means WGs are not tasked with setting a particular value, and that it will be for WG discussions to determine if a presented design with corresponding power consumption satisfies the “≤ a few hundred µW” requirement.

B. Deployment Scenarios with the following characteristics, referenced to the tables in Clause 4.2.2 of TR 38.848:
· Deployment scenario 1 with Topology 1
· Basestation and coexistence characteristics: Micro-cell, co-site
·   Deployment scenario 2 with Topology 2 and UE as intermediate node, under network control
· Basestation and coexistence characteristics: Macro-cell, co-site
· The location of intermediate node is indoor
C.  FR1 licensed spectrum in FDD.
D. Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s).
       …
The following objectives are set, within the General Scope:
1. Evaluation assumptions
a)	Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
o	Clause 5.3: Applicable maximum distance target values(s)
o	Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
o	Clause 5.8: 2D distribution of devices
b)	Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c)	Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d)	Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
NOTE: strive to minimize evaluation cases in RAN1.
…



In this paper, we discuss and give our views on the general architecture requirements for ambient IoT.
2	Discussion
In RAN1#116, following device types were agreed to be considered for the architecture discussion.
· Device 1: ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· Device 2a: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
· Device 2b: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both DL and/or UL amplification in the device. The device’s UL transmission is generated internally by the device.
Further, agreements were made for high level device architecture description for Device 1 and Device 2a. However, the architecture for Device 2b is still under discussion. Moreover, it is not clear whether other architectures for Device 2a (like IF-ED and ZIF) should be considered for the study.
For the case of Device 2a, while advanced receiver architectures like IF-ED or ZIF can provide better DL performance, but they do so at the cost of increased power consumption and device complexity. Further, presence of components like LO only in the receiver path (as transmitter uses backscatter communication) does not provide a good justification for cost effectiveness from a deployment perspective. Hence, we propose to not consider IF-ED or ZIF architecture further for study for Device 2a.
Proposal 1: Consider RF-ED architecture as baseline for Device 2a for Rel-19.
For the case of Device 2b, there is scope for potential improvements in the receiver/transmitted paths considering that these devices can be more complex and have higher scope for power consumption. Hence, we can consider IF-ED type device architecture which can help in improving the receiver performance. However, applicability of ZIF type architecture need further discussion as this may increase the complexity of the device significantly due to complex baseband processing (comparable to legacy 3GPP IoT technologies like NBIoT), which can make this architecture unattractive for deployment.
Proposal 2: Study RF-ED and IF-ED architecture for Device 2b for Rel-19.
Regarding the RF-ED architecture for Device 2b, we can consider the architecture proposed by the FL during the email discussions of RAN1#106 as baseline. Figure 1 depicts our proposal for the RF-ED based device architecture for Device 2b. Here, the applicability of RF BPF can be further discussed depending on the deployment scenarios (e.g. whether transmissions from other interfering devices is present in another carrier). Further, the applicability of LNA can also be discussed for DL performance improvement. 
Note that in the transmitter path, the type of PA needs to be further discussed (e.g. whether low power amplifiers can be supported) to improve the power efficiency of the IoT devices. Also, PLL has been removed to reduce the complexity of device implementation. We can further discuss if we should support FLL instead for this purpose.


[bookmark: _Ref162523700]Figure 1 RF-ED architecture for Device 2b.
Proposal 3: Capture Figure 1 as RF-ED architecture for Device 2b. RAN1 to further study the following:
· Applicability of RF BPF and LNA
· Type/characteristics of PA
· Whether to support PLL or FLL for LO
Similarly, for the IF-ED architecture for Device 2b, we can consider the architecture proposed by the FL during the email discussions of RAN1#106 as baseline. Figure 2 depicts our proposal for the IF-ED based device architecture for Device 2b. 


[bookmark: _Ref162524231]Figure 2 IF-ED architecture for Device 2b.
Proposal 4: Capture Figure 2 as IF-ED architecture for Device 2b. RAN1 to further study the following:
· Applicability of RF BPF and LNA
· Type/characteristics of PA
· Whether to support PLL or FLL for LO
We now try to provide our perspective on the detailed architecture components and their applicability to different device types.
Antennas
Few companies have indicated their preference to keep two separate antennas for communication and RF harvesting use cases. Here, the rational behind separate antenna for RF harvesting is to allow for high Q-factor which aids in more efficient energy harvesting. However, this also increases the cost of device implementation which is a crucial factor for ambient IoT successful deployment at least for Device Type 1. We can consider the applicability of two antennas for Device 2a and 2b which would require better energy harvesting capabilities due to their higher power consumption values.
Note that even though actual deployment of the devices can be up to implementation (e.g. Device 1 may eventually consist of two antennas) but for determining the evaluation assumptions and for identifying the proper signaling/communication framework, it is preferable to agree on a baseline value for device types.
Proposal 5: Consider single antenna as baseline for Device 1. Application of separate antennas for energy harvesting and communication can be studied for Device 2a and 2b.
Clock/LO
For Clock/LO accuracy assumption, we assume that higher initial SFO would be applicable to Device 1 as compared to Device 2a/2b, where an initial SFO of 10^4~10^5 ppm value can be assumed (like RFID) and SFO requirement of Device 2 can be assumed to be around 100ppm.
Proposal 6: Consider following as the clock/LO accuracy assumptions for ambient IoT,
· Initial SFO of 10^4 ~ 10^5 ppm for Device 1
· Initial SFO of 100 ppm for Device 2a/2b
Energy Storage
RAN1#116 also briefly discussed the requirements for energy storage in IoT devices. Although, energy storage assumption is not expected to be explicitly specified, the energy storage assumptions will dictate us to identify the Tx/Rx operational requirements. For example, the amount of time an ambient IoT device can be expected to continue Tx/Rx operation without interruption is directly linked to the amount of energy storage present in the device. Hence, there is a need to agree on the baseline assumption of storage.
From our understanding, specifying the exact storage value (in uF) for different device types leads into discussion of various implementation specific aspects for example energy harvesting efficiency. This type of discussion should be avoided. Instead, we prefer to have the discussion on the overall impact on the communication capability of the IoT devices. Hence, it may be preferable to discuss the IoT device storage requirements in terms of time duration for which an ambient IoT device can continue its Tx/Rx operation without interruption of energy harvesting. Further, we can consider whether the requirement can be kept common for all device types or different for each device.
Proposal 7: Discuss the energy storage requirements for different ambient IoT device types in terms of time duration for which an ambient IoT device can continue its Tx/Rx operation without interruption.

3	Conclusion
In this contribution, we give our views on the general architecture aspects of ambient IoT, and propose that:
Proposal 1: Consider RF-ED architecture as baseline for Device 2a for Rel-19.
Proposal 2: Study RF-ED and IF-ED architecture for Device 2b for Rel-19.
Proposal 3: Capture Figure 1 as RF-ED architecture for Device 2b. RAN1 to further study the following:
· Applicability of RF BPF and LNA
· Type/characteristics of PA
· Whether to support PLL or FLL for LO
Proposal 4: Capture Figure 2 as IF-ED architecture for Device 2b. RAN1 to further study the following:
· Applicability of RF BPF and LNA
· Type/characteristics of PA
· Whether to support PLL or FLL for LO
Proposal 5: Consider single antenna as baseline for Device 1. Application of separate antennas for energy harvesting and communication can be studied for Device 2a and 2b.
Proposal 6: Consider following as the clock/LO accuracy assumptions for ambient IoT
· Initial SFO of 10^4 ~ 10^5 ppm for Device 1
· Initial SFO of 100 ppm for Device 2a/2b
Proposal 7: Discuss the energy storage requirements for different ambient IoT device types in terms of time duration for which an ambient IoT device can continue its Tx/Rx operation without interruption.
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