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1 Introduction
In RANP#102 Edinburgh, a study item on Ambient IoT was approved [1], including the following objective:
	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].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· 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.



This document covers the following issues related to this objective:
· Design targets
· Link budget calculation

2 Design targets 
The SID [1] has the following objective:
	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].
a. Clause 5.3: Applicable maximum distance target values(s)
b. Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
c. Clause 5.8: 2D distribution of devices




2.1 Maximum distance
TR38.848 contains the following details of the maximum distance design target:
	The coverage target for both DL and UL is represented by the maximum distance:  
-	Between Ambient IoT device and basestation in Topology (1) and (3)
-	Between Ambient IoT device and intermediate or assisting node in Topology (2) and (3), respectively
-	Between Ambient IoT device and UE in Topology (4).
Details relevant to the maximum distance such as sensitivity, BLER, transmit power, etc. are for WG expertise to study further.
The design target of coverage is:
[bookmark: _Hlk145415009]By indoor / outdoor, grouping different Devices into a range that WGs can sub-select within
-	the maximum distance of 10 – 50 m for indoor
-	the maximum distance of 50 – 500 m for outdoor
NOTE:	Different target values within these ranges may apply to different devices A/B/C and deployment scenarios 1-5.
NOTE:	If BS is present, then continuous coverage (from the device perspective) based on a typical ISD between base stations is assumed. This does not imply an assumption of any particular topology.
NOTE:	For Device A & B, the emitter-to-tag distance should be reported as part of the assessment.


 
Evaluations in section 4 of this document suggest that a maximum distance of 50m is challenging for Ambient IoT devices with the device type assumptions in the SID. It is hence proposed that the maximum distance design target for this study is 10m. Longer maximum distances can be considered with more capable devices.
Proposal 1: The maximum distance design target for Ambient IoT in the Rel-19 study is 10m for indoor.


2.2 Latency
TR38.848 contains the following details on connection / device density:
	The one-way end-to-end maximum latency targets, as defined in TR 22.840, are:
-	Longer latency target: 10 seconds
-	Shorter latency target: 1 second
A use case is assigned to a latency target according to TR 22.840. RAN WGs can refine a definition of latency suitable for their work within the above.
NOTE:	The time for charging the Ambient IoT device storage (if present) is not included in the latency defined above. Time for energy harvesting, charging, etc. is regarded as an implementation issue only.
NOTE:	The one-way end-to-end maximum latency is assumed to also include query/triggering time.



The latency target needs to consider the latency from a device being triggered to a device being able to send a DO-DTT message. This latency is subject to a random access procedure that potentially involves many low capability trying to access the medium at the same time with a  challenging link budget. It is hence proposed that the Rel-19 ambient IoT study considers the longer latency target of 10 seconds. Shorter latencies can be considered with more capable devices.
Proposal 2: The latency design target for Ambient IoT in the Rel-19 study is 10 seconds.

2.3 2D distribution of devices
TR38.848 contains the following details on connection / device density:
	According to the consolidated potential KPIs in TR 22.840, the maximum connection density target is:
-	150 devices per 100 m2 for indoor scenarios.
-	20 devices per 100 m2 for outdoor scenarios.
RAN WGs will define the 2D or 3D distribution(s) of devices.



Previous 3GPP studies have considered uniform random distributions of devices. This seems like a reasonable assumption for the Ambient IoT study as well.
Ambient IoT should be able to also handle the case where all of the devices are closely spaced (for example in the goods-in bay of a warehouse). These devices would all be served by the same base station and carrier wave emitter. The Ambient IoT system should be able to handle the case that all of these devices perform random access at the same time (for example during an inventory operation).
Proposal 3: The ambient IoT study considers a uniform 2D distribution of devices.

3 [bookmark: _Ref159244395]Link budget calculation  
This section considers the link budget calculation for passive devices. The link budget calculation for active devices can follow the methodology used in previous releases. The link budget for an active device is expected to be greater than that for a passive device.
According to [1], both topologies 1 and 2 are of interest for deployment. The communication links existed between the interrogator/sender are for indoor only, i.e., scenario 1 for topology 1 and indoor deployment for intermediate node for topology 2. 
Both topologies share the commonness that signal/data links are established in a monostatic manner, i.e., the interrogator and reader are co-located. Upon the reception of the downlink signal initiated from the interrogator, the device may process the interrogator’s command and then scatter back its own modulated signal to the reader. An carrier wave can be sent by the interrogator after the command transmission to the device for their information modulation and signal backscattering [2], provided that the devices’ integrated chip is well powered up. 
On the other hand, the existence of carrier-wave emitter(s), which are excluded from the topologies, renders the system operating a bi-static manner. With the carrier wave sent by the emitter, the devices may scatter back the signal which will be received and processed by the reader. 
To calculate the power of the signal received at the device, the following equation is formed,

where  and  stand for the transmitting signal power and antenna gain of the interrogator;  denotes the path loss induced by the wireless channel [3].  and  denotes the on-object antenna penalty [4,5] and antenna polarization mismatch [6].  denotes the antenna gain of the backscattering devices.  denotes the DL amplification gain of the device. 
Also, the equation can be formed to calculate the power of the received signal at the reader as follows,

where  denotes  the modulation factor [7].  and  denote the power amplification gain of the AIoT device and the reader. 
With the equations shown above, we conduct the link budget calculation and analysis by dividing the round-trip transmission into forward-link only and backscattering-link only case scenarios with necessary assumptions. The aim is to 1) determine the effective transmission range for both links; 2) determine the limiting factors for the topologies, we then come up with our proposals. 
Topologies 1 & 2 with co-located carrier wave (CW) emitter
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Fig 1. Link budget calculations (forward link, 868MHz)
The link budget for the forward link is calculated under the assumption of both 868MHz and 2.45GHz bands with both InH and InF-DL scenarios being considered. For the battery-assisted passive (BAP) AIoT devices, the read sensitivity may range within  dBm [8]. As an example,  dBm read sensitivity is highlighted in the figures by the red dashed line.  
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Fig 2. Link budget calculations (forward link, 2.45GHz)
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Based on both Fig 1 and 2, we summarise that
· In 868MHz band, the efficient forward link range varies depending on the deployment scenarios. 
· Approximately  m range is observed for the cases where the device is attached on the cardboards and the link between the interrogator and devices are NLoS. 
· As the interrogator, both BS and UE have difficulty to support the minimum  m range when the device is attached on the aluminium slab, especially in the NLoS link.  
· In 2.45GHz band, both BS and UE have difficulty to support the minimum  m range regardless of the type of attached objects. 
Fig. 3 illustrates the link budget of the backscattering link in the 868MHz band, considering the topologies 1 and 2. We assume that  dBm holds. 
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When BS operates as the reader ( dBm sensitivity), the supported single-leg range (backscattering link range) in the ideal round-trip scenario is more than  m for all considered case scenarios, which is greater than the range observed in the forward link with practical read sensitivity. However, when UE operates as the reader ( dBm sensitivity), the considered case scenarios cannot be supported and thus the backscattering link becomes the limiting factor. We note that the reason is because the low power of backscattered signal. 
Please note that the results illustrated above are concerned with passive (backscattering) mode only; devices that are equipped with active mode may provide an improved uplink transmission range.
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Fig 3. Link budget calculations (Backscattering link)

This section provides our initial link budget calculations for passive Ambient IoT devices. We intend to update these results in a future meeting when common evaluation assumptions have been agreed.

4 Conclusion 
This document has considered design targets for the Ambient IoT study. The following proposals are made:
Proposal 1: The maximum distance design target for Ambient IoT in the Rel-19 study is 10m for indoor.
Proposal 2: The latency design target for Ambient IoT in the Rel-19 study is 10 seconds.
Proposal 3: The ambient IoT study considers a uniform 2D distribution of devices.

The document also contains a preliminary link budget evaluation for passive Ambient IoT devices.
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