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Introduction
[bookmark: _Hlk58595024]In RAN#102, a new study item on ambient IoT has been approved and the SID has been further updates in RAN#103 in [1]. The general scope of the study is defined as:
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, 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 [2]:
· 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).
E. Traffic types DO-DTT, DT, with focus on rUC1 (indoor inventory) and rUC4 (indoor command). 
· From RAN#104, the study will assess whether the harmonized air interface design (per bullet ‘A’ above) can address the DO-A (Device-originated autonomous) use case, only to identify which part(s) of the harmonized air interface design (per bullet ‘A’ above) is/are not sufficient for the DO-A use case.
Transmission from Ambient IoT device (including backscattering when used) can occur at least in UL spectrum.
From RAN1 perspective, following objectives are included for the study related to evaluations assumptions:
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.

In this contribution, we provide our views on:
· Remaining design target to be determined at WG level
· 6 Scenarios or for link budget evaluations
· Link budget analysis for the 6 scenarios.

Discussion
Design targets
In the RAN plenary level study in Rel-18 [2], following design targets have been discussed:
· Device’s power consumption
· Device’s complexity
· Coverage range
· Use-experienced data rate
· Maximum message size
· Latency
· Positioning accuracy
· Connection/device density
· Device’s mobility

For this Rel-19 SI on ambient IoT device, in terms of use-cases, the focus is on inventory and command use-cases in the indoor scenario, i.e. the device is deployed indoor. For these use-cases, we can consider design target values shown in Table 1 below, which is based on the KPIs agreed for such use-cases in the SA1 study in Rel-18 [3]. Exact range of coverage can be further determined based on the link budget analysis. 



	Design Target
	Value

	Device’s power consumption
	Lower-category: ~1µW of peak power consumption
Higher-category: few hundreds of µW of peak power consumption

	Device’s complexity
	Lower-category: comparable to UHF RFID ISO18000-6C (EPC C1G2)
Higher-category: orders-of-magnitude lower than NB-IoT

	Coverage range
	Initial range of 10-50ms, can be further refined based on link budget study

	User-experience data rate
	At least 2 Kbps

	Maximum message size
	Up to 1000 bits

	Latency
	E2E DL/UL latency of 1-10 seconds

	Positioning accuracy
	[bookmark: _Hlk131521101]1~3 meters @ 90% indoor location

	Connection/device density
	150 devices/100m2

	Device’s mobility
	Up to 3Kmph 




Proposal 1: For the design targets for supporting ambient IoT devices for the indoor use-cases of inventory and command, consider following design target values (also for evaluation purpose):

	Design Target
	Value

	Device’s power consumption
	Lower-category: ~1µW of peak power consumption
Higher-category: few hundreds of µW of peak power consumption

	Device’s complexity
	Lower-category: comparable to UHF RFID ISO18000-6C (EPC C1G2)
Higher-category: orders-of-magnitude lower than NB-IoT

	Coverage range
	Initial range of 10-50ms, can be further refined based on link budget study

	User-experience data rate
	At least 2 Kbps

	Maximum message size
	Up to 1000 bits

	Latency
	E2E DL/UL latency of 1-10 seconds

	Positioning accuracy
	1~3 meters @ 90% indoor location

	Connection/device density
	150 devices/100m2

	Device’s mobility
	Up to 3Kmph 



Furthermore in RAN1#116, there has been discussion on the definition of latency to be refined in the FL summary in [4]. In our view, the proposal discussed in [4] is reasonable and should be agreed to clarify the definition of latency for both the use-cases of inventory and command. 

Proposal 2: For the design targets for supporting ambient IoT devices for the indoor use-cases of inventory and command, definition of the latency is refined as:
· For inventory use case: The time interval between the time that the inventory request is sent from BS/intermediate UE and the time that the inventory report is successfully received at BS/intermediate UE
· For command use case: The time interval between the time that the DL command is sent from BS/intermediate UE and the time that the command is successfully received at A-IoT device. 

Evaluation Scenarios/Assumptions
In RAN1#116, following agreements have been made related to the deployment scenarios and link budget evaluation [5]:




Agreement
For this study item, the coverage evaluation methodology is based on the following steps. 
For an evaluation scenario
· For each of the link i, 
· Step 1: Obtain the required SINR for the physical channels under target scenarios and service/reliability requirements if Budget-Alt2 is used for this link i.
· Step 2: Obtain the receiver sensitivity using the method Budget-Alt1 (if a predefined threshold is assumed to derive the receiver sensitivity) or Budget-Alt2 (if no predefined threshold is assumed to derive the receiver sensitivity).
· Step 3: Obtain the coverage performance for link i based on the receiver sensitivity from step 2 and link budget template.
· The coverage results for each link are provided.
· FFS: what links are evaluated besides R2D and D2R (e.g., RF-EH)
· FFS whether/how to model the interferenceFFS: for which device(s) a predefined threshold is assumed

Note the following alternatives for obtaining receiver sensitivity are defined, 
· Budget-Alt1: receiver sensitivity is derived by a predefined threshold and no LLS is needed for link budget calculation
· The results rely on the received sensitivity and maximum transmit power, and directly calculate the maximum distance / pathloss based on these values and other related parameters. The link-level simulation (LLS) performances, such as required SINR can be satisfied for such case and no LLS is needed for link budget calculation.
· Budget-Alt2: receiver sensitivity is derived by required SINR which is given by LLS results 
· The results rely on link-level simulation results, e.g., required SINR which corresponds to detail LLS assumptions (e.g., BW, coding, data rate). And based on the required SINR, the received sensitivity can be calculated and then the maximum distance / pathloss can be derived.
· Note: For noise power, a noise figure value needs to be provided.


Agreement
MPL and distance is used as performance evaluation metric for link budget calculation.
· Note: the distance is derived from MPL and corresponding pathloss model.
· FFS: Pathloss model


Agreement
The following pathloss model is used in the coverage evaluation. 
· For D1T1, 
· InF-DH defined in TR38.901 is used. 
· Decide which of the following is used for each link,
· NLOS
· LOS
· FFS: InF-SH
· For D2T2, down-select from the following path loss models
· InF-DL defined in TR38.901 where the BS path loss model is reused for intermediate-UE with antenna height of 1.5m
· InH-Office model defined in TR38.901, (a.k.a, InH_B in Report ITU-R M.2412-0) where the BS path loss model is reused for intermediate-UE with antenna height of 1.5m
· Decide which of the following is used for each link,
· NLOS
· LOS


For the deployment scenarios, another aspect to be additionally considered is the generation of carrier wave. For the cases, when the carrier wave is externally generated, i.e. ambient IoT device may not be capable of active UL transmission, then an emitter is typically needed for carrier wave generation. Two possibilities are considered in this case
· Carrier wave is generated by the same node as the reader within the topology (monostatic backscattering case)
· Carrier wave is generated by  the node different than the reader (bistatic backscattering case)

Considering above, we consider, following further subcategories of the deployment scenarios agreed in RAN1#116:
· D1T1-CW1: Indoor reader (BS) <-> Indoor device, and indoor CW node is same as reader
· D1T1-CW2: Indoor reader (BS) <-> Indoor device, and indoor CW node is different than the reader, but inside of topology
· D1T1-CW3: Indoor reader (BS) <-> Indoor device, and indoor CW node is different than the reader, and outside of topology
· D1T2-CW1: Outdoor BS <- -> Indoor  reader (UE) <-> Indoor device, and indoor CW node is same as reader
· D1T2-CW2: Outdoor BS <- -> Indoor  reader (UE) <-> Indoor device, and indoor CW node is different than reader, but inside of topology
· D1T2-CW3: Outdoor BS <- -> Indoor  reader (UE) <-> Indoor device, and indoor CW node is different than reader, and outside of topology
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Figure 1: Illustration of scenarios for ambient IoT 


Proposal 3: For the evaluation purpose, consider following 6 scenarios, based on D1T1 and D2T2 that are already agreed:
· D1T1-CW1: Indoor reader (BS) <-> Indoor device, and indoor CW node is same as reader
· D1T1-CW2: Indoor reader (BS) <-> Indoor device, and indoor CW node is different than the reader, but inside of topology
· D1T1-CW3: Indoor reader (BS) <-> Indoor device, and indoor CW node is different than the reader, and outside of topology
· D1T2-CW1: Outdoor BS <- -> Indoor  reader (UE) <-> Indoor device, and indoor CW node is same as reader
· D1T2-CW2: Outdoor BS <- -> Indoor  reader (UE) <-> Indoor device, and indoor CW node is different than reader, but inside of topology
· D1T2-CW3: Outdoor BS <- -> Indoor  reader (UE) <-> Indoor device, and indoor CW node is different than reader, and outside of topology

Link Budget Analysis
For link budget analysis, to keep the scope limited, we consider following assumptions for the evaluation:
· R2D transmission in DL spectrum in topology 1
· R2D transmission in UL spectrum in topology 2
· D2R transmission in UL spectrum for both topology 1 and topology 2
· CW transmission in UL spectrum for all scenarios
· We consider 23 dBm as CW EIRP for all scenarios
· We consider only Budget-Alt1 (receiver sensitivity based on predefined threshold)
· In terms of device categories, we consider only device type 1, i.e. only backscattering device without amplification because this will be the most stringent condition to achieve desired coverage

Proposal 4: For the link budget coverage analysis, in order to keep the scope limited, following baseline assumptions can be considered:
· R2D transmission in DL spectrum in topology 1
· R2D transmission in UL spectrum in topology 2
· D2R transmission in UL spectrum for both topology 1 and topology 2
· CW transmission in UL spectrum for all scenarios, with 23 dBm as CW Tx power for all scenarios

Typically, for ambient IoT device types that are only capable of backscattering, e.g. UHF RFID, maximum coupling loss (MCL) can be determined for forward link/downlink (reader to tag) and reverse link/uplink (tag to reader), respectively, as:
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Where, 
Activation Threshold device   is the minimum power required to activate the device
Return Loss device  is the backscatter signal loss relative to carrier wave

Based on the MCL for downlink and uplink, the bottleneck link can be determined, and the overall communication range can be determined as MPL. This MPL is then used to determine the coverage distance based on the agreed pathloss models in RAN1#116 for the different deployment scenarios.

For the 6 scenarios identified in section 2.2, we can consider following evaluation assumptions for the link budget analysis, as described in Table 2. The values related to ambient IoT device are based on some of the literature review, which we discussed on our companion contribution [6].

Table 2: Evaluation Assumption for difference scenarios for link budget

	Scenario 
	CW Node Deployment
	Pathloss Model 

(For both R2D & CW2D)
	Reader EIRP
(dBm)
	Reader Antenna Gain
(dBi) 
	Reader Rx Sensitivity
(dBm)
	CW Node EIRP
(dBm) 

(Only UL spectrum)
	Ambient IoT device type 1: Activation Threshold
(dBm) 
	Ambient IoT device type 1: Backscatter Loss
(dBc)
	Ambient IoT device type 1: Receiver Sensitivity
(dBm) 

	D1T1-CW1

	CW within topology & same node as reader 
	InF-DH NLoS (900MHz FDD)
	38
	6
	-112
	23
	-24
	-8
	-45

	D1T1-CW2

	CW within topology, but different than reader 
	InF-DH NLoS (900MHz FDD)
	38
	6
	-112
	23
	-24
	-8
	-45

	D1T1-CW3

	CW outside topology
	InF-DH NLoS (900MHz FDD)
	38
	6
	-112
	23
	-24
	-8
	-45

	D2T2-CW1
	CW within topology & same node as reader 
	InF-DL NLoS (900MHz FDD)
	23
	0
	-97
	23
	-24
	-8
	-45

	D2T2-CW2
	CW within topology, but different than reader
	InF-DL NLoS (900MHz FDD)
	23
	0
	-97
	23
	-24
	-8
	-45

	D2T2-CW3
	CW outside topology
	InF-DL NLoS (900MHz FDD)
	23
	0
	-97
	23
	-24
	-8
	-45




Proposal 5: For link budget evaluations for device type 1, for budget-Alt1, following table can be used as a reference for the assumptions:

	Scenario 
	CW Node Deployment
	Pathloss Model 

(For both R2D & CW2D)
	Reader EIRP
(dBm)
	Reader Antenna Gain
(dBi) 
	Reader Rx Sensitivity
(dBm)
	CW Node EIRP
(dBm) 

(Only UL spectrum)
	Ambient IoT device type 1: Activation Threshold
(dBm) 
	Ambient IoT device type 1: Backscatter Loss
(dBc)
	Ambient IoT device type 1: Receiver Sensitivity
(dBm) 

	D1T1-CW1

	CW within topology & same node as reader 
	InF-DH NLoS (900MHz FDD)
	38
	6
	-112
	23
	-24
	-8
	-45

	D1T1-CW2

	CW within topology, but different than reader 
	InF-DH NLoS (900MHz FDD)
	38
	6
	-112
	23
	-24
	-8
	-45

	D1T1-CW3

	CW outside topology
	InF-DH NLoS (900MHz FDD)
	38
	6
	-112
	23
	-24
	-8
	-45

	D2T2-CW1
	CW within topology & same node as reader 
	InF-DL NLoS (900MHz FDD)
	23
	0
	-97
	23
	-24
	-8
	-45

	D2T2-CW2
	CW within topology, but different than reader
	InF-DL NLoS (900MHz FDD)
	23
	0
	-97
	23
	-24
	-8
	-45

	D2T2-CW3
	CW outside topology
	InF-DL NLoS (900MHz FDD)
	23
	0
	-97
	23
	-24
	-8
	-45




Based on above parameters, the link budget analysis in terms of MPL for the bottleneck link, the coverage range for communication and also the range of CW node are determined in Table 3 (according to pre-defined threshold for receiver sensitivity, i.e. budget-Alt1.



Table 2: Link budget results (based on budget-Alt1)

	Scenario 
	CW Node Deployment
	Bottleneck Link for Communication Range
	MPL (dB)
	Distance between reader & device
(Meters)
	Distance between CW node & device
(Meters) 

	D1T1-CW1

	CW within topology & same node as reader 
	R2D
	47
	~ 6m
	Same as R2D

	D1T1-CW2

	CW within topology, but different than reader 
	D2R
	74
	~ 100m
	~ 6m

	D1T1-CW3

	CW outside topology
	D2R
	74
	~ 100m
	~ 6m

	D2T2-CW1
	CW within topology & same node as reader 
	R2D
	47
	~ 6m
	Same as R2D

	D2T2-CW2
	CW within topology, but different than reader 
	D2R
	65
	~21
	~ 6m

	D2T2-CW3
	CW outside topology
	D2R
	65
	~21
	~ 6m




Based on the above link budget analysis, we can make following observations:

Observation 1: For D1T1-CW1 (CW node same as reader), R2D link is the bottleneck for device type 1

Observation 2: For D1T1-CW2 (CW node same as reader, but inside topology) & D1T2-CW3 (CW node same as reader, but outside topology), D2R link is the bottleneck for device type 1

Observation 3: For D2T1-CW1 (CW node same as reader), R2D link is the bottleneck for device type 1

Observation 4: For D2T2-CW2 (CW node same as reader, but inside topology) & D2T2-CW3 (CW node same as reader, but outside topology), D2R link is the bottleneck for device type 1

Observation 5: For D1T1-CW1 and D2T2-CW1, i.e. when CW node is same as the reader, then the reader needs to be quite closely deployed to the device ( under 10m) for device type 1

Observation 6: For D1T1-CW2 and D1T1-CW3, i.e. when CW node is different than the reader, then the coverage range in the order of 100m is achievable for device type 1

Observation 7: For D2T2-CW2 and D2T2-CW3, i.e. when CW node is different than the reader, then the coverage range between the reader (intermediate UE)  and the device is in the order of ~20m for device type 1

Conclusion
In this contribution, we made the following observations and proposals related to design targets, evaluation scenarios and link budget analysis

Proposal 1: For the design targets for supporting ambient IoT devices for the indoor use-cases of inventory and command, consider following design target values (also for evaluation purpose):

	Design Target
	Value

	Device’s power consumption
	Lower-category: ~1µW of peak power consumption
Higher-category: few hundreds of µW of peak power consumption

	Device’s complexity
	Lower-category: comparable to UHF RFID ISO18000-6C (EPC C1G2)
Higher-category: orders-of-magnitude lower than NB-IoT

	Coverage range
	Initial range of 10-50ms, can be further refined based on link budget study

	User-experience data rate
	At least 2 Kbps

	Maximum message size
	Up to 1000 bits

	Latency
	E2E DL/UL latency of 1-10 seconds

	Positioning accuracy
	1~3 meters @ 90% indoor location

	Connection/device density
	150 devices/100m2

	Device’s mobility
	Up to 3Kmph 



Proposal 2: For the design targets for supporting ambient IoT devices for the indoor use-cases of inventory and command, definition of the latency is refined as:
· For inventory use case: The time interval between the time that the inventory request is sent from BS/intermediate UE and the time that the inventory report is successfully received at BS/intermediate UE
· For command use case: The time interval between the time that the DL command is sent from BS/intermediate UE and the time that the command is successfully received at A-IoT device. 

Proposal 3: For the evaluation purpose, consider following 6 scenarios, based on D1T1 and D2T2 that are already agreed:
· D1T1-CW1: Indoor reader (BS) <-> Indoor device, and indoor CW node is same as reader
· D1T1-CW2: Indoor reader (BS) <-> Indoor device, and indoor CW node is different than the reader, but inside of topology
· D1T1-CW3: Indoor reader (BS) <-> Indoor device, and indoor CW node is different than the reader, and outside of topology
· D1T2-CW1: Outdoor BS <- -> Indoor  reader (UE) <-> Indoor device, and indoor CW node is same as reader
· D1T2-CW2: Outdoor BS <- -> Indoor  reader (UE) <-> Indoor device, and indoor CW node is different than reader, but inside of topology
· D1T2-CW3: Outdoor BS <- -> Indoor  reader (UE) <-> Indoor device, and indoor CW node is different than reader, and outside of topology

Proposal 4: For the link budget coverage analysis, in order to keep the scope limited, following baseline assumptions can be considered:
· R2D transmission in DL spectrum in topology 1
· R2D transmission in UL spectrum in topology 2
· D2R transmission in UL spectrum for both topology 1 and topology 2
· CW transmission in UL spectrum for all scenarios, with 23 dBm as CW Tx power for all scenarios

Proposal 5: For link budget evaluations for device type 1, for budget-Alt1, following table can be used as a reference for the assumptions:

	Scenario 
	CW Node Deployment
	Pathloss Model 

(For both R2D & CW2D)
	Reader EIRP
(dBm)
	Reader Antenna Gain
(dBi) 
	Reader Rx Sensitivity
(dBm)
	CW Node EIRP
(dBm) 

(Only UL spectrum)
	Ambient IoT device type 1: Activation Threshold
(dBm) 
	Ambient IoT device type 1: Backscatter Loss
(dBc)
	Ambient IoT device type 1: Receiver Sensitivity
(dBm) 

	D1T1-CW1

	CW within topology & same node as reader 
	InF-DH NLoS (900MHz FDD)
	38
	6
	-112
	23
	-24
	-8
	-45

	D1T1-CW2

	CW within topology, but different than reader 
	InF-DH NLoS (900MHz FDD)
	38
	6
	-112
	23
	-24
	-8
	-45

	D1T1-CW3

	CW outside topology
	InF-DH NLoS (900MHz FDD)
	38
	6
	-112
	23
	-24
	-8
	-45

	D2T2-CW1
	CW within topology & same node as reader 
	InF-DL NLoS (900MHz FDD)
	23
	0
	-97
	23
	-24
	-8
	-45

	D2T2-CW2
	CW within topology, but different than reader
	InF-DL NLoS (900MHz FDD)
	23
	0
	-97
	23
	-24
	-8
	-45

	D2T2-CW3
	CW outside topology
	InF-DL NLoS (900MHz FDD)
	23
	0
	-97
	23
	-24
	-8
	-45




Observation 1: For D1T1-CW1 (CW node same as reader), R2D link is the bottleneck for device type 1

Observation 2: For D1T1-CW2 (CW node same as reader, but inside topology) & D1T2-CW3 (CW node same as reader, but outside topology), D2R link is the bottleneck for device type 1

Observation 3: For D2T1-CW1 (CW node same as reader), R2D link is the bottleneck for device type 1

Observation 4: For D2T2-CW2 (CW node same as reader, but inside topology) & D2T2-CW3 (CW node same as reader, but outside topology), D2R link is the bottleneck for device type 1

Observation 5: For D1T1-CW1 and D2T2-CW1, i.e. when CW node is same as the reader, then the reader needs to be quite closely deployed to the device ( under 10m) for device type 1

Observation 6: For D1T1-CW2 and D1T1-CW3, i.e. when CW node is different than the reader, then the coverage range in the order of 100m is achievable for device type 1

Observation 7: For D2T2-CW2 and D2T2-CW3, i.e. when CW node is different than the reader, then the coverage range between the reader (intermediate UE)  and the device is in the order of ~20m for device type 1
References
[1] [bookmark: _Ref61153333]RP-240826, “Revised SID: Study on solutions for Ambient IoT (Internet of Things) in NR”
[2] 3GPP TR 38.848 v18.0.0, “Study on Ambient IoT (Internet of Things) in RAN (Release 18)”
[3] 3GPP TR 22.840 v19.0.0, “Study on Ambient power-enabled Internet of Things (Release 19)” 
[4] R1-2401874, “FL summary (final) for Ambient IoT evaluation”, Moderator (CMCC)
[5] 3GPP RAN1#116, “Chairman Notes”
[6] R1-2402882, “Views on device architecture for AIoT”, Apple
image3.emf



Indoor CW Node
(Outside topology)



Indoor Device



R2D only



Backscatter D2R



Indoor Reader
(BS)



Carrier Wave only



D1T1-CW3
Indoor Reader(BS) <-> Indoor Device



Indoor CW is different node & outside topology 
 










Indoor CW Node

(Outside topology)

Indoor Device

R2D only

Backscatter D2R

Indoor Reader

(BS)

Carrier Wave only

D1T1-CW3

Indoor Reader(BS) <-> Indoor Device

Indoor CW is different node & outside topology 

 


image4.emf



Outdoor BS
Indoor Reader



(UE) Indoor Device



Carrier Wave and R2D



Backscatter D2R



D2T2-CW1
Outdoor BS <- - >Indoor Reader (UE) <-> Indoor Device



CW is same as reader










Outdoor BS

Indoor Reader

(UE)  Indoor Device

Carrier Wave and R2D

Backscatter D2R

D2T2-CW1

Outdoor BS <- - >Indoor Reader (UE) <-> Indoor Device

CW is same as reader


image5.emf



Outdoor BS Indoor Reader
(UE)



Indoor DeviceR2D only 



Backscatter D2R



Indoor CW Node
(Inside topology)



Carrier Wave only 



D2T2-CW2
Outdoor BS <- - > Indoor Reader (UE) <-> Indoor Device



Indoor CW is different node, but within topology
 










Outdoor BS

Indoor Reader

(UE)

Indoor Device

R2D only 

Backscatter D2R

Indoor CW Node

(Inside topology)

Carrier Wave only 

D2T2-CW2

Outdoor BS <- - > Indoor Reader (UE) <-> Indoor Device

Indoor CW is different node, but within topology

 


image6.emf



Outdoor BS Indoor Reader
(UE)



Indoor DeviceR2D only 



Backscatter D2R



Indoor CW Node
(Outside topology)



Carrier Wave only 



D2T2-CW3
Outdoor BS <- - > Indoor Reader (UE) <-> Indoor Device



Indoor CW is different node & outside topology
 










Outdoor BS

Indoor Reader

(UE)

Indoor Device

R2D only 

Backscatter D2R

Indoor CW Node

(Outside topology)

Carrier Wave only 

D2T2-CW3

Outdoor BS <- - > Indoor Reader (UE) <-> Indoor Device

Indoor CW is different node & outside topology

 


image7.png
MCLy; (dB) = EIRPgg (dBm) — Activation Threshold,, ., (dBm)
MCLy; (dB) = Activation Threshold,,,;., (dBm) + Return Loss,,,;., (dBc) + Rx Antenna Gaingg (dBi) — Rx Sensitivitygs (dBm)




image1.emf



Indoor Reader
(BS) Indoor Device



Carrier Wave and R2D  



Backscatter D2R 



D1T1-CW1
Indoor Reader(BS) <-> Indoor Device



CW is same as reader
 










Indoor Reader

(BS)

Indoor Device

Carrier Wave and R2D  

Backscatter D2R 

D1T1-CW1

Indoor Reader(BS) <-> Indoor Device

CW is same as reader

 


image2.emf



Indoor CW Node
(Inside topology)



Indoor Device



R2D only



Backscatter D2R



Indoor Reader
(BS)



Carrier Wave only



D1T1-CW2
Indoor Reader(BS) <-> Indoor Device



Indoor CW is different node, but within topology 
 










Indoor CW Node

(Inside topology)

Indoor Device

R2D only

Backscatter D2R

Indoor Reader

(BS)

Carrier Wave only

D1T1-CW2

Indoor Reader(BS) <-> Indoor Device

Indoor CW is different node, but within topology 

 


