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Background
A new SI for ambient IoT is started[26]. This document summarizes the contributions [1 - 25] for AI 9.4.1.1 in RAN1#116. The issues/proposals in this document are marked with [open]/[closed], or [high]/[medium]/[low] priority (for the current meeting) 
Online proposals
Tuesday
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

Thursday
Conclusion
Companies are encouraged to consider Table 3.4.2 in R1-2401735 for their contributions to RAN1#116bis regarding link budget template.

Discussions
General 
Terminologies
Note: the following is used in this document,

Device Type 1 / Device 1: Refer to the definition in SID. 
· ~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 type 2 / Device 2: Refer to the definition in SID. 
· ≤ 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.

Ambient IoT device: simply as ‘D’ 

Ambient IoT reader: simply as ‘R’, 
· ‘R’ is base station for topology 1. 
· ‘R’ is intermediate node for topology 2. 

R2D (Forward link): 
· It is for R-to-D communication. For topology 1, it denotes the downlink communication, i.e., BS-to-AIoT device. For topology 2, it denotes the intermediate node to AIoT device communication.

D2R (Reverse link): 
· It is for D-to-R communication. For topology 1, it denotes the uplink communication, i.e., AIoT device -to-BS. For topology 2, it denotes the AIoT device to intermediate node communication.

CW: carrier wave

CW2D:
· CW node to Ambient IoT device link. 

RF-EH: RF energy harvesting

General Evaluation Methodology

[Ericsson][CMCC][MediaTek][Xiaomi] and many other companies mentioned two kinds of methods used for calculating the coverage, 

· Budget-Alt1: A minimum received signal power is derived by a predefined threshold and no LLS is needed for link budget calculation
· The results rely on the minimum received signal power 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.
· For example, for device 1 with RF energy harvesting, the downlink activation is restricted by a threshold.

· Budget-Alt2: A minimum received signal power is derived by required SINR which is given by LLS results 
· Use template in TR 38.875 or TR 38.830 as start point and modifies accordingly. 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 minimum received signal power can be calculated and then the maximum distance / pathloss can be derived.
· Note: For noise power, a noise figure value needs to be provided.
· 
An example can be 
· For R2D for device type 1 and device type 2 with backscatter, Budget-Alt1 is used,
· For other cases, Budget-Alt2 is used,

[Xiaomi] consider the coverage is derived by the minimum distance based the min(Budget-Alt1, Budget-Alt2).

[CMCC][vivo] think the RF energy harvesting coverage also need to take into consideration.

[OPPO][Xiaomi][Samsung] proposed the steps for the general evaluation methodologies. (see section 3.5)

It is also naturally the coverage is eventually restricted by both R2D and D2R link.

[High][P1-1-v1] 
	Proposals:

For this study item, the coverage evaluation methodology is based on the following steps. 

For an evaluation scenario defined in [section XXX]
· 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 minimum received signal power using the method Budget-Alt1 or Budget-Alt2.
· Step 3: Obtain the coverage performance for link i based on the the minimum received signal power from step 2 and link budget template.
· The coverage results for each link and minimum values among all the links are provided.
· FFS: what links are evaluated (e.g., R2D, D2R, RF-EH)
· FFS: up to companies to report which Budget-Alt1/ Budget-Alt2 is used for link i or agree on an assumption in RAN1.

Simulation assumptions for step 1 are provided in [section XXX]. Link budget template for step 3 is provided in  [section XXX].

Note the following alternatives for obtaining minimum received signal power are defined, 

· Budget-Alt1: A minimum received signal power is derived by a predefined threshold and no LLS is needed for link budget calculation
· The results rely on the minimum received signal power 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.
· For example, for device 1 with RF energy harvesting, the downlink activation is restricted by a threshold.

· Budget-Alt2: A minimum received signal power 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 minimum received signal power can be calculated and then the maximum distance / pathloss can be derived.
· Note: For noise power, a noise figure value needs to be provided.



	




	Company
	Comments

	China Telecom
	We generally support FL proposal about budget-Alt1 and budget-Alt2. However, it may be hard to align and have the solid coverage evaluation results if it is up to companies to report which Budget-Alt1/ Budget-Alt2 is used. The further down-selection is needed. 

	Futurewei
	Share the same view as China Telecom.

	Ericsson
	Fine in general. 

However, we think RAN1 should strive to adopt a single unified approach. Adopting two different methodologies may effectively double the work as well as may lead to messy conclusions (e.g., coverage target can be achieved with one methodology but not the other). Out of Budget-Alt1 and Budget-Alt2, our preference is Alt2 as it captures nuances of the physical layer design as well as captures performance impacts caused by interference. 


	vivo
	Generally fine.
For Budget-Alt1, we would like to clarify that, whether the Budget-Alt-1 is only applicable to downlink coverage evaluation which is restricted by an activation threshold rather than demodulation performance. Whether there is any other examples where Alt-1 is applicable, since there is ‘for example’ in last sub-bullet of Alt-1. 

	Lenovo 
	Support Budget-Alt-2 as baseline based on the agreements on physical channels from the PHY designs, such as bandwidth, receiver algorithms, target BLER, code rate etc. For coverage estimation different other losses such as polarization mismatch, on-object penalty, modulation factor etc., need to be considered.  

	Apple
	In principle, fine with the proposal. Regarding the two alternatives for the budget, we would prefer to downselect to one alternative. Either alternative is fine for us.

	OPPO
	We are not sure whether Budget-Alt1 is applicable to all device types or only to the device 1 with RF energy harvesting. But we tend to agree with China Telecom and Futurewei, maybe we can use max (Budget-Alt1(if applicable), Budget-Alt2) for alignment.

	Nokia, NSB
	OK in general, but prefer to ultimately downselect between the two alternatives

	Huawei, HiSilicon
	We are in general fine with this approach. Further, we also have the following comments:

1. In the following bullet, “minimum values among all the links are provided” seems may not be necessary for certain cases, e.g. some bi-static or multi-static cases. So maybe at this stage, report each link is enough. In any case, if you get each link, whether/how to perform minimum values among which links for which deployment scenarios would be easily derived accordingly.

‘The coverage results for each link and minimum values among all the links are provided.”

2. For the following FFS, R2D and D2R should be no controversial, we suggest can further agree at least R2D and D2R needs to do link budget, with FFS others.

“FFS: what links are evaluated besides R2D and D2R (e.g., R2D, D2R, RF-EH)”

	MediaTek
	We are generally OK for the direction of the FL proposal. 
To our understanding, it is two different manners for the determination of sensitivity at the receiver, which actually further limits the minimum received power for Rx processing with a target KPI. To that sense, it would be reasonable to discuss Budget-Alt1 and Budget-Alt2 for R2D and D2R links. While for RF-EH/CW link, we think the minimum received power is directly limited by the feature of the EH circuity (e.g., the minimum boosting power of rectifier), which somehow not related to the targeted SINR. In that sense, a direct threshold (i.e., Budge-Alt1) would be reasonable for RF-EH/CW link.

	Spreadtrum
	We are OK with the proposal. We also think down-selection is needed.

	Samsung
	We believe that having two evaluation methodologies makes it difficult to ensure consistency in results. Therefore, we think it is important to agree on a single methodology.

The difference between the two alternatives, we believe, lies in whether the minimum received signal power, i.e., receiver sensitivity, is determined based on the required SNR, or set according to a predefined threshold. Therefore, rather than dividing this into two alternatives, it may be more intuitive to distinguish between these approaches in the receiver sensitivity row of the link-budget template.
..
	(X) Noise Power (dB)
	

	(Y) Required SNR (dB)
	

	(Z) Receiver Sensitivity (dBm)
(Z)=(X)+(Y) for D2R
otherwise, (Z)= a predefined threshold
	


…


	CATT
	We are fine with the proposal in principle As for the two alternatives, while down-selection to one alternative is simpler, we share the similar view with some other companies that Budget-Alt1 may not be suitable for all scenarios. We may consider Budget-Alt1 as the baseline, and the Budget-Alt2 is used if Budget-Alt1 is not suitable.



The proposals after Tuesday offline discussion
[High][P1-1-v2v3] 
	Proposals:

For this study item, the coverage evaluation methodology is based on the following steps. 

For an evaluation scenario defined in [section XXX]
· 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 minimum received signal powersensitivity using the method Budget-Alt1 or Budget-Alt2.
· Step 3: Obtain the coverage performance for link i based on the the  minimum received signal power sensitivity from step 2 and link budget template.
· The coverage results for each link and minimum values among all the links are provided.
· 
· FFS:  what links are evaluated besides R2D and D2R (e.g., RF-EH)what links are evaluated (e.g., R2D, D2R, RF-EH)

· FFS: up to companies to report which Budget-Alt1/ Budget-Alt2 is used for link i or 
· Option 1: agree Agree on an assumption in RAN1 which Budget-Alt1 / Budget-Alt2 is used for each link, each device type.
· Budget-Alt1 for R2D at least for device 1
· Budget-Alt2 for D2R
· FFS for other cases
· Option 2: Compare Budget-Alt1 and Budget-Alt2 and using the poorer sensitivity as the receiver sensitivity
· FFS how to model the interference

Simulation assumptions for step 1 are provided in [section XXX]. Link budget template for step 3 is provided in  [section XXX].

Note the following alternatives for obtaining minimum received signal power are defined, 

· Budget-Alt1: received sensitivityA minimum received signal power is derived by a predefined threshold and no LLS is needed for link budget calculation
· The results rely on the received sensitivityminimum received signal power 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.
· For example, for device 1 with RF energy harvesting, the downlink activation is restricted by a threshold.

· Budget-Alt2: received sensitivityA minimum received signal power 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 minimum received signal power can be calculated and then the maximum distance / pathloss can be derived.
· Note: For noise power, a noise figure value needs to be provided.






After online discussion, the following is agreed,

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.

Remaining Design targets 
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
Remaining design targets – Clause 5.3/5.6/5.8 in TR38.848
Clause 5.3: Applicable maximum distance target values(s)
· Most companies thinks maximum distance target is set separately for “~1 µw” and “≤ a few 100 µw” power consumption devices respectively.
· Apple and Ericsson think RAN1 can refine the target based on band assumptions, relevant channel model(s), ISD(s), etc., as needed.

Followings are detailed proposals from contributions
	[Apple]
	Initial range of 10-50ms, can be further refined based on link budget study

	[Ericsson]

	[bookmark: _Toc159249235]Regarding the coverage targets, the following aspects should be considered:
· [bookmark: _Toc159249236]Different coverage targets can be considered for different A-IoT device types (A+/B/C) within interval distance of 10 – 50 m. The specific targets can be defined after RAN1 has carried out the link-budget exercises.
· [bookmark: _Toc159249237]For the passive devices (A+/B), RAN 1 should agree on assumptions regarding the distances between the CWT and A-IoT devices since this directly impacts coverage assessments for the uplink.
· [bookmark: _Toc159249238]RAN1 can refine the target based on band assumptions, relevant channel model(s), ISD(s), etc., as needed.

	[Huawei]

	Proposal 1: The maximum distance target is set separately for “~1 µw” and “≤ a few 100 µw” power consumption devices respectively.
Proposal 2: Detailed value within 10-50m target for each power consumption device type is decided by link budget evaluations.

	[InterDigital]

	Proposal 2: Support multiple distance target value(s) based on scenario and IoT device type. 

	[LGE]

	Proposal 1: On coverage of Ambient IoT devices, 
· device ii supports maximum distance up to 50 m
· device i supports maximum distance up to X m (FFS X, 10 m  X < 50m)
· Note: devices i and ii are as described in General Scope of the SID

	[OPPO]

	[bookmark: _Toc159252890]Proposal 2: Distance target for Device i is [10m, 20m], for Device ii with backscattering is [20 m, 50m), for type ii with active transmission is 50m.

	[Sony]

	Proposal 1: The maximum distance design target for Ambient IoT in the Rel-19 study is 10m for indoor.

	
	



[Medium][P2-1-v1] 
	Conclusion:
· maximum distance target is set separately for “~1 µw” and “≤ a few 100 µw” power consumption devices respectively
· RAN1 can refine the target after further evaluations.




	Company
	Comments

	Wiliot
	We support LGE’s view and further suggest X to be 10m, as agreeing on the targets can make the subsequent work more efficient.
Proposal 1: On coverage of Ambient IoT devices, 
· device ii supports maximum distance up to 50 m
· device i supports maximum distance up to 10 m 
Note: devices i and ii are as described in General Scope of the SID

	vivo
	support

	Lenovo 
	Support separate maximum distance target for each of the device type. RAN1 can discuss candidate distance target value for each device type and check whether such value can be meet or refined after further evaluations.  

	Nokia, NSB
	OK

	Huawei, HiSilicon
	While we support the maximum distance target to be defined separately for “~1 µw” and “≤ a few 100 µw” device, the 2nd bullet is unclear, would be nice to mention “according to Budget-Alt 1 or Budget-Alt2” if that is the intention.

	Samsung
	Generally okay.

	
	




Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
The following aspects have been mentioned from contributions,
· Definition of the latency should not E2E, but it should be in RAN style. 
· The time for charging the Ambient IoT device storage is included in the latency definition? [LGE][CATT] wants to include that.
· Definition of latency for different cases, e.g., inventory/command [Ericsson][CMCC][Qualcomm], DO-DTT/DT[China Telecom][OPPO]
· [Ericsson][Qualcomm] want to add a constraint of successful rate for the definition of latency.
· Clarify the latency target is for one Ambient -IoT device or multiple devices.
· [CMCC], [Ericsson], [Qualcomm] mentioned a definition of the latency for inventory for multiple devices, 
· [Ericsson] wants to discuss whether it is motivated to also introduce a latency target for the total time required for successful inventory of multiple devices in the cell [e.g., with 99% probability]

Followings are detailed proposals from contributions
	[Apple]
	· E2E DL/UL latency of 1-10 seconds 

	[CATT] 
	· The time for charging the Ambient IoT device storage is included in the latency definition?
· Current TR38.848 says ‘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.’
· The charge or activation time should be specially considered for device type-1 

	[China Telecom]
	[bookmark: PP6]Proposal 5: Define different latency composition methods for different traffic types
· For DT traffic, the latency is composed of triggering transmission time and processing time 
· For DO-DTT traffic, the latency is composed of triggering transmission time , processing time  and data transmission time .

	[CMCC]
	For inventory use case, 
· The latency is the time interval between the time that trigger/request from the Ambient IoT reader and the time the Ambient IoT reader successful complete inventory procedures.
· Assuming there is only 1 Ambient IoT device being inventoried.
For Command use case,
· The latency is the time interval between the time that the data is arrived at the Ambient IoT reader and the time that the data is successfully received by the Ambient IoT devices.
FFS: Sensor use case and positioning

Table 2.3-3 Performance metrics
	Performance metrics
	Notes

	Inventory completion time [s]

	· The inventory completion time is the time interval between the time trigger/request from the Ambient IoT reader and the time Ambient IoT reader complete inventory procedures, i.e., stop querying.
· Complete inventory procedures means that the Ambient IoT reader is no longer querying the Ambient IoT devices. 
· Note: some of the devices may not be queried due to, e.g., collision, or poor reception performance, etc.

	Inventory successful rate [%]

	· The percentage of the all the Ambient IoT devices being successfully inventoried.





	[Ericsson]
	1. [bookmark: _Toc159249239]Considering that the inventory request time should also be assumed in assessing the latency, the latency definition can be refined as follow:
· [bookmark: _Toc159249240]For rUC1, indoor inventory: 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 [e.g., with 99% probability].
· [bookmark: _Toc159249241]For rUC2, indoor command: The time interval between the time that the DL command is sent from BS/intermediate UE and the time that the data is successfully received at A-IoT device [e.g., with 99% probability].
1. [bookmark: _Toc159249242]Discuss whether it is motivated to also introduce a latency target for the total time required for successful inventory of multiple devices in the cell [e.g., with 99% probability].

	[Huawei]

	Proposal 3: Refine the definition of latency as “Time from the beginning of the query/triggering message transmission from BS or intermediate node to device, to the end of the reported message transmission from device to BS or intermediate node”.

	[InterDigital]

	Proposal 3: Latency for passive or semi-passive IoT devices should be defined as the time from the querying of IoT device by BS or intermediate node (e.g., UE) via CW signal to the time of backscattered message reception by BS or intermediate node (e.g., UE) from IoT device.

	[Lenovo]

	Proposal 4: Consider long latency target of 10 seconds considering latency of inventory and actuator command use case requirement is provided as several seconds. 

	[LGE]
	Proposal 3: For latency evaluation in RAN WG, study the case where charging time may need to be included in the latency definition.

	[OPPO]
	[bookmark: _Toc159252891]Proposal 3: The latency of DO-DTT traffic is defined as the time from the triggering message arriving at the [MAC] layer of the reader to the moment when the response from the A-IoT device received by the reader. The latency of DT traffic is defined as the time from the data arriving at the [MAC] layer of the reader to the moment when the data is received by the A-IoT device.

	[Qualcomm]
	Proposal 4: Define following latency for the study of unicast communication and inventory procedure.
· Unicast Latency: the time duration of Y-X, where X is the time a reader starts sending/triggering signal to a known A-IoT device for reading the A-IoT device’s information, and Y is the time that the reader successfully read the information from the device.
· Inventory Latency: the time required for a reader to successfully read [Z]% of A-IoT devices for a given number of reachable A-IoT devices by the reader (by unicast communication). FFS Z=95%

	[Sony]
	Proposal 2: The latency design target for Ambient IoT in the Rel-19 study is 10 seconds.

	
	




Hence, the following is proposed,
[High][P2-2-v1] 
	Proposal:
· Definition of the latency is refined as follows,
· 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 [e.g., with 99% probability].
· 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 data is successfully received at A-IoT device [e.g., with 99% probability].

· The following performance metric is considered for evaluation purpose only,
· Inventory completion time for multiple devices [s] 
· For inventory use case, the ‘Inventory completion time for multiple devices’ is defined as the time a reader successfully read [Z]% of A-IoT devices for a given number of reachable A-IoT devices by the reader
· FFS: Z



	Company
	Comments

	China Telecom
	We prefer to add a note to clarify the latency definition. Note: The definition of latency includes the processing/handling time of A-IoT devices for inventory and command use cases.

	Futurewei
	Support the proposal. 

	Ericsson
	1) Regarding “Definition of the latency”, we are fine with the proposal. However, we think that the “[e.g., with 99% probability]” could be removed and replaced with an FFS. Additionally we also think that the components (e.g., processing time at BS and/or A-IoT device) to be included in the calculation of latency can be FFS. The proposed changes are included in the following update for convenience:

· Definition of the latency is refined as follows,
· 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 [e.g., with 99% probability].
· 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 data is successfully received at A-IoT device [e.g., with 99% probability].
· FFS the definition of successful reception.
· FFS the components (e.g., processing time at BS and/or A-IoT device) to be included in the calculation of latency.


2) Regarding “Inventory completion time for multiple devices”, we think this proposal should be discussed separately. This is neither related to the latency target in the TR 38.848 nor to the latency definition above. In fact, we think this is a new design target. Therefore, RAN1 needs to first discuss the need for this new target before agreeing on the “performance metric” to be “considered for evaluation purpose only”. 



	Lenovo
	Support the latency definition for the inventory use case and the command use case. 
For the inventory completion time – our suggestion is to modify the proposal to include the selecting the subpopulaton of AIoT devices before inventorying. 

For inventory use case, the ‘Inventory completion time for multiple devices’ is defined as the time a reader successfully read [Z]% of A-IoT devices from the subpopulation of selected [X] A-IoT devices from the total number of A-IoT devices and for a given number of reachable A-IoT devices from [X] by the reader
Or 
For inventory use case, the ‘Inventory completion time for multiple devices’ is defined as the time a reader successfully read [Z]% of selected A-IoT devices for inventory round for a given number of reachable A-IoT devices by the reader



	Apple
	Support

	OPPO
	Fine in general. But we are wondering how to understand “with 99% probability”, as this is a definition not a metric for evaluation.

	Nokia, NSB
	OK

	Huawei, HiSilicon
	For the definitions of latency, the SA1 TR in Note 3 under section 5.1.6 states that the end-to-end latency refers to the time taken by the device to “transmit a message”. Hence we had proposed to define the end time until the device transmits the message. However, since the only addition is the time of flight over 10-30m between the device and the BS/intermediate UE, we are also fine to define the end time as when it is received at the BS/intermediate UE.

We worry that the definition for multiple devices will lead to difficult system level simulations. In fact, we think that SA1’s understanding was a per-device latency target, and RAN1 should not expand on that.

	Spreadtrum
	Support.

	Samsung
	In inventory use cases, the inventory request is sent from the reader, and there the inventory report can be sent from the tag. However, in command use cases, the command is transmitted from the reader, and the tag may or may not send a report for it. Therefore, we need to first discuss which type of traffic, DT or DO-DTT, can occur in command use cases. Otherwise, it seems appropriate to define the latency for the different types of traffic. Additionally, we prefer defining latency for a given number of tags, rather than defining inventory completion time.
Plus, the meanings of “successfully received” and “with 99% probability” are confusing. Does "99% Latency" refer to the maximum delay experienced by 99% of tags? And does "successfully received" assume that the data has been accurately received, for example, confirmed by a successful CRC check?


	NTT DOCOMO
	We prefer updates by Ericsson.

	CATT
	We have the similar concern as some other companies on the “with 99% probability”. In our view, the definition of latency for the evaluation is more related to the physical layer design. However, the percentage of the successful reception depends more on the RF environment. 



[High][P2-2a-v21] 
	Proposal:
· Definition of the latency is refined as follows,
· 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 data command is successfully received at A-IoT device. 
· 
· FFS the definition of successful reception, e.g., with [99%] probability.
· FFS the components (e.g., processing time at BS and/or A-IoT device) to be included in the calculation of latency.
· Note: the latency definition is for a A-IoT device.




[High][P2-2b-v1] 
	Proposal:
· The following performance metric is considered for evaluation purpose only,
· Inventory completion time for multiple devices [s] 
· For inventory use case, the ‘Inventory completion time for multiple devices’ is defined as the time a reader successfully read [Z]% of [selected] A-IoT devices [for inventory round] for a given number of reachable A-IoT devices by the reader
· FFS: Z
· FFS whether a new design target is needed for this metric




	Company
	Comments

	
	

	
	

	
	



Clause 5.8: 2D distribution of devices
See section 3.3.2

Security requirements

[T-Mobile]
Request SA security requirements and sending LS 
KPI’s on page 5 in R1-2400783 and add to TR 38.769 section 4.1 

[Medium][P2-3-v1] 
Considering RAN1 does not address security issue so far, FL suggests further discuss whether a LS is needed for RAN1 to send to SA requesting SA security requirements

	Company
	Comments

	Wiliot
	RAN1 should decide about a low power incognito mode for A-IoT devices as part of security concerns made by R1-2400783

	Nokia, NSB
	We assume that in the proposal “SA” should be replaced by “SA3”. 
In our view, no need for RAN1 to deal with security and no need to send this LS.

	Huawei, HiSilicon
	This does not seem like RAN1 business, as no security scope in the SID. It could be brought up in RAN2 or RAN.

	Philips
	RAN1 may need to indicate the computing capability, resource constrain assumption to SA particularly for the device type 1.

	Samsung
	Since security is not within the RAN1 scope, we do not agree to send an LS to SA.

	
	



Others
Clause 5.2	Device complexity
Lower-category: comparable to UHF RFID ISO18000-6C (EPC C1G2)
Higher-category: orders-of-magnitude lower than NB-IoT

Clause 5.4	User experienced data rate
[Apple] At least 2 Kbps 

[bookmark: PP5][China Telecom] Proposal 4: Define different data rate requirements for different capabilities of devices
1. The date rate is 0.1kbps~x1 kbps for devices with 1µW power consumption, and x2 kbps~5kbps for devices with a few hundred µW power consumption
2. The value of x1 and x2 can be further discussed

Clause 5.9	Moving speed of device
Up to 3Kmph [Apple]


	Company
	Comments

	Lenovo 
	Support 3-10 Kmph. 

	
	

	
	




[bookmark: _Hlk160081011]Deployment scenarios for coverage and coexistence evaluation 
Scenarios definition
The following scenarios are defined for evaluation purpose for coverage and coexistence. For coverage, further assumptions for each scenario are provided in the link budget assumptions or LLS assumptions.

Followings are detailed proposals from contributions for Deployment scenario 1 with topology 1

	D1T1-A: indoor BS + indoor AIoT device, CW inside topology (i.e., monostatic backscattering), [Apple][FutureWei][Lenovo][MTK][Sony]
· CW and D2R in UL spectrum [Lenovo] [vivo]


	D1T1-B: indoor BS + indoor AIoT device, CW outside topology (i.e., bistatic backscattering), [Apple][CMCC][FutureWei][Ericsson][Huawei] [Lenovo] [MTK][Spectrum]
· CW in UL spectrum, D2R in UL spectrum [CMCC] [FutureWei] [Lenovo] [Spectrum] [vivo] [ZTE][OPPO]
· R2D in DL spectrum [CMCC][ZTE] / UL spectrum [CATT]
· RF energy harvesting wave is from multiple nodes in DL spectrum (only for device 1) [CMCC]
· CW emitter type: UE [Apple][Nokia], other BS [CMCC]


	D1T1-C: indoor BS + indoor AIoT device with active UL transmission [Qualcomm]


	D1T1-D: same as D1T1-B except
· CW and D2R in DL spectrum [CMCC] [Lenovo][ZTE]



	D1T1-E: same as D1T1-B except
· CW in DL spectrum [CMCC] [Lenovo]
· AIoT device with FDD frequency shifter, hence D2R in UL spectrum [CMCC] [Lenovo]


	



Followings are detailed proposals from contributions for Deployment scenario 2 with topology 2

	D2T2-A: outdoor BS + Indoor Intermediate UE + Indoor AIoT device, CW inside topology (i.e., monostatic backscattering) [Apple][CMCC][FutureWei][Huawei] [MTK] [Sony]
· R2D in UL spectrum [CMCC]
· CW and D2R in UL spectrum [CMCC]
· [Where is RF energy harvesting wave from?]


	D2T2-B: outdoor BS + Indoor Intermediate UE + Indoor AIoT device, CW outside topology (i.e., bistatic backscattering) [Apple][CMCC][Lenovo] [MTK][Nokia]
· R2D in UL spectrum [CMCC]
· CW and D2R in DL spectrum [CMCC][Lenovo] / UL spectrum [Lenovo][Apple]
· [Where is RF energy harvesting wave from?]
· CW emitter type: another UE [Apple] / other BS [CMCC]


	D2T2-C: outdoor BS + Indoor Intermediate UE + Indoor AIoT device with active UL transmission



	D2T2-D: same as D2T2-A except
· CW in UL spectrum [CMCC]
· AIoT device with FDD frequency shifter, hence D2R in DL spectrum [CMCC][Lenovo]


	



Based on that, the followings are proposed,
Deployment scenario 1 with topology 1
[High][P3-1-v1] 
	For Deployment scenario 1 with topology 1, the following scenarios are used for evaluation of coverage and coexistence,

D1T1-A: indoor BS + indoor AIoT device, CW inside topology (i.e., monostatic backscattering),
· CW and D2R in UL spectrum
· Only for device type 1/2 with UL transmission is backscattered on a carrier wave provided externally
· [If AIoT device is powered by RF energy harvesting, BS(s) provides RF energy harvesting to AIoT device]
· <A figure is to be provided later if needed>

D1T1-B: indoor BS + indoor AIoT device, CW outside topology (i.e., bistatic backscattering),
· CW in UL spectrum, CW emitter is from a UE or a node located in other BS
· D2R in UL spectrum
· R2D in DL spectrum
· Only for device type 1/2 with UL transmission is backscattered on a carrier wave provided externally
· [RF energy harvesting]
· [If AIoT device is powered by RF energy harvesting, BS(s) provides RF energy harvesting to AIoT device]
· [If AIoT device is powered by RF energy harvesting, UE provides RF energy harvesting to AIoT device]
· <A figure is to be provided later if needed>

D1T1-C: indoor BS + indoor AIoT device with active UL transmission
· Only for device type 2 with UL transmission is generated internally by the device
· <A figure is to be provided later if needed>

FFS for other scenarios
FFS other assumptions for each scenario




	Company
	Comments

	Futurewei
	In general, the proposal is fine except the bullet for “[RF energy harvesting]” can be deprioritized.

	Ericsson
	D1T1-A: Perhaps we can indicate that R2D is in DL spectrum.
D1T1-B: Regarding “CW emitter is from a UE or a node located in other BS” and “BS(s) provides RF energy harvesting”, does this mean the case where CW emitter is a dedicated NW node (i.e., not a BS) is not considered. Please clarify.

We also suggest adding the following note:
Note: Other scenarios can be considered based on the outcome of the discussion in, e.g., AI 9.4.2.4. 


	vivo
	For D1T1-B, [RF energy harvesting] sub-bullet. We do not see motivation for BS ans UE to provide RF energy, when CW source provided by a node outside topology. The RF energy source is also the CW source. Otherwise, the deployment seems to complicated. Hence, we suggest to remove [RF energy harvesting] sub-bullet.

	Lenovo 
	For D1T1-A/B, prioritize CW, R2D in UL spectrum, other case can be for FFS. For D1T1-C D2R in UL spectrum 

	Apple
	· Generally fine, but for D1T1-B scenario, we can deprioritize following:
· [If AIoT device is powered by RF energy harvesting, BS(s) provides RF energy harvesting to AIoT device]


	OPPO
	We propose not to model CW for the time being as whether the CW node is inside/outside of topology, characteristics of the CW, etc. are subject to discussion in 9.2.4.4. For evaluation purpose, we can simply use backscattering activation power threshold.

	Nokia, NSB
	OK in general
Regarding RF energy harvesting, similar view to vivo

	Huawei, HiSilicon
	The general intention is ok, but with some comments:

D1T1-A：
· CW inside topology does not necessarily mean monostatic, because the BS in the Topology 1 can be multiple BSs which clarified in TR38.848. Thus we suggest remove the bracket part for D1T1-A. 
· Since CW inside topology where we think BS in the Topology 1 should be implemented to transmit CW thus FDD UL spectrum is questionable, should be FDD DL spectrum? We wonder if there is mistake, and this whole deployment is supposed to be in DL spectrum, in which case we could include that the R2D is transmitted in the DL spectrum, as captured in D1T1-B.
· For RF energy harvesting in the bracket, whatever we may write here, RF energy itself is out of 3GPP. It should not impact the band in which the device transmits to the reader, especially when the SID states that the devices have energy storage.

D1T1-B：
· Maybe claim CW in UL spectrum is enough. Whether CW emitter is in a UE or a BS or others is up to implementation.
· Similar comment as above for RF energy harvesting

D1T1-C：
· This case is straight forward, only minor suggestion is in the main bullet better to use same terminology as written in the SID in the main bullet. 
· indoor BS + indoor AIoT device with transmission generated internally by the device
active UL transmission



	MediaTek
	We are general OK for the direction of the FL proposal. But we think some assumptions should be aligned before treating a specific scenario.
· For EH purpose, whether an additional EH link/signal is assumed in addition to CW link (and potential R2D link).
· Our understanding to UHF RFID is both CW link and R2D link could be used for EH purpose. In that sense, for A-IoT, we think at least the CW for EH purpose could be followed, while whether the R2D link is for EH purpose could be FFS. On top of that, we are open for the discussion of an individual EH link/signal for EH purpose, but we think a common assumption/understanding on this point is necessary.
· The frequency shifting capability of Tag.
· Especially for scenario D1T1-C, whether a frequency shifting capability is assumed for device type 2 w/ UL transmission generated internally should be discussed in advance, which actually will impact the assumption (e.g., DL/UL spectrum allocation for different links) on the scenarios.

	Spreadtrum
	We are OK with the proposal. We prefer to remove the RF energy harvesting part.
The RF energy can be from UE, BS and other various nodes. It’s hard to evaluate the coverage performance about this link. So, we don’t prefer much discussion on RF energy harvesting.

	Philips
	We support all three deployment scenarios for topology 1.

	Samsung
	We agree with focusing on the three scenarios mentioned above for evaluation.

However, further discussion is required regarding the bullet included in brackets. The sources of RF energy harvesting for a tag can be follows: (1) RF signals intended for the tag, (2) RF signals intended for other tags, or (3) RF signals in Uu link. If only (1) or (2) becomes the source of energy, we will need to consider the design of AIoT DL signals to account for sufficient energy. Otherwise, AIoT DL signals can focus on efficiency and coverage instead of energy. Therefore, I believe a discussion on which signals tag can use for energy harvesting is important.

Additionally, the terminology 'inside/outside CW' can be confusing. More precisely, we could refer to these concepts as 'intrinsic' or 'extrinsic', 'endogenous' or 'exogenous', or use the already widely accepted terms 'monostatic' or 'bistatic'.

	CATT 
	For D1T1-A, we assume D2R in UL spectrum. For D1T1-B, we also suggest adding R2D in UL spectrum.




The proposals after Tuesday offline discussion

[High][P3-1-v3] 
	For Deployment scenario 1 with topology 1, the following scenarios are used for evaluation of coverage and coexistence,

D1T1-A: indoor BS + indoor AIoT device, CW inside topology (i.e., monostatic backscattering),

· FFS further discuss the following alternatives for further study in 9.4.2.4 for potential down-selection:
· Alt1：
· CW and D2R in UL  spectrum
· R2D in DL spectrum
· Alt2: 
· R2D, D2R and CW in UL spectrum
· Alt3: 
· R2D, D2R and CW in DL spectrum

· Only for device type 1/2(backscatter) with UL transmission is backscattered on a carrier wave provided externally
· [FFS: If AIoT device is powered by RF energy harvesting, BS(s) provides RF energy harvesting to AIoT device]
· <A figure is to be provided later if needed>

D1T1-B: indoor BS + indoor AIoT device, CW outside topology (i.e., bistatic backscattering),
FFS further discuss the following alternatives for further study in 9.4.2.4 for potential down-selection:
· FFS further discuss the following alternatives for further study in 9.4.2.4 for potential down-selection:
· Alt1：
· CW and D2R in UL spectrum
· R2D in DL spectrum
· Alt2: 
· R2D, D2R and CW in UL spectrum
· Alt3: 
· R2D, D2R and CW in DL spectrum
· CW in UL spectrum, CW emitter is from a UE or a node located in other BS
· D2R in UL spectrum
· R2D in DL spectrum
· Only for device type 1/2(backscatter) with UL transmission is backscattered on a carrier wave provided externally
· [FFS: RF energy harvesting]
· [If AIoT device is powered by RF energy harvesting, BS(s) provides RF energy harvesting to AIoT device]
· [If AIoT device is powered by RF energy harvesting, UE provides RF energy harvesting to AIoT device]
· <A figure is to be provided later if needed>

D1T1-C: indoor BS + indoor AIoT device with active UL transmission
· Only for device type 2 with UL transmission is generated internally by the device
· D2R in DL spectrum
· R2D in UL spectrum
· <A figure is to be provided later if needed>

FFS for other scenarios
FFS other assumptions for each scenario




After Thusday offline discussion
[High][P3-1-v5] 
	For Deployment scenario 1 with topology 1, the following scenarios are used for evaluation of coverage and coexistence,

D1T1-A: indoor BS + indoor AIoT device, CW inside topology,
· D1T1-A1: monostatic backscattering, same node for CW2D/R2D and D2R
· D1T1-A2: bistatic backscattering, different node for CW2D/R2D and D2R
· [R2D in at least DL spectrum]
· Only for device 1 and device 2a with UL transmission is backscattered on a carrier wave provided externally
· FFS for CW characteristics for further study in 9.4.2.4
· [FFS: RF energy harvesting]


D1T1-B: indoor BS + indoor AIoT device, CW outside topology (i.e., bistatic backscattering),
· [R2D in at least DL spectrum]
· FFS for CW characteristics for further study in 9.4.2.4
· Only for device 1 and device 2a with UL transmission is backscattered on a carrier wave provided externally
· [FFS: RF energy harvesting]
· For D1T1-B: 
· CW in CW2D and R in D2R are different
· Same CW and R for CW2D and R2D
· different R node for R2D and D2R
· 

D1T1-C: indoor BS + indoor AIoT device with active UL transmission
· Only for device 2b
· R2D in DL spectrum
· D2R in UL spectrum
· [FFS: RF energy harvesting]

FFS for other scenarios
FFS other assumptions for each scenario



FL added a figure for each scenario.
[High][P3-1-v6] 
	For Deployment scenario 1 with topology 1, the following scenarios are used for evaluation of coverage and coexistence,

D1T1-A: indoor BS + indoor AIoT device, CW inside topology,
· D1T1-A1: different node for CW2D/R2D and D2R
· ‘CW’ in CW2D and ‘R’ in D2R are different
· ‘CW’ in CW2D and ‘R’ in R2D are same
· ‘R’ in R2D and ‘R’ in D2R are different
[image: ]
· D1T1-A2: 
· same ‘CW’ and ‘R’ node for CW2D, D2R and R2D 
[image: ]
· [R2D in at least DL spectrum]
· Only for device 1 and device 2a with UL transmission is backscattered on a carrier wave provided externally
· FFS for CW characteristics for further study in 9.4.2.4
· [FFS: RF energy harvesting]


D1T1-B: indoor BS + indoor AIoT device, CW outside topology (i.e., bistatic backscattering),
· [R2D in at least DL spectrum]
· FFS for CW characteristics for further study in 9.4.2.4
· Only for device 1 and device 2a with UL transmission is backscattered on a carrier wave provided externally
· [FFS: RF energy harvesting]
· For D1T1-B: 
· ‘CW’ in CW2D and ‘R’ in D2R are different
· ‘CW’ in CW2D and ‘R’ in R2D are different
· ‘R’ in R2D and ‘R’ in D2R are same
[image: ]

D1T1-C: indoor BS + indoor AIoT device with active UL transmission
· Only for device 2b
· R2D in DL spectrum
· D2R in UL spectrum
· [FFS: RF energy harvesting]

FFS for other scenarios
FFS other assumptions for each scenario



	Company
	Comments

	Xiaomi
	Generally fine, but for R2D, can we add UL spectrum as well? Since in topology 2, most companies support R2D is on UL, if in topology 1, R2D does not support UL, then a device support topology 2 will not be able to support topology 1.

	Samsung
	Firstly, I find the terms R1 and R2 in the diagram confusing. I believe there exists a gNB for R2D and a gNB for D2R. 

What CW inside topology means is that the CW node corresponds to one of either gNB for R2D or gNB for D2R. D1T1-A1 is identical to the CW node being the gNB for R2D. D1T1-A2 means both gNB for R2D and gNB for D2R are the same, and this is identical to the CW node as well. 

Following this understanding, in D1T1-B, scenarios where gNB for R2D and gNB for D2R are distinguished can also be considered. Therefore, I would like to add the following cases as well:

· For D1T1-B1: 
· ‘CW’ in CW2D and gNB for D2R are different
· ‘CW’ in CW2D and gNB for R2D are different
· gNB for R2D and gNB for D2R are same
· D1T1-B2: 
· ‘CW’ in CW2D and gNB for D2R are different
· ‘CW’ in CW2D and gNB for R2D are different
· gNB for R2D and gNB for D2R are different



	
	



Deployment scenario 2 with topology 2
[High][P3-2-v1] 
	For Deployment scenario 2 with topology 2, the following scenarios are used for evaluation of coverage and coexistence,

D2T2-A: outdoor BS + Indoor Intermediate UE + Indoor AIoT device, inside CW (i.e., monostatic backscattering)
· R2D in UL spectrum
· CW and D2R in UL spectrum
· [If AIoT device is powered by RF energy harvesting, Intermediate UE provides RF energy harvesting to AIoT device]

D2T2-B: outdoor BS + Indoor Intermediate UE + Indoor AIoT device, outside CW (i.e., bistatic backscattering) 
· R2D in UL spectrum 
· CW and D2R
· D2T2-B1: in DL spectrum, CW emitter type is other BS
· D2T2-B2: in UL spectrum, CW emitter type is UE
· [RF energy harvesting]
· [D2T2-B1: If AIoT device is powered by RF energy harvesting, BS(s) provides RF energy harvesting to AIoT device]
· [D2T2-B2: If AIoT device is powered by RF energy harvesting, UE provides RF energy harvesting to AIoT device]

D2T2-C: outdoor BS + Indoor Intermediate UE + Indoor AIoT device with active UL transmission

FFS for other scenarios
FFS other assumptions for each scenario





	Company
	Comments

	Futurewei
	In general, the proposal is fine except the bullet for “[RF energy harvesting]” can be deprioritized.

	Ericsson
	D2T2-B1: Similar comment as to the previous question. Does this mean that CW emitter type as a dedicated external node (≠BS) is not considered?
D2T2-B2: Regarding “CW emitter type is UE”, is it correct assumptions that the UE is also located indoors?

We also suggest adding the following note:
Note: Other scenarios can be considered based on the outcome of the discussion in, e.g., AI 9.4.2.4. 


	vivo
	For D2T2-B, Similar as our comment to P3-1-v1, for the [RF energy harvesting] sub-bullet, we do not see why BS/UE is used to provide RF energy for harvesting if there is already separated CW source, it seems too complicated to have so many nodes.

For D2T2-B1, if CW is provided in DL spectrum and D2R is also in DL spectrum, we are not sure whether it is allowed by regulation. We can revisit after we have conclusion in AI 9.4.2.4.

	Lenovo
	Fine with the proposed text for D2T2-A and D2T2-C. For D2T2-B, prioritize UL spectrum for R2D, CW, and D2R. 

	Apple
	Generally fine, but for scenario D2T2-B, we can deprioritze following:
· [D2T2-B1: If AIoT device is powered by RF energy harvesting, BS(s) provides RF energy harvesting to AIoT device]

	OPPO
	Similar comments as that for D1T1

	Nokia, NSB
	D2T2-C seems a bit unclear, does not have the same level of detail on spectrum use as the other cases

	Huawei, HiSilicon
	Apart from the energy harvesting comments we had in the previous proposal, we wanted to clarify that in D2T2-B, are both CW and D2R assumed to take place in the DL spectrum in D2T2-B1 and in the UL spectrum for D2T2-B2?

D2T2-A：
· CW inside topology does not necessarily mean monostatic, because the UE in the Topology UE can be multiple UEs which clarified in TR38.848. Thus we suggest remove the bracket part for D2T2-A. 
· For RF energy harvesting in the bracket, whatever we may write here, RF energy itself is out of 3GPP. It should not impact the band in which the device transmits to the reader, especially when the SID states that the devices have energy storage.

D2T2-B：
· Maybe claim CW in UL or DL spectrum is enough. Whether CW emitter is in a UE or a BS or others is up to implementation.
· Similar comment as above for RF energy harvesting

D2T2-C：
· This case is straight forward, only minor suggestion is better to use same terminology as written in the SID in the main bullet. (i.e. indoor BS + indoor indoor BS + indoor AIoT device with transmission generated internally by the device
active UL transmission)


	MediaTek
	Similar view as our response to proposal P3-1-v1. 

	Spreadtrum
	Same comments with P3-1-v1, RF energy harvesting part can be removed.

	Philips
	We support all three deployment scenarios for topology 2.

	Samsung
	In the case of D2T2-B1, the tag performs uplink transmissions in the DL spectrum. However, given the discussions in the SID saying “Transmission from Ambient IoT device (including backscattering when used) can occur at least in UL spectrum”,  it may be better to deprioritize this case. 

For RF energy harvesting and inside/outside terminology, please refer to our comments above.

	NTT DOCOMO
	For D2T2-B1, CW emitter type is unclear. For example, “other BS” includes the case where other TRP than that for signal transmission?

	CATT
	Fine in general. Suggest deprioritizing the bullet for “[RF energy harvesting]” and prioritizing UL spectrum for R2D, CW, and D2R for D2T2-B.

	
	

	
	


	

[High][P3-2-v2] 
	For Deployment scenario 2 with topology 2, the following scenarios are used for evaluation of coverage and coexistence,

D2T2-A: outdoor BS + Indoor Intermediate UE + Indoor AIoT device, inside CW (i.e., monostatic backscattering)
· R2D in UL spectrum
· CW and D2R in UL spectrum
· Only for device 1 and device 2a with UL transmission is backscattered on a carrier wave provided externally
· [FFS: If AIoT device is powered by RF energy harvesting, Intermediate UE provides RF energy harvesting to AIoT device]

D2T2-B: outdoor BS + Indoor Intermediate UE + Indoor AIoT device, outside CW (i.e., bistatic backscattering) 
· R2D in UL spectrum 
· CW and D2R
· D2T2-B1: in DL spectrum, CW emitter type is other BS
· D2T2-B2: in UL spectrum, CW emitter type is UE
· Only for device 1 and device 2a with UL transmission is backscattered on a carrier wave provided externally
· [FFS: RF energy harvesting]
· [D2T2-B1: If AIoT device is powered by RF energy harvesting, BS(s) provides RF energy harvesting to AIoT device]
· [D2T2-B2: If AIoT device is powered by RF energy harvesting, UE provides RF energy harvesting to AIoT device]

D2T2-C: outdoor BS + Indoor Intermediate UE + Indoor AIoT device with active UL transmission
· Only for device 2b with UL transmission is backscattered on a carrier wave provided externally
· R2D in UL spectrum
· D2R in UL spectrum

FFS for other scenarios
FFS other assumptions for each scenario




FL added figures similar to D1T1 after Thusday offline discussion.
[High][P3-2-v3] 
	For Deployment scenario 2 with topology 2, the following scenarios are used for evaluation of coverage and coexistence,

D2T2-A: outdoor BS + Indoor Intermediate UE + Indoor AIoT device, CW inside topology
· D2T2-A1: different node for CW2D/R2D and D2R
· ‘CW’ in CW2D and ‘R’ in D2R are different
· ‘CW’ in CW2D and ‘R’ in R2D are same
· ‘R’ in R2D and ‘R’ in D2R are different
[image: ]
· D2T2-A2: 
· same ‘CW’ and ‘R’ node for CW2D, D2R and R2D 
[image: ]
· R2D in UL spectrum
· Only for device 1 and device 2a with UL transmission is backscattered on a carrier wave provided externally
· FFS for CW characteristics for further study in 9.4.2.4
· [FFS: RF energy harvesting]
· 

D2T2-B: outdoor BS + Indoor Intermediate UE + Indoor AIoT device, CW outside topology 
[image: ]
· R2D in UL spectrum
· Only for device 1 and device 2a with UL transmission is backscattered on a carrier wave provided externally
· FFS for CW characteristics for further study in 9.4.2.4
· [FFS: RF energy harvesting]

D2T2-C: outdoor BS + Indoor Intermediate UE + Indoor AIoT device with active UL transmission
· Only for device 2b with UL transmission is backscattered on a carrier wave provided externally
· R2D in UL spectrum
· D2R in UL spectrum

FFS for other scenarios
FFS other assumptions for each scenario




	Company
	Comments

	Huawei, HiSilicon
	Prefer to add similar sentence for potential down-selection for D2T2-B

D2T2-A：
· CW inside topology does not necessarily mean monostatic, because the UE in the Topology UE can be multiple UEs which clarified in TR38.848. Thus we suggest remove the bracket part for D2T2-A. 
“D2T2-A: outdoor BS + Indoor Intermediate UE + Indoor AIoT device, inside CW (i.e., monostatic backscattering)”

· For RF energy harvesting in the bracket, whatever we may write here, RF energy itself is out of 3GPP. It should not impact the band in which the device transmits to the reader, especially when the SID states that the devices have energy storage.

D2T2-B：
· Similar comment as above for RF energy harvesting

D2T2-C：
· This case is straight forward, only minor suggestion is better to use same terminology as written in the SID in the main bullet. (i.e. indoor BS + indoor indoor BS + indoor AIoT device with transmission generated internally by the device
active UL transmission)


	vivo
	Similar view as that for P3-1-v3, and RF energy harvest part should be removed.

	Xiaomi
	Generally fine, and similar view as that for P3-1-v3.

	Samsung
	Similar comment as the one for P3-1.



Topology and distributions assumptions
Topology
[CMCC][Ericsson] [FW][Huawei] [InterDigital][OPPO][Qualcomm] and several companies propose the followings for the evaluation,
· InF-SH, InF-DH: [CMCC][Ericsson] [FW][Huawei] [InterDigital][OPPO][Qualcomm]
For deployment scenario 2 topology 2, 
· [Ericsson][CMCC] it is FFS
· [Huawei] proposed InH-Offce for D2T2
· Other companies proposed InF-DH 

AIoT device distributions
· Uniform distribution: [Apple][CMCC][Huawei][InterDigital][OPPO][Lenovo]
· Clustered [LGE][Qualcomm][InterDigital]
· [LGE]UE dropping model for Indoor Hotspot in Rel-17 XR evaluation
· [InterDigital] All devices are divided in groups (per BS). Each group is uniformly dropped within a circle of radius R around the BS, where R is determined according to coverage analysis.
· [Qualcomm] Cluster is defined as fixed rectangular area where devices uniformly located inside with random heights.

Carrier frequency
Refer to link budget template

Detail proposals are as follows,
	[CMCC]
	Table 2.3-2: Assumptions for the indoor factory scenario
	Parameter
	Values

	Scenario
	InF-SH, InF-DH

	Hall size
	InF-SH: 300x150 m
InF-DH: 120x60 m

	Room height
	10 m

	Sectorization
	None

	BS antenna configurations
	1 element (vertically polarized), Isotropic antenna gain pattern

	UT antenna configurations
	1 element (vertically polarized), Isotropic antenna gain pattern

	BS deployment
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the small hall (L=120m x W=60m): D=20m
-	for the big hall (L=300m x W=150m): D=50m
[image: ]
BS-height = 8 m for for InF-SH and InF-DH

	device distribution 
	AIoT devices drop
Uniformly distributed over the horizontal area
Device Height= 1.5 m

	Carrier frequency
	900MHz




	[Ericsson]
	[bookmark: _Ref157603195]Table 1. Assumptions 2D distributions of BS and A-IoTs
	Parameter
	Distribution

	BS deployment

	
 
d

18 BSs on a square lattice with spacing D, located D/2 from the walls. [TR 38.901]

· For the small hall, we can choose the parameter D and adjust the hall size to guarantee that any A-IoT device remains within a maximum distance of 10 meters from a BS. To achieve this, we focus on the A-IoT device farthest from all surrounding BSs, particularly the one positioned in the middle of the four BSs located at the corners of a square (as indicated by the red dot in the figure). Therefore, to ensure that the distance  is less than 10 meters, the distance between the BSs, D, can be set to 14 meters. Considering 18 BSs in the hall, the hall size can be computed accordingly.
for the small hall (L=84m x W=42m): D=14m

· for the big hall (L=300m x W=150m): D=50m

	A-IoT devices
	Uniform distribution of the A-IoT devices
A-IoT device height = 1.5 m
Number of A-IoTs = Total area × density
· for the small hall = 3528 m² × 1.5 A-IoT devices/m² = 5,292 A-IoT devices
· for the big hall= 45000 m² × 1.5 A-IoT devices/m²= 67,500 A-IoT devices




	[FW]
	Indoor Factory, InF pathloss model is per 3GPP TS 38.901

	[Huawei]

	Table 1 Deployment scenario assumptions for D1+T1
	Pathloss model
	InF-DH NLOS

	Carrier Frequency
	900 MHz

	Layout
	Hall size (W x L)
	[image: ]
L(m) x W (m) = 6D x 3D

	
	ISD (D)
	20 m or 50 m

	BS antenna height
	8 m

	Device antenna height
	1.5 m

	Device mobility (horizontal plane only)
	3 kph

	Device distribution
	uniform


Proposal 5: For deployment scenario 1 with Topology (1), the indoor factory scenario with InF-DH NLOS channel model is recommended. Capture Table 1 into TR as the further deployment scenario assumptions for D1+T1.

Table 2 Deployment scenario assumptions for D2+T2
	Pathloss model
	InH-Offce NLOS

	Carrier Frequency
	900 MHz

	Layout
	Hall size (W x L)
	120 x 50 m

	Intermediate UE antenna height
	1.5 m

	Device antenna height
	1.5 m

	Device mobility (horizontal plane only)
	3 kph

	Device distribution
	uniform


Proposal 7: For deployment scenario 2 with Topology (2), the indoor office scenario with InH-Office NLOS channel model is recommended. Capture Table 2 into TR as the further deployment scenario assumptions for D2+T2.



	[InterDigital]

	Table 1: Coverage Evaluation Assumptions for Deployment Scenario 1 – Topology 1
	Parameter
	Values

	Scenario
	InF-DH

	Hall Size
	120x60 m

	Room Height
	10 m

	Sectorization
	None

	BS Antenna Configuration
	1 element (vertically polarized), Isotropic antenna gain pattern

	IoT Device Antenna Configuration
	1 element (vertically polarized), Isotropic antenna gain pattern

	BS Deployment
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the small hall (L=120m x W=60m): D=20m
[image: ]

	BS Height
	8 m

	BS Transmit Power
	30 dBm (other values are not precluded)

	IoT Device Distribution 
	· Option 1: Uniformly dropped, Option 2: Uniformly dropped within circles of radius R around each BS, where R is determined according to coverage analysis.
· Minimum inter-IoT device 2D distance of 1 m
· Device Density = 150 devices per 100 m2

	IoT Device Height
	1.5 m

	IoT Device Association
	Based on Pathloss or RSRP 

	IoT Device Noise Figure
	9 dB

	Carrier frequency
	900 MHz




Table 2: Coverage Evaluation Assumptions for Deployment Scenario 2 – Topology 2
	Parameter
	Values

	Scenario
	InF-DH

	Hall Size
	120x60 m

	Room Height
	10 m

	Intermediate Node (UE) Antenna Configuration
	1 element (vertically polarized), Isotropic antenna gain pattern

	IoT Device Antenna Configuration
	1 element (vertically polarized), Isotropic antenna gain pattern

	UE Deployment
	Option1: 18 UEs on a square lattice with spacing D, located D/2 from the walls. (Similar to InF BS deployment)
-	for the small hall (L=120m x W=60m): D=20m
[image: ]
Option2: 18 UEs uniformly dropped within the 2D plane of the hall

	UE Height
	1.5 m

	UE Transmit Power
	30 dBm (other values are not precluded)

	IoT Device Distribution 
	· Option 1: Uniformly dropped, Option 2: Uniformly dropped within a circles of radius R around each UE, where R is determined according to coverage analysis.
· Minimum inter-IoT device 2D distance of 1 m
· Minimum UE-IoT device 2D distance of 1 m
· Device Density = 150 devices per 100 m2

	IoT Device Height
	1.5 m

	IoT Device Association
	Based on Pathloss or RSRP 

	IoT Device Noise Figure
	9 dB

	Carrier frequency
	900 MHz





	[OPPO]

	Table 6.1-1: Parameters common to InF scenarios [38.857]
	 
	FR1 Specific Values 
	

	Channel model
	InF-SH, InF-DH
	

	Layout 
	Hall size
	InF-SH: 
(baseline) 300x150 m 
(optional) 120x60 m
InF-DH: 
(baseline) 120x60 m
(optional) 300x150 m

	
	BS locations
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
-	for the small hall (L=120m x W=60m): D=20m
-	for the big hall (L=300m x W=150m): D=50m

[image: ]

	
	Room height
	10m

	Total gNB/intermediate node TX power, dBm
	24/23 dBm
	

	gNB antenna configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), dH=dV=0.5λ – Note 1
	

	Intermediate Node antenna configuration
	FFS

	gNB antenna radiation pattern
	Single sector – Note 1
	

	Intermediate node radiation pattern
	FFS

	Penetration loss
	0dB

	Number of floors
	1

	A-IoT devices horizontal drop procedure
	Uniformly distributed over the horizontal evaluation area for obtaining the CDF values for positioning accuracy, The evaluation area should be 
the whole hall. 

	A-IoT Device antenna height
	FFS

	A-IoT Device mobility
	10km/h  according to 38.848

	Min gNB-UE distance (2D), m
	0m

	gNB antenna height
	Baseline: 8m
(Optional): two fixed heights, either {4, 8} m, or {max(4,[image: ][image: ]), 8}.

	Intermediate node antenna height
	[8m] 

	Density of A-IoT devices
	150 devices per 100 m2

	Note 1:	According to Table A.2.1-7 in TR 38.802





	[Qualcomm]

	For the evaluation purpose, indoor scenario (such as indoor factory InF) layout could be considered as starting point. This is the similar scenario to warehouse scenario. In InF scenario given in [21], base stations (BS) are evenly located in grid to cover entire warehouse with ISD of D meters away from neighbor BSs. For topology 1 and 2 (T1 and T2, respectively), we can consider layouts shown in Figure 3 and Figure 4, respectively. In both layouts, we have clusters, explained in Section 2.3, which models the shelves or racks, where A-IoT devices are located with different heights.

[image: A diagram of a network

Description automatically generated]
[bookmark: _Ref158654601]Figure 3 Layout for indoor warehouse for topology 1
[image: A diagram of a network

Description automatically generated]
[bookmark: _Ref158654644]Figure 4 Layout of indoor warehouse for topology 2


Proposal 7: RAN1 considers InF layout and channels as a starting point to model indoor warehouse with additional modeling of cluster.
· Cluster is defined as fixed rectangular area where devices uniformly located inside with random heights.


	
	





Hence, the following is proposed,

[High][P3-3-v1] 
For the evaluation purpose, and scenarios for D1T1, indoor scenario (such as indoor factory InF) layout could be considered as starting point. Capture the followings in TR38.XXX
Table XXX: Detailed topology for scenarios D1T1
	Parameter
	Values

	Scenario
	InF-SH, InF-DH

	Hall size
	InF-SH: 300x150 m
InF-DH: 120x60 m

	Room height
	10 m

	Sectorization
	None

	BS deployment
	18 BSs on a square lattice with spacing D, located D/2 from the walls.
<Editor’s note: small hall -> to be discussed >
· for the small hall (L=120m x W=60m): D=20m
· for the small hall (L=84m x W=42m): D=14m
· For the small hall, we can choose the parameter D and adjust the hall size to guarantee that any A-IoT device remains within a maximum distance of 10 meters from a BS. To achieve this, we focus on the A-IoT device farthest from all surrounding BSs, particularly the one positioned in the middle of the four BSs located at the corners of a square (as indicated by the red dot in the figure). Therefore, to ensure that the distance  is less than 10 meters, the distance between the BSs, D, can be set to 14 meters. Considering 18 BSs in the hall, the hall size can be computed accordingly.
· for the big hall (L=300m x W=150m): D=50m
 
d

BS-height = 8 m for for InF-SH and InF-DH


	device distribution 
	Device Height= 1.5 m
Alt 1 (mandatory)
· AIoT devices drop uniformly distributed over the horizontal area
Alt 2 (optional)
· FFS cluster based dropping

Number of A-IoTs = Total area × density
· for the small hall = 3528 m² × 1.5 A-IoT devices/m² = 5,292 A-IoT devices
· for the big hall= 45000 m² × 1.5 A-IoT devices/m²= 67,500 A-IoT devices



[High][P3-4-v1] 
For the evaluation purpose, and scenarios for D2T2, further study the followings,
· Layout: InF-DH or InH-Office
· Intermediate UE dropping
· IoT Device Distribution: uniform and/or clustered distributions


	Company
	Comments

	Futurewei
	P3-3-v1 is fine, but it is not clear what “Intermediate UE dropping” means in P3-4-v1.

	Ericsson
	D1T1
· Hall size: It seems like two different small hall sizes are being considered (in Sectorization). Hence, they should be reflected in the Hall size row. Currently, only one small hall size is included. 
· Device distribution: Number of A-IoTs should reflect two small hall sizes. 
· The distribution of CW emitters can be FFS if CW is from adn external non-BS node.

D2T2
· We think it might be better to consider InF-DL as the antenna height for the intermediate node can be smaller in this scenario.
· The density of intermediate nodes can also be further study.


	vivo
	A general question for P3-3-v1 and P3-4-v1, are these assumptions for coverage evaluation or co-existence evaluation?
In our understanding, BS deployment and device distribution, are intended for system level simulation for co-existence study, which seems more like RAN4 work to determine the performance loss due to co-existence between AIoT and NR. 

If these assumptions are intended for coverage evaluation, we would like to clarify how these assumptions are used in coverage evaluation.

	Lenovo
	Fine 

	Apple
	Support

	OPPO
	Seems there is no need to use different device distribution for D1T1 and D2T2, the following as D1T1 can be used for D2T2 in our view.

Alt 1 (mandatory)
· AIoT devices drop uniformly distributed over the horizontal area
Alt 2 (optional)
· FFS cluster based dropping


	Nokia, NSB
	OK

	Huawei, HiSilicon
	P3-3-v1:
· The paragraph on small hall size with D=14m can be removed. Since it is not proposed in hall size row. We think pick 1 small hall size of D=20m is enough for the study. And in the last bullet, 3528 should be corrected to 7200 while 5292 should be corrected to 10800 accordingly.

P3-4-v1:
· We pick InH-Office in our paper is just because no existing indoor channel model can be referred to Topology 2. Thus considering the BS height for InH-Office is lower than InF-DH which may emulate channel model for intermediate UE, we pick it. However, if InF-DH can be used for D2T2 with refine the BS height 8m to e.g. intermediate UE height 1.5m, we could also be fine with this. 
We are OK with this proposal

	Spreadtrum
	Support.

	Samsung
	We are generally okay with this proposal. Regarding device distribution, we propose using the term "baseline" instead of "mandatory," which has been the terminology traditionally used. Additionally, after reaching a consensus on the size of small hall, the total area and hall size parameter need to reflect this accordingly (for example, corresponding to 3528 = 84 x 42).

We prefer to use to the definition of the small hall: (L=120m x W=60m): D=20m.

Plus, we would like to make the following modifications, identical to D1T1.
· IoT Device Distribution:
· Alt 1 (baseline): AIoT devices drop uniformly distributed over the horizontal area
· Alt 2 (optional)
FFS cluster based dropping

	CATT
	Okay

	
	

	
	

	
	





Others

Energy harvesting
[Qualcomm]
Proposal 1: Rel-19 A-IoT study purpose, assume that all device types do energy harvesting from RF signal only.
Proposal 2: RAN1 to study RF signal-based energy harvesting in Rel-19 A-IoT SI. 

	Company
	Comments

	Lenovo 
	fine

	Philips
	We support both proposals.

	NTT DOCOMO
	For proposal 1, we are not sure whether energy harvesting should be only from RF signal. Whether A-IoT UE which supports energy harvesting only from RF signal should be clarified while we think it may limit the possible device architecture and/or possible PHY design.



Link budget calculation for coverage 
Performance metric

	TR 38.830
Definition of MCL:
-	MCL = Total transmit power – Receiver sensitivity + BS antenna gain.
Definition of MIL:
-	MIL = Total transmit power – Receiver sensitivity – Tx loss – Rx loss + BS antenna gain + UE antenna gain.
Definition of MPL:
-	MPL = MIL – Shadow fading margin + BS selection/macro-diversity gain – Penetration margin + Other gains.



The metric used for Ambient IoT coverage evaluation

· MPL / Distance 
· [Ericsson, Nokia, Sony, xiaomi, Lenovo, IITM, Huawei, CMCC, ZTE, OPPO, China Telecom, Comba, InterDigital, Samsung]
· MIL
· [Vivo, Qualcomm, Spreadtrum, Samsung]
· MCL
· [Apple, Spreadtrum, Samsung]

Detail proposals are as follows,
	Contribution
	Observation/Proposals

	Spreadtrum Communications
	Proposal 1: MCL, MIL or MPL can be used to evaluate the coverage performance for A-IoT.

	Ericsson
	[bookmark: _Toc159249247]Proposal 6. Down-select between the following coverage evaluation methodology alternatives:
· [bookmark: _Toc159249248]Alt 1. Adopt the link budget templates described in TR 38.875 or TR 38.830 as the starting point.
· [bookmark: _Toc159249249]Alt 2: Use the simple coverage evaluation methodology primarily based on path loss.
[bookmark: _Toc159249232]Observation 1. The coverage evaluation methodology Alt 1 relies on the link level simulations and therefore depend on different factors like bandwidth, receiver algorithms, and physical channels. These factors are not clearly defined yet for A-IoT devices.
Proposal 9 If coverage evaluation methodology alternative 1 is selected, MPL is used as the coverage metric and use the same methodology as 38.830 section 4.2, to convert target distances to the target MPLs.
Proposal 12 If coverage evaluation methodology alternative 2 is adopted, the maximum distance as the coverage metric can be obtained as the maximum distance for which the received power is larger than the receiver sensitivity.

	Huawei
	Proposal 12: MPL is used to derive the required link budget for the Rel-19 Ambient IoT study.

	vivo
	Proposal 3:  The evaluation methodology in LP-WUS SI can be reused as baseline for evaluation of the coverage of AIoT DL.
- MIL is used to derive the coverage range of AIoT DL, and coverage range is derived from MIL.
- Parameters including Tx loss, Rx loss and gNB antenna gain component 2, component 3 can be removed.
Observation 4: For active device, conventional evaluation methodology can be reused for AIoT uplink.
Proposal 8:  MIL is used as metric for uplink budget calculation, and coverage range is derived from MIL. Following factors need to be considered in MIL calculation.
-	Tx power of carrier wave
-	Path loss between carrier wave source and AIoT device.
-	Return loss
-	power gain from reflection amplifier (if applicable)

	CMCC
	Proposal 3: The coverage distance is used as performance metric for link-budget calculation.
Proposal 4: For the target performance metric, both the coverage distance of RF energy harvesting (if used), downlink communication, and uplink communication are calculated.
Proposal 5: Link budget for communications between reader and device can be calculated respectively as below，
· MPLEH= Energy Tx power – Device receive sensitivity (Device EH activation threshold) + Transmitter antenna gain + Receiver antenna gain + Multi-node gain (if any) – shadowing fading margin – polarization loss
· MPLDL = Transmitter Tx power – Device receive sensitivity (Device RX activation threshold) + Transmitter antenna gain + Receiver antenna gain – shadowing fading margin – polarization loss
· MPLUL_Backscatter = Device received CW power - Receiver sensitivity+ Transmitter antenna gain + Receiver antenna gain + backscatter loss/amplification– shadowing fading margin – polarization loss
· MPLUL_Active = Device Tx power – Receiver sensitivity+ Transmitter antenna gain + Receiver antenna gain – shadowing fading margin – polarization loss 

	CATT
	Evaluation metric such as link budget, MIL, MCL can be reused in coverage evaluation for A-IoT.

	ZTE
	Proposal 2: MPL can be used to evaluate the maximum coverage distance based on the following two approaches:
· Option 1: Evaluate the value of MPL of Ambient IoT via link budget, calculate the maximum transmission distance based on path loss model and the evaluated MPL value.
· Option 2: Define one or multiple target MPL values based on path loss model and the coverage design target, evaluate the value of MPL of Ambient IoT via link budget, and compare the evaluated MPL with target MPL.

	xiaomi
	Proposal 4: The evaluation methodology for coverage evaluation can includes the following 4 steps:
· Step 1：Obtain the required SINR for the physical channels under target simulation assumptions and reliability requirements;
· Step 2: Calculate the receiver sensitivity (minimum received power requirement) by the required SINR and the link budget template in TR 38.830;
· Step 3: Calculate received power at receiver side;
· Step 4: Compare the obtained receiver sensitivity in step 2 and the received power in step 3, and identify the coverage issue if the receiver sensitivity is larger than the received power.

	OPPO
	Proposal 7: MPL is used as the baseline performance metric for A-IoT link budget calculation.

	China Telecom
	Proposal 2: Support at least MPL as the performance metric.

	Samsung
	Proposal 1. The following steps are taken to perform the coverage evaluation.
- Step 1: Determine the required SINR for the given data rate using link-level simulation.
- Step 2: Obtain the coverage performance at the required SINR using a link budget template. 

Proposal 2. For the coverage evaluation, use MIL, MCL or MPL as the performance metric. Coverage/ISD in meter can be calculated with a certain channel model assumption.

	Sony
	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. 

	Lenovo
	Observation 2: To detect the signal at BS, the received power should be above BS sensitivity. For passive devices that use ASK or PSK modulated backscattering, envelope detection is used at BS for which BS Rx sensitivity to be considered should be different than the typical BS sensitivity that assume coherent detection of signal including channel estimation, equalization, etc. Considering the typical envelope detectors used in RFID communication, the sensitivity of the receiver can be ~-95dBm.

	IITM
	Observation 1: Only certain sets of the frequencies and path loss exponents result in received power at both the Ambient IoT device and base station exceeding their respective receiver sensitivity values.




[Close][High][P4-1-v1v2] 
	Proposal:
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





	Company
	Comments

	China Telecom
	We support FL proposal. For MPL, the target performance can be directly derived based on the target coverage distance together with a path loss model. We think at least MPL needs to be supported for coverage evaluation.

	Futurewei
	Support 

	Ericsson
	Regarding distance, is the intention that obtained MPL values will be translated, somehow, to distance metric, or is that distance will be calculated directly based Budget-Alt1 methodology?

	vivo
	Support. And seems we can discuss P4-2-v1 directly.

	Lenovo
	Fine 

	Apple
	Support

	OPPO
	OK

	Nokia, NSB
	OK

	Huawei, HiSilicon
	We are fine with this proposal. 
BTW, the design target already agreed as maximum distance, so maybe here MPL for link budget is enough.

	MediaTek
	Support.

	Spreadtrum
	Support.

	Samsung 
	Agreed. However, we would like to further specify the proposal as follows:

Proposal:
MPL is used as performance metric for link budget and the maximum distance is calculated based on a path loss model. 

	CATT
	Support




Link budget template

Table. 3.4.2. Link budget template

	No.
	Item
	Reader-to-Device
	Device-to-Reader
	Comments (to be removed)

	(0) System configuration

	0A
	Scenarios
	D1T1-A/B/C…
D2T2-A/B/C…
	D1T1-A/B/C…
D2T2-A/B/C…
	

	0B
	Device type
	Device type 1/2a/2b
	Device type 1/2a/2b
	

	0C
	Center frequency (GHz)
	900MHz (mandatory)
FFS: 2GHz (optional)
	900MHz (mandatory)
FFS: 2GHz (optional)
	· 868MHz: [Sony]
· 900MHz: [Spreadtrum], [Ericsson], [Huawei], [CMCC], [Nokia], [MediaTek Inc.]
· 920MHz: [FUTUREWEI]
· 960MHz: [Comba]
· Sub 1GHz: [Lenovo]
· 2.45GHz: [Sony]
· 2.6GHz: [Nokia]
· 800MHz, 1.8GHz, 2.1GHz [China telecom]

	(1) Transmitter

	1A
	CW Tx power (dBm)
	N/A
	· 23dBm for CW node in UL spectrum, FFS 26dBm
· 33dBm for BS in DL spectrum for indoor

Note: only applicable for device 1/2a
	CW transmission power can be different based on CW emitting node type, e.g., BS, intermediate UE, or additional node.
CW transmission power can be different based on CW on UL band or DL band.

· 23 dBm: [Ericsson], [vivo], [CMCC], [Samsung], [Sony], [MediaTek Inc.]
· 24 dBm: [vivo], [Nokia]
· 26 dBm: [Ericsson], [vivo]
· 30 dBm: [FUTUREWEI]
· 33 dBm: [Spreadtrum], [CMCC], [Nokia]

	1B
	CW Tx antenna gain (dBi)


	N/A
	· UE Tx ant gain, if UE is CW emitter, or
· BS Tx ant gain, if BS is CW emitter

Note: only applicable for device 1/2a
	· 0 dBi: [MediaTek Inc.]
· 2 dBi: [CMCC],
· 3 dBi: [Sony]
· 5 dBi: [vivo]
· 6 dBi: [FUTUREWEI], [Sony]


	1C
	FFS: CW total loss
	N/A
	FFS: 3dB
Note: only applicable for device 1/2a
	[Ericsson] provides 3dB total loss for CW

	1D
	Number of Tx antenna elements / TxRU/ Tx chains modelled in LLS
	For BS:
- 2 or (optional) 4 antenna elements for 0.9 GHz

For Intermediate UE:
- 1 or 2 (if CPE with 26/29 dBm)
	 1
	

	1E
	Total Tx Power for occupied BW (dBm) 
	· 33dBm for BS in DL spectrum for indoor
· 23dBm for UE in UL spectrum, FFS 26dBm

	
· -10/-20dBm for device type 2(active)
· FFS: 
· For device 1/2a, whether this value is need (not regarded as an input variable but regarded as indirect variable), or
· based on backscatter activation power threshold, or
· company to report CW received power together with “emitter-to-tag distance
	For UL backscatter communication, total Tx power of AIoT device depends on the CW power received at AIoT device for backscatter. There are different assumptions on transmit power of CW, deployment of CW node and device provided by company: [Spreadtrum], [FUTUREWEI], [Huawei], [vivo], [CMCC], [ZTE], [Xiaomi], [Interdigital]

[OPPO], [Apple], [Qualcomm] consider to use backscatter activation power threshold

For R2D,
For BS
· 24 dBm: [vivo], [MediaTek Inc.]
· 29 dBm: [ZTE],
· 30 dBm: [FUTUREWEI], [Lenovo], [InterDigital, Inc]
· 33 dBm: [Spreadtrum], [Huawei], [CMCC], [Nokia], [Samsung]
· 35 dBm: [IITM]
· 36 dBm: [Qualcomm]

For intermediate UE:
· 23 dBm: [Ericsson], [Huawei], [vivo], [CMCC], [Samsung], [Lenovo], [MediaTek Inc.], [Qualcomm]
· 24 dBm: [Nokia]
· 26 dBm: [Ericsson], [vivo]
· 29 dBm: [FUTUREWEI]
· 36 dBm: [FUTUREWEI]

For D2R,
For device type1
· -26.5 dBm: [Spreadtrum]
· -46 dBm: [Huawei],
· -10/-44.5dBm [CMCC], depending on scenarios

For device type 2(backscatter)
· -16 dBm: [Spreadtrum]
· -30~ -53dBm [CMCC], depending on scenarios
· 

For device type 2(active)
· -20 dBm: [OPPO], [Qualcomm]
· -10 dBm: [Ericcson], [vivo], [CMCC], [Qualcomm]
· 23 dBm: [InterDigital, Inc]

	1F
	Occupied bandwidth (Hz)
	BW / PRBs assigned for R2D@Tx 
See LLS, section [XXX]
	BW/PRBs used for CW
See LLS, section [XXX]
	

	1G
	Tx antenna gain (dBi)
	· For BS for indoor, FFS: [2 / 5 / 6 / 8]dBi

· For intermediate UE, FFS: [0 / 6]dBi
	· For A-IoT device, [0 / -3 / 2]dBi
	[Huawei] proposed to use antenna gain modelling for both gNB and UE defined in TR 38.830, or simplified to one item. Other sources provide reference value for BS/intermediate UE/device separately
For R2D
For BS
· 0 dBi: [IITM]
· 2 dBi: [Huawei], [CMCC]
· 3 dBi: [Qualcomm]
· 5 dBi: [Spreadtrum], [MediaTek Inc.]
· 6 dBi: [FUTUREWEI], [Lenovo], [Comba], [Apple]
· 8 dBi: [ZTE], [Apple], [InterDigital, Inc]
· 17 dBi: [Nokia]

For intermediate UE
· 0 dBi: [FUTUREWEI], [Huawei], [MediaTek Inc.] [InterDigital, Inc]
· 6 dbi: [Nokia], [Lenovo]

For D2R
For Ambient IoT device,
· -3 dBi: [Ericsson], [Qualcomm]
· -1 dBi: [Nokia]
· 0 dBi: [Spreadtrum], [FUTUREWEI], [Huawei], [CMCC], [IITM]
· 0~2 dBi: [Lenovo]
· 2 dBi: [OPPO], [Comba]

	1H
	Ambient IoT backscatter loss (dB)

Note: due to, e.g., impedance mismatch
	N/A
	· 6dB

Note: Only for device 1
	· 5 dB: [Spreadtrum], [Ericsson], [OPPO], [Lenovo]
· 6 dB: [FUTUREWEI], [Huawei], [Samsung]
· 6~8 dB: [vivo]
· 8 dB: [CMCC], [Apple], [IITM], [InterDigital, Inc]
· 10 dB: [Lenovo], [MediaTek Inc.]

	1J
	Ambient IoT on-object antenna penalty
	N/A
	· 0.9dB
· FFS other values
	[Ericsson] 0.8
[Sony] 0.9 cardboard,10.4 aluminium
[Lenovo] 0.9dB Cardboard, 4.7dB plywood, 10.4dB

	1K
	Ambient IoT backscatter amplifier gain (dB)
	N/A
	· FFS: 10 ~ 15dB
Note: Only for device 2a
	· 10 dB: [FUTUREWEI], [CMCC], [Qualcomm]
· 10~15 dB: [vivo]
· 15 dB: [Nokia], [OPPO]
· 20 dB: [Ericsson], [InterDigital, Inc]

	1L
	Modulation factor (dB)

Note: due to modulation schemes
	N/A
	· FFS : [0/-3/-6] dB depending on modulation schemes
Note: Only for device 1?
	· -6 dB: [Ericsson], [Nokia], [ZTE]
· 0.5/0.25: [Lenovo]
· 5 dB: [Qualcomm]

	1M
	EIRP (dBm)
	Calculated
	Calculated
	

	(2) Receiver

	2A
	Number of receive antenna elements / TxRU / chains modelled in LLS
	Same as 1D-D2R
	Same as 1D-R2D
	

	2B
	Occupied bandwidth (Hz)
	BW for R2D@Rx from baseband 

See LLS, section [XXX]
	BW for D2R@Rx from baseband

See LLS, section [XXX]
	

	2C
	Receiver antenna gain (dBi)
	same as 1F-D2R
	Same as 1F-R2D
	For Ambient IoT,
· -3 dBi: [Ericsson], [Qualcomm]
· -1 dBi: [Nokia]
· 0 dBi: [Spreadtrum], [FUTUREWEI], [Huawei], [CMCC], [ZTE], [IITM], [InterDigital, Inc], [MediaTek Inc.]
· 2 dBi: [Comba]

For BS
· 2 dB: [Huawei]
· 3 dB: [Qualcomm]
· 5 dBi: [Spreadtrum]
· 6 dBi: [FUTUREWEI], [Nokia], [Comba], [Apple]
· 8 dBi: [Apple]

For intermediate UE
· 0 dBi: [FUTUREWEI]
· 3 dB: [Qualcomm]

	2D
	Receiver Noise Figure (dB)
	FFS: 20dB?
	For BS as reader
· 5dB
For UE as reader
· 7dB
	For Ambient IoT
20 dB: [vivo]
For reader
· 9 dB: [Huawei], [Nokia], [Lenovo](BS)
· 7 dB: [Qualcomm](UE)
· 6 dB: [Lenovo](BS)
· 5 dB: [CMCC](BS), [ZTE](BS), [Qualcomm](BS)

	2E
	Thermal Noise(dBm/Hz)
	-174
	-174
	

	2F
	Noise Power (dBm)
	Calculated
	Calculated
	

	2G
	Required SNR
	Reported by company, see section [xxx] for assumptions 
	Reported by company, see section [xxx] for assumptions
	

	2H
	Device activation threshold
	For device 1,
-24dBm for RF-EH
-30dBm for data

For device 2
-45dBm
	N/A
	
For device type 1:
· -30 dBm: [vivo], [CMCC] (for data)
· -25 dBm: [Nokia]
· -24 dBm: [Ericsson], [FUTUREWEI], [ZTE], [CMCC] (for RF-EH)

For device 2
· -45 dBm: [Nokia], [CMCC]
· -40 dBm: [FUTUREWEI]

For AIoT device
· -30 dBm: [Samsung], [MTK]
· -20 dBm: [Apple]

The list may not be complete.

	2J
	Budget-Alt1/ Budget-Alt2
	?
	?
	

	2K
	CW cancellation (dB)
	N/A
	For [monostatic backscatter], FFS
· [140dB for BS]
· [120dB for UE]

For [bistatic backscatter]
· Assuming CW has no impact to the receiver sensitivity loss. 
	For CW inside topology,
· 140dB: [Qualcomm](BS)
· 120dB: [Qualcomm](UE)
· [vivo] also provide a table to determine the receiver sensitivity loss
For CW outside topology,
· [vivo] thinks the receiver sensitivity loss may be marginal even without RF-IC at receiver

	2L
	Receiver Sensitivity (dBm)

	Calculated 2L based on method used from 2J
	Calculated 2L based on method used from 2J, and variable in 2F, 2G
	For R2D
For device type 1:
· -45 dB: [Ericsson]
· -36 dBm: [Huawei]
· -35 dBm: [Qualcomm]
· -30 dBm: [CMCC] (for data)
· -24 dBm: [FUTUREWEI], [CMCC] (for EH)
· -20 dBm: [Spreadtrum], [Lenovo], [Comba], [InterDigital, Inc](passive device)

For device type 2:
· -100/-85 dBm: [Ericsson]
· -90/-60 dBm: [InterDigital, Inc](active device]
· -52 dBm: [Qualcomm]
· -50 dBm: [Spreadtrum]
· -45 dBm: [CMCC], [Lenovo], [Qualcomm]
· -40 dBm: [FUTUREWEI], [InterDigital, Inc](semi-passive device)
· -30 dBm: [Lenovo]

For AIoT device:
· -50 dBm: [MediaTek Inc.]
· -45 dBm: [OPPO]
· -24 dBm: [IITM]

For D2R,

For BS:
· -121 dBm: [Huawei],
· -120 dBm: [CMCC], [IITM]
· -118.54 dBm for CW outside topology: [vivo]
· -115.4 dBm w/o CW interference: [Qualcomm]
· -115 dBm: [Sony]
· -112 dBm: [Apple]
· -107.76 dBm for CW inside topology: [vivo]
· -103.7 dBm w/ CW interference: [Qualcomm]
· -102 dBm: [MediaTek Inc.]
· -100 dBm: [Spreadtrum], [Ericsson], [CMCC], [Nokia], [InterDigital, Inc]
· -98.6 dBm: [FUTUREWEI]
· -95 dBm: [Lenovo]

For UE
· -116.44 dBm for CW outside topology: [vivo]
· -113.4 dBm w/o CW interference: [Qualcomm]
· -100.24 dBm for CW inside topology: [vivo]
· -100 dBm: [Ericsson]
· -97 dBm: [FUTUREWEI], [CMCC], [Apple]
· -96.9 dBm w/ CW interference: [Qualcomm]
· -92 dBm for CW inside topology: [CMCC], [InterDigital, Inc]
· -90 dBm: [Sony]



	(3) System margins

	3A
	Shadow fading margin (function of the cell area reliability and lognormal shadow fading std deviation) (dB)
	According to the propagation model and scenario
	According to the propagation model and scenario
	

	3B
	polarization mismatching loss (dB)
	3 dB
	3 dB
	3 dB: [Ericsson], [CMCC], [Sony], [Lenovo], [Huawei]

	3C
	BS selection/macro-diversity gain (dB)
	Reported by companies
	Reported by companies
	6dB [CMCC], assuming multiple BS sending CW for RF-EH in DL spectrum

	3D
	Other gains (dB) (if any please specify)
	Reported by companies
	Reported by companies
	

	(4) MPL / distance

	4A
	MPL (dB)
	Calculated
	Calculated
	

	4B
	Distance (m)
	Calculated
	Calculated
	The coverage distance calculation considering e.g. InF-DH NLOS pathloss functions in TR38.901.
· Indoor factory path loss model in TR 38.901 is assumed by [Spreadtrum], [Ericsson], [FUTUREWEI], [Huawei], [vivo], [CMCC], [ZTE], [China Telecom], [Samsung], [Sony], [Apple], [InterDigital, Inc], [MediaTek Inc.]
· [Ericsson] consider InF-DH for Topology 1; InF-DL for Topology 2
· [Huawei]consider InF-DH NLOS for Topology 1
· [CMCC] consider InF-DH NLOS 
· [Nokia]: InF-SH or InF-DH for topology 1 and InF-SL or InF-DL for topology 2
· [CATT] consider InF for Topology 1
· [Apple] consider InF LOS for Topology 1
· InH path loss model is assumed by [Huawei], [vivo], [ZTE], [OPPO], [Sony]
· [Huawei] consider InH-Office NLOS for Topology 2
· [ZTE] consider InH_B with LOS path in Report ITU-R M.2412-0 (i.e. InH_Office in TR 38.901).
· [OPPO] consider InH_A LOS model in Report ITU-R M.2412
Uma is assumed by [CATT], [Apple] for Topology 2



Note: calculated values in the Table XXXX are derived according to the followings,
· 1E
· For D2R, and device 1/2(backscatter), whether this value is need (not regarded as an input variable but regarded as indirect variable), or based on backscatter activation power threshold
· 1M
· For R2D,  
· For D2R, 
· Device type 1: 
· Device type 2(backscatter): 
· Device type 2(active): 
· 2F: 
· 2L
· For R2D and Budget-Alt1, [2L] = [2H]
· For R2D and Budget-Alt2, [2L] = [2G]+[2F]
· For D2R and Budget-Alt2, Refer to section [xxx] (Proposal [P4-3])
· 4A
· 
· 4B is derived from pathloss model 
· Refer to section [XXX] (Proposal [P4-3-2])



	Company
	Comments

	Ericsson
	Need more time to check this carefully, but the approach seems fine in general. Some immediate comment is that an activation threshold of -45 dBm seems too low even for device type 2.
[FL2] for device 2, -45dBm is considered as an activation threshold for data reception reading from the contribution

	vivo
	We have the following questions and suggestions on the link budget template.
1, For 1H (backscatter loss) and 1K (backscatter amplifier gain), according to the description, the 1H is considered only device 1, while not for device 2. 
We are not sure, whether both should be considered for device 2, and open to here company views.
[FL2] for device 2, any penalty for backscatter loss can be reflected in the loss of backscatter amplifier gain. 

2, For 2H, there is also an activation threshold for device 2. In our understanding, the device 2 is no longer activated by RF signal, and -45dBm seems a receiver sensitivity rather than a activation threshold?
[FL2] for device 2, -45dBm is considered as an activation threshold for data reception reading from the contribution

3, For 1L, we would like to clarify the meaning of Modulation factor, and which kind of modulation type need to consider modulation factor?
[FL2] Please see contribution from Ericsson.
4, For 2L, additional row may be needed to account the performance loss due to interference caused by carrier wave.
[FL2] if it is CW outside topology, let’s discuss that in proposal P4-3

5, For 2F for R2D link: , 2B should be the Rx filter bandwidth for RF envelop detector, rather than occupied channel bandwidth at the transmitter.
[FL2] Right, should be clarified. Let’s consider adding another row?


	Lenovo
	Regarding 1E, the following text needs to be clarified. Tx power should be taken as an input variable. Fine with the parameters considered for calculating MPL and distance

	Apple
	Fine, but the activation threshold value for device type 2 is very low, based on literature review, -45dBm activation threshold seems not achievable. Is the intention here to use the energy already available at the device to be used for activating the energy harvesting unit?
[FL2] for device 2, -45dBm is considered as an activation threshold for data reception not RF energy harvesting threshold reading from the contribution.

	Nokia, NSB
	Direction is fine, but more time is needed to check the details

	Huawei, HiSilicon
	We have comments to the content in the cell of (1E, Device-to-Reader), 

· We think the “CW received power” at device side can be the Total Tx power for backscatter device, and company can report “CW received power” here as Total Tx power with claiming “emitter-to-tag distance” which captured in TR38.848

· We prefer to use same terminology in the SID for transmission generated internally by the device.

Thus, propose to make the following changes in the cell of (1E, Device-to-Reader)

· -10/-20dBm for device type 2(UL transmission generated internally active)
· FFS: CW received power Ffor device 1/2(backscatter), reported by company together with “emitter-to-tag distance”whether this value is need (not regarded as an input variable but regarded as indirect variable), or based on backscatter activation power threshold

Comments to the row of 2J, we are OK to company report which method they used and also think can do it in the following way,

· For Reader-to-Device, suggest to use Budget-Alt1, at least for backscatter device
· For Device-to-Reader, suggest to use Budget-Alt2


	Spreadtrum
	Generally fine.






[High][P4-2-v2]  
Table 3.4.2 in R1-2401735 is used as link budget template for further discussion / consideration.

	Company
	Comments

	Huawei, HiSilicon
	We understand the proposal means to return the discussion next meeting, without agreeing it this time.

Our comments to this table in previous round are still valid.

	Xiaomi
	For row 1H, ambient IoT backscattering loss, the “Note: Only for device 1”, we think the backscattering loss is also applicable to device 2a.

	Samsung
	We are generally okay with starting the discussion from such a table. However, I would like to add the following note: 

Note: Some rows may be deleted or added as per the discussion.

 Also, we believe not all companies have had the chance to provide values for each item yet. Listing the values related to the table makes it feel as though these values are the options available to us. Therefore, I think the content related to those specific values should be deleted for now.

	
	

	
	



Interference modelling in the link budget calculation
CW interference modelling
The carrier wave interference can be reflected in link budget calculation, which may have impact on the determination of uplink receiver sensitivity for backscatter communication. CW interference can be inside or outside the topology (i.e., monostatic or bistatic). 

For CW inside topology case, 
· [Qualcomm] has investigated the link budget for perfect and imperfect CW cancellation. Assuming that reader (gNB and UE) transmits CW in DL and receives UL in the same frequency and due to imperfectness of cancellation, there could be remaining interference which results in the degrade reader’s Rx sensitivity. 
· [vivo] provided a table 3 in the contribution to determine the receiver sensitivity loss.
· [MediaTek] thinks in scenarios with full-duplex interference, assume that CW interference is at least 40dB stronger than the uplink (UL) when the CW emitter is inside the UL path

For CW outside topology case, 
· [vivo] stated that the CW power leak to receiver of backscatter signal is largely degraded due to pathloss. The receiver sensitivity loss may be marginal even without RF-IC at receiver. In this case, RF-IC at receiver of backscatter signal can be avoided.
· [MediaTek] thinks in scenarios with full-duplex interference, assume that CW interference is at least 20dB stronger when the emitter is outside the UL path

[High][P4-3-v1] 
	Proposal:
For modelling the CW interference in coverage evaluation, down-select from the following alternatives,
· CWModel-Alt 1: 
· For CW inside topology, 
· Obtain required SINR from LLS as [2G],
· Obtain the remaining CW interference after CW interference cancellation from CW node Tx power [1A] and CW cancellation capability [2K], and based on it calculate the minimum receiver sensitivity [2L] according to the following formula,
· , where dB2lin(*) is function that converts dB to linear value.
· FFS: whether any reader implementation margin is needed and the value.
· For CW outside topology, assuming CW has no impact to the receiver sensitivity loss.
· CWModel-Alt 2: CW interference is simulated in the LLS, and the receiver sensitivity is determined by required SNR / SINR / Es/N0, noise power and implementation margin (if any)






Detail proposals are as follows,
	Source
	Ovservation/Proposal

	HW/Hisilicon
	Proposal 18: When companies report the backscattered signal demodulation performance (i.e. required SNR), the carrier-wave interference strength assumption at the Ambient IoT backscatter receiver is also reported.

	vivo
	Observation 7: To model receiver sensitivity loss at receiver of backscatter signal, following parameters should be reported.
· Spatial isolation between CW source and receiver of backscatter signal;
· RF IC capability at the receiver of backscatter signal, if applicable.

	CATT
	Proposal 8: The interference should be modeled, and the performance of interference cancelation algorithms should also be considered in the evaluation.
Proposal 9: Self-interference due to DL transmission and cross interference due to simultaneous transmission of multiple A-IoT devices should be considered in the modelling of UL reception at gNB/UE.

	Samsung
	Proposal 10. For evaluation purpose, consider the following aspects of interference while modeling the interference in AIoT systems.
Aspect 1: Unwanted emissions that are propagated from the aggressor’s channel to the victim’s one due to Tx non-linearity at the aggressor
Aspect 2: Receiver selectivity, where the victim’s receiver picks up unwanted signals from unassigned frequency spaces in adjacent channels. 

	NEC
	Proposal 3: Discuss the evaluation methodology for modelling the self-interference due to the DL carrier wave transmission in receiving UL from the IoT devices for backscatter communication.

	MediaTek
	Proposal 17: In scenarios with full-duplex interference, assume that CW interference is at least 40dB stronger than the uplink (UL) when the CW emitter is inside the UL path, and 20dB stronger when the emitter is outside the UL path.

	Qualcomm
	Observation 5: With imperfect CW cancellation at gNB, in T1, device 2a can provide 5dB larger max tolerable MIL than device 1.
Observation 6: With imperfect CW cancellation at gNB, in T1, device 2b can provide 15.65dB larger max tolerable MIL than device 2a.
Observation 7: With imperfect CW cancellation at UE, in T2, device 2a can provide 5dB larger max tolerable MIL than device 1.
Observation 8: With imperfect CW cancellation at UE, in T2, device 2b can provide 12.55dB larger max tolerable MIL than device 2a.



	Company
	Comments

	Ericsson
	In general, we are fine with the direction. However, many of the aspects in the proposal would be discussed in AI 9.4.2.4. For example, “CW interference after CW interference cancellation” would depend on the UL receiver, which will be discussed in AI 9.4.2.4. 

	vivo
	In our understanding, both CWModel-Alt 1 and CWModel-Alt 2 can be considered to reflect the performance loss caused by CW interference.

Receiver sensitivity loss caused by two factors, the first is IM3 cause by non-ideal LNA [ref-1], and the second is ADC saturation. 

For the first factor IM3, the loss depending on IIP3 of the LNA, and should be reflected in link budget calculation.
Actually, modelling of performance loss caused by IM3 has been studied in R18 full duplex SI (reference R4-2304433), and we can reuse the same calculation to determine the performance loss. In our paper R1-2400244, the calculation of receiver sensitivity loss due to intermodulation is provided in appendix, and copied as follows.







While the equation , seems consider all of the residual single tone carrier wave as interference, which is not correct, since the single tone interference does not have much impacts on receiver sensitivity if IM3 is not modelled, and if the power ratio between backscatter signal and residual carrier wave interference is within ADC dynamic range.

For impact on ADC quantization/saturation, the performance loss can be modelled in link level simulation. ADC quantization for backscatter signal+ residual interference signal should be modelled, and performance loss due to ADC quantization/saturation would be reflected in SNR obtained in LLS.

Besides, the performance loss due to ADC quantization is marginal if the power ratio is within the ADC dynamic range. Hence, Receiver sensitivity loss caused by IM3 seems dominant factor.

[bookmark: _Ref159141707][bookmark: _Ref159250919][ref-1]: Ali Ghahremani, V. D. Rezaei and M. Sharif Bakhtiar, “A UHF-RFID Transceiver with a Blocker-Canceller Feedback and 30 dBm Output Power”, IEEE Transactions on circuits and systems, November 2013.


	Lenovo
	Support Alt-1with comments: For CW outside the topology, still interference caused by the directly received CW and the backscattering can occur. Both links CW2R and D2R have different fading channels makes interference cancellation not optimal.

	Huawei, HiSilicon
	We prefer CWModel-Alt 2

	MediaTek
	OK for the direction of FL proposal. 
For the 2nd bullet of CWModel-Alt 1, i.e., CW outside topology, we want to keep it as FFS since whether CW has impact to the receiver sensitivity loss in this case may depend on some assumptions like the reflection loss and/or amplifier at Tag, the distance assumption of CW emitter – reader, and CW emitter – Tag – Reader, etc.

	Samsung
	First, we have to consider not only the interference from CW but also other sources, such as the interference between Uu link and A-IoT link. The difference between the two proposed alternatives seems to be whether the interferences are directly modeled in the link level simulator or if the impact of these interferences is not modeled but calculated as a loss in the minimum receiver sensitivity value.

In the case of following Budget-Alt1, where a predefined threshold is used, how can we apply CWModel-Alt 1? Moreover, the carrier wave can cause interference to the UE or tag regardless of whether it is monostatic or bistatic. The only difference is that in the case of monostatic, there can be additional self-interference.

To summarize, we prefer the Alt-2. However, before discussing how to model interferences, we believe it is necessary to first consider what factors can specifically be considered for modeling these interferences and whether the modeling of these factors can simply be reflected in the form of link-budget.




[High][P4-3-v2] 
	Proposal (a):
For modelling the CW interference in coverage evaluation, down-select from the following alternatives,
· CWModel-Alt 1: 
· For CW inside topology, 
· Obtain required SINR from LLS as [2G],
· Obtain the remaining CW interference after CW interference cancellation from CW node Tx power [1A] and CW cancellation capability [2K], and based on it calculate the minimum receiver sensitivity [2L] according to the following formula,
· , where dB2lin(*) is function that converts dB to linear value.
· FFS: whether any reader implementation margin is needed and the value.
· For CW outside topology, assuming CW has no impact to the receiver sensitivity loss.
· CWModel-Alt 2: CW interference is simulated in the LLS, and the receiver sensitivity is determined by required SNR / SINR / Es/N0, noise power and implementation margin (if any)

Proposal (b):
For modelling the CW interference in coverage evaluation, down-select from the following alternatives,
· CWModel-Alt 1: 
· For CW inside topology, 
· Obtain required SINR from LLS as [2G],
· Calculate the minimum receiver sensitivity [2L] and its degradation caused by CW interference according to the approach used for R18 full duplex SI.  FFS details.
· FFS: whether any reader implementation margin is needed and the value.
· For CW outside topology, assuming CW has no impact to the receiver sensitivity loss.
· CWModel-Alt 2: CW interference is simulated in the LLS, and the receiver sensitivity is determined by required SNR / SINR / Es/N0, noise power and implementation margin (if any)




[High][P4-3-v3] 
	Proposal (a):
For modelling the CW interference in coverage evaluation, down-select from the following alternatives,
· CWModel-Alt 1: 
· For CW inside topology, 
· Obtain required SINR from LLS as [2G],
· Obtain the remaining CW interference after CW interference cancellation from CW node Tx power [1A] and CW cancellation capability [2K], and based on it calculate the minimum receiver sensitivity [2L] according to the following formula,
· , where dB2lin(*) is function that converts dB to linear value.
· FFS: whether any reader implementation margin is needed and the value.
· FFS: companies to report CW cancellation capability [2K] or agreed on a value(s)
· For CW outside topology, assuming CW has no impact to the receiver sensitivity loss.
· CWModel-Alt 2: CW interference is simulated in the LLS, and the receiver sensitivity is determined by required SNR / SINR / Es/N0, noise power and implementation margin (if any)

Proposal (b):
For modelling the CW interference in coverage evaluation, down-select from the following alternatives,
· CWModel-Alt 1: 
· For CW inside topology, 
· Obtain required SINR from LLS as [2G],
· Calculate the minimum receiver sensitivity [2L] and its degradation caused by CW interference according to the approach used for R18 full duplex SI.  FFS details.
· FFS: whether any reader implementation margin is needed and the value.
· For CW outside topology, assuming CW has no impact to the receiver sensitivity loss.
· CWModel-Alt 2: CW interference is simulated in the LLS, and the receiver sensitivity is determined by required SNR / SINR / Es/N0, noise power and implementation margin (if any)



	Company
	Comments

	Huawei, HiSilicon
	We would like to hear FL’s clarification between the proposal there and in section 3.5.1.2

We think CW inside topology does not necessarily mean monostatic, thus, would like to further clarify even CW inside the topology, there still be both monostatic and bi/multi-static cases

(mono-static): BS which transmitting CW also receiving backscatter on that CW 
(bi-static/multi-static): BS which transmitting CW and BS which receiving backscatter on that CW are different

	vivo
	Prefer proposal(b) with modification.
For proposal (a),  which consider the residual carrier wave as interference is not suitable if the CW is single tone unmodulated wave. However, the residual single tone interference is converted to DC after down conversion, and the DC is added with OOK waveform at receiver. In this case, the OOK signal can be reliably detected from the DC+OOK if the detection threshold is properly set, as shown in following figure. The performance loss is marginal compared with consider all  as interference.



Hence, Prefer proposal (b) with the following revision
Since, R18 full duplex does not provide modelling of loss of REFSENSE due to CW interference, but provide the modelling of loss due to IM3, and also models some other impairments (e.g., ACS) may not applicable to backscatter reader. Hence, we can leave it up to company report the performance loss, and we can revisit how to model it later, e.g., with more RAN4 guidance. 

Proposal (b):
For modelling the CW interference in coverage evaluation, down-select from the following alternatives,
· CWModel-Alt 1: 
· For CW inside topology, 
· Obtain required SINR from LLS as [2G],
· Calculate the minimum receiver sensitivity [2L] and its degradation caused by CW interference according to the approach used for R18 full duplex SI or up to company report.  FFS details.
· Can be further update if RAN4 can provide the methodology to derive degradation.
· FFS: whether any reader implementation margin is needed and the value.
· For CW outside topology, assuming CW has no impact to the receiver sensitivity loss.
CWModel-Alt 2: CW interference is simulated in the LLS, and the receiver sensitivity is determined by required SNR / SINR / Es/N0, noise power and implementation margin (if any)

	
	




Other interference
Some companies consider to model the multi-cell interference and NR/LTE interference in the evaluation. 
· [ZTE] thinks interference caused by the coexistence with NR/LTE also should be taken into account in in-band and guard-band deployments. This interference can be modeled in link-level simulation to reflect the real transmission environment, thus providing a basis for physical layer design and optimization.
· [MediaTek] suggest to additionally evaluate detection performance assuming ASCS of 0dB or ACS of 31.5dB.


	Company
	Comments

	
	

	
	

	
	



Pathloss model

The coverage distance calculation considering e.g. InF-DH NLOS pathloss functions in TR38.901.
· Indoor factory path loss model in TR 38.901 is assumed by [Spreadtrum], [Ericsson], [FUTUREWEI], [Huawei], [vivo], [CMCC], [ZTE], [China Telecom], [Samsung], [Sony], [Apple], [InterDigital, Inc], [MediaTek Inc.]
· [Ericsson] consider InF-DH for Topology 1; InF-DL for Topology 2
· [Huawei]consider InF-DH NLOS for Topology 1
· [CMCC] consider InF-DH NLOS 
· [Nokia]: InF-SH or InF-DH for topology 1 and InF-SL or InF-DL for topology 2
· [CATT] consider InF for Topology 1
· [Apple] consider InF LOS for Topology 1
· InH path loss model is assumed by [Huawei], [vivo], [ZTE], [OPPO], [Sony]
· [Huawei] consider InH-Office NLOS for Topology 2
· [ZTE] consider InH_B with LOS path in Report ITU-R M.2412-0 (i.e. InH_Office in TR 38.901).
· [OPPO] consider InH_A LOS model in Report ITU-R M.2412
· UMa is assumed by [CATT], [Apple] for Topology 2

[High][P4-4-v1] 
	Proposals:
The following path model is used in the coverage evaluation. 
· For D1T1, 
· InF-DH or InF-SH defined in TR38.901 is used. 
· Decide which of the following is used,
· NLOS
· LOS
· [NLOS / LOS with probability defined in TR38.901]?
· Reported by company
· For D2T2, down-select from the following path loss models
· InF-SL or InF-DL defined in TR38.901
· InF-DH defined in TR38.901
· InH-Office LOS model defined in TR38.901, (a.k.a, InH_B in Report ITU-R M.2412-0)
· InH_A LOS model in Report ITU-R M.2412
· Reported by company



	Company
	Comments

	China Telecom
	We generally support FL proposal. Indoor factory scenario in TR 38.901 can be reused for D1T1 as a starting point. The further down-selection and discussion can be made for D2T2 topology with low priority.

	Futurewei
	Support

	Ericsson
	It is unclear if the LOS/NLOS can be different for different links (e.g., CW to R, R2D, etc,). We think this is good to clarify in the proposal.

Also, in general, we think dense scenario (DH/DL) may be a better assumption considering the high density of the IoT devices. Additionally, for D2T2, since we consider UEs as the readers, a lower antenna height (i.e., DL) makes more sense.


	vivo
	Prefer to have limited channel model options to reduce the number of cases for evaluation. 
For D1T1, prefer to consider inF-DH which is intended for dense distribution of IoT devices. 
For D2T2, prefer to prioritize InH channel. 
NLOS, which seems more challenging to achieve design target. Hence, NLOS can be prioritized over LOS channel.

	Lenovo
	Support InF-DH and Inf-SH as defined in T38.901 as baseline, both NLOS and LOS can be used

	OPPO
	For D1T1:
InF-DH could be mandatory, InF-SH as optional.
LOS could be mandatory, as typically the BS is installed on the ceiling in the factory hall. NLOS can be up to companies.

The models for D1T1 can be used for D2T2 as mandatory, others models could be up to companies.

	Nokia, NSB
	OK

	Huawei, HiSilicon
	Seems to overlap with P3-4-v1? We can reuse the same decision. Once the decision made in P3-4-v1, reuse the corresponding NLOS path-loss model defined in 38.901.

	MediaTek
	Indoor factory would be the targeted use case for A-IoT. In that sense, we think InF path loss can be considered for both D1T1 and D2T2 as a starting point.

	Spreadtrum
	Support.

	Samsung
	We are generally fine with this proposal, but open to discuss. 



[High][P4-4-v2] 
	Proposals:
The following pathloss  model is used in the coverage evaluation. 
· For D1T1, 
· InF-DH  or InF-SH defined in TR38.901 is used. 
· Decide which of the following is used for each link,
· NLOS
· LOS
· [NLOS / LOS with probability defined in TR38.901]?
· Reported by company
· FFS:InF-SH
· For D2T2, down-select from the following path loss models
· InF-SL or InF-DL defined in TR38.901
· InF-DH defined in TR38.901
· InH-Office LOS model defined in TR38.901, (a.k.a, InH_B in Report ITU-R M.2412-0)
· InH_A LOS model in Report ITU-R M.2412
· Reported by company
· Decide which of the following is used for each link,
· NLOS
· LOS
· Note: For D2T2, assumed intermediate-UE antenna height is 1.5m / [FFS: 8]m. 
· FFS: NLOS and LOS assumption can be different for different links



During the online discussion, the following is agreed,
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

FL recommend companies to express views to the down-selection

	Company
	Comments

	
	

	
	

	
	

	
	



Link level simulation assumptions
There are a great number of companies (Ericsson, HW/Hisilicon, vivo, CMCC, Nokia/NSB, CATT, ZTE, xiaomi, OPPO, China Telecom, Samsung, NEC, Lenovo) discuss on LLS for coverage evaluation. Meanwhile, several companies (CMCC, Nokia/NSB, CATT, ZTE, Lenovo, MTK) also consider using LLS for performance evaluation on PHY layer designs.

Link level simulation methodology
Sampling frequency offset (SFO) and timing error modelling
Several companies propose to consider the sampling frequency offset and timing drift model in the evaluation.
	Source
	Proposal

	CMCC
	Proposal 9: The following sampling frequency offset are considered in the evaluations,
	Parameter 
	Values

	Sampling Frequency
	1. Initial Sampling Frequency Offset (SFO) [104 ~ 105] ppm
1. Sampling frequency = 1.92 Msps 


Note: 
· The relationship between the SFO (Fe) and corresponding timing drift (ΔT) over a time(T) isΔT = ±Fe * T
· When the power is off for the device, the oscillator for sampling is no longer running and the device does not maintain any time reference.

	MediaTek
	[bookmark: p8]Proposal 8: For RF envelope detector, consider the initial sampling frequency offset (SFO) of 103ppm, 104ppm, 105ppm.
[bookmark: p9]Proposal 9: For homodyne architecture with envelop detector, consider the max sampling carrier frequency offset (CFO) and sampling frequency offset (SFO) of 10ppm and 100ppm.

	Qualcomm
	Proposal 14: RAN1 to consider three different clock types captured in the following Table 11.
Table 11 Clock assumption for A-IoT devices
	Clock #
	Description
	Applicable 
device types
	Clock speed
	Power 
consumption
	Accuracy

	Clock 1
	Sampling for sync signal detection. 
Light sleep w/ memory retention
	Device 1, 2a, 2b
	[10s] kHz to [1]MHz
	<<1uW
	[1 ~ 2]% error

	Clock 2
	Frequency shift for backscattering
	Device 1, 2a
	A few [1] MHz
	<1uW
<10s uW
	[X]% error before calibration.
[This could be calibrated based on freq sync signal.]

	Clock 3

	Reference clock for generating carrier frequency for active device.
	Device 2b
	A few [1] MHz
	10s ~ 100 uW
	[Y] % before calibration (by frequency sync signal)
After calibration target: [50]ppm



T-F drift model is proposed in Table 6: Reuse model in TR 38.869 (R18 LP-WUS).


Corresponding proposal refers to Proposal 3.4-5.

[High][Proposal 5-1-v1]
The following sampling frequency offset and timing drift model are considered in the link level simulation.
	Parameter 
	Values

	Sampling Frequency Offset (SFO)
	1. Initial Sampling Frequency Offset (SFO) [a value between 104 ~ 105] ppm
1. Sampling frequency = 1.92 Msps 

	Note: 
· The relationship between the SFO (Fe) and corresponding timing drift (ΔT) over a time(T) isΔT = ±Fe * T
· When the power is off for the device, the oscillator for sampling is no longer running and the device does not maintain any time reference.






	Company
	Comments

	Wiliot
	We support Qualcomm’s suggestion

	Futurewei
	Support 

	Ericsson
	Sampling frequency can be square brackets. The rest is fine.

	vivo
	Generally fine with the proposal. 
For ‘initial sampling frequency offset’, we understand the AIoT device may be not able calibrate the sampling frequency error. So the ‘initial’ frequency error may be a general frequency error rather than ‘initial frequency error’?

	Lenovo
	SFO should be selected separately for different device types.

	Apple
	Fine

	OPPO
	OK

	Nokia, NSB
	OK

	Huawei, HiSilicon
	We prefer 105, since the X defined in SID is same for both 1uw and 100uw devices, thus X for 1uw Device should be carefully selected as 5. We should not put stricter demands on A-IoT devices than in RFID, and rather rely on the powerful BS to do more. Note the RFID range is 4% to 22% SFO + 2.5% variation during backscattering, and depending on bandwidth. 

We are fine with the proposal on sampling frequency

	MediaTek
	The relationship between the SFO (Fe) and the corresponding timing drift needs to be further clarified. Does timing drift occur at a ratio corresponding to the maximum SFO, even after timing synchronization?

	Spreadtrum
	Support.

	Samsung
	Open to discuss

	CATT
	Fine with the proposal. Suggest including the value of the sampling frequency in bracket.



[High][Proposal 5-1-v2]
The following sampling frequency offset and timing drift model are considered in the link level simulation.
	Parameter 
	Values

	Sampling Frequency Offset (SFO)
	1. [Initial] Sampling Frequency Offset (SFO) [a value between 104 ~ 105] ppm
1. Sampling frequency = [1.92] Msps 

	Note: 
· The relationship between the SFO (Fe) and corresponding timing drift (ΔT) over a time(T) isΔT = ±Fe * T
· When the power is off for the device, the oscillator for sampling is no longer running and the device does not maintain any time reference.



FFS: CFO model, e.g., reusing CFO model defined in TR38.869 and assume maximum frequency offset [50 or 100] ppm, frequency drifting [xx] ppm/s

	Company
	Comments

	Huawei, HiSilicon
	We prefer 105, since the X defined in SID is same for both 1uw and 100uw devices, thus X for 1uw Device should be carefully selected as 5. We should not put stricter demands on A-IoT devices than in RFID, and rather rely on the powerful BS to do more. Note the RFID range is 4% to 22% SFO + 2.5% variation during backscattering, and depending on bandwidth. Thus, we can remove bracket of Initial and pick 105, whether residual SFO can be different is FFS.

We are fine with the proposal on sampling frequency

We are not clear the proposal on CFO, obviously TR38.869 is not for A-IoT device with such low power consumption.

	vivo
	In our understanding, sampling frequency may be different for DL reception and UL transmission. 
For DL detection, only timing information of the clock (number of local clock cycles with in pulse length, e.g., in frame sync) is used as reference for subsequent detection. The timing error based on clock counting is -/+1% according to RFID (TRcal error in following table).
[image: ]
For UL transmission, since UE need to modulate miller/FM0 code in certain backscatter frequency based on impedance switching, the switching frequency is obtained by further divide of the local clock, and additional sampling error is introduced in this stage [Ref *], and only applicable to D2R link. It may be up to 22%(depending on switching frequency), according to RFID spec.

Hence, we suggest 1% (10^4) for DL and ~10%(10^5) for uplink.

Besides, our understanding on, the [initial] here does not mean the AIoT device can calibrate the clock error. Instead, the [initial] here means the sampling error may have variation during backscatter transmission due to poor stability of the local clock.

[Ref *] Zheng Wang, Luhong Mao,…Design of a Passive UHF RFID Transponder Featuring a Variation-Tolerant Baseband Processor, IEEE RFID 2010

	
	

	
	



Modelling of carrier wave interference
For devices with UL backscatter transmissions, the coverage may be impacted by interferences caused by carrier wave transmissions. Companies provide views on modelling of carrier wave interference in LLS.
	Source
	Proposal

	HW/Hisilicon
	Proposal 18: When companies report the backscattered signal demodulation performance (i.e. required SNR), the carrier-wave interference strength assumption at the Ambient IoT backscatter receiver is also reported.

	vivo
	Proposal 9: Carrier wave for backscatter transmission should be modelled in link level simulation.
Proposal 10: Ratio between backscatter signal power and interference power from carrier wave, can be modelled to reflect the power difference between desired backscatter signal and interference signal.

	Nokia/NSB
	The impact of carrier wave interference needs to be investigated in link-level simulations.

	CATT
	Proposal 8: The interference should be modeled, and the performance of interference cancelation algorithms should also be considered in the evaluation.
Proposal 9: Self-interference due to DL transmission and cross interference due to simultaneous transmission of multiple A-IoT devices should be considered in the modelling of UL reception at gNB/UE.

	ZTE
	Proposal 10: Whether/how to model the interference needs to be considered for LLS simulation assumptions.

	OPPO
	[bookmark: _Ref157504844][bookmark: _Toc159252897]Proposal 9: The discussion on whether/how to model carrier wave from external node(s) should be pending for RAN1 progress on AI 9.4.2.4.

	Samsung
	Proposal 10. For evaluation purpose, consider the following aspects of interference while modeling the interference in AIoT systems.
Aspect 1: Unwanted emissions that are propagated from the aggressor’s channel to the victim’s one due to Tx non-linearity at the aggressor
Aspect 2: Receiver selectivity, where the victim’s receiver picks up unwanted signals from unassigned frequency spaces in adjacent channels. 

	NEC
	Proposal 3: Discuss the evaluation methodology for modelling the self-interference due to the DL carrier wave transmission in receiving UL from the IoT devices for backscatter communication.

	MediaTek
	[bookmark: p14]Proposal 14:	Evaluate UL performance regarding fading channel effects before tone rejection.
[bookmark: p17]Proposal 17:	In scenarios with full-duplex interference, assume that CW interference is at least 40dB stronger than the uplink (UL) when the CW emitter is inside the UL path, and 20dB stronger when the emitter is outside the UL path.


From FL’s understanding, the carrier wave interference includes self-interference and cross-link interference, which depends on inside carrier wave emitter or outside carrier wave emitter is deployed. For outside carrier wave emitter deployment, with sufficient spatial isolation, the cross-link interference could have little impact on detection performance. In addition, the bottleneck channel may be downlink. Therefore, we think that modelling of carrier wave self-interference can be considered if inside carrier wave deployment is evaluated. Corresponding proposal refers to Proposal 5-2-v1.
[High][Proposal 5-2-v1]
For coverage evaluation purpose, in case of inside carrier wave emitter deployment, self-interference of carrier wave can be modelled as an residual interference in link level simulation.
· The CW cancellation for RF-IC, BB filter is not modelled in the LLS
· Up to company to report the CW cancellation capability (dB)in the link budget template.


	Company
	Comments

	Futurewei
	What is the assumption for the CW? There is no consensus yet whether it is a single tone or multi-tone? 

	Ericsson
	This case would require full-duplex capability at the BS, and we think that this case could be precluded. 

Furthermore, if the case is the agreed for evaluation, there should be some consistency across companies regarding CW cancellation capability, which would require further study, and may need to wait for the progress in AI 9.4.2.4


	vivo
	Agree with Futurewei that CW waveform assumption should be clarified.
At least for single tone waveform, the BB filter not modelled in the LLS is fine, and the difference in required SNR is marginal, according to our evaluation. And RF-IC capability can be reflected in link budget calculation.
For CW cancellation capability (dB), RAN4 guidance may be needed. We can update these assumptions if more information obtained.

	Lenovo
	Discuss candidate values for CW cancellation capability 

	OPPO
	Fine with the direction.

	Huawei, HiSilicon	
	We support the direction of the proposal with the following update

· The CW cancellation for RF-IC, BB filter is not modelled in the LLS
· Up to company to report the CW cancellation capability (dB) and degraded Rx sensitivity in the link budget template.


	Spreadtrum
	Support.

	Samsung
	As we mentioned above, we must consider a modeling approach that can be commonly applied not only to CW self-interference but also to other types of interference. Therefore, we aim to prioritize discussions on this.

	CATT
	Fine in general. Suggest adding the single-tome assumption of the CW as the baseline.

	
	

	
	




Implementation algorithm
A few companies discuss examples on implementation algorithm for data reception, so that further alignment can be pursued on the link level evaluation.
	Source
	Proposal

	CMCC
	Proposal 13: Timing based Manchester decoding approach by capturing ascending/descending edges is adopted for link level performance evaluation.

	CATT
	Proposal 10: Demodulation algorithm corresponding to ASK, FSK, PSK and decoding algorithm for channel coding should be considered in gNB reception node modelling.
Proposal 11: In the gNB reception node modelling, information correction and decision algorithm should be considered. For example, received signal information set and decision matrix can be used when the prior information list of the A-IoT device expected responses is known in advance during the decoding.


From FL’s understanding, discussion and consensus on Manchester decoding approach, at least for the Type I device, should be considered at this stage, so that xxx. 

[Medium][Proposal 5-3-v1]
Detecting ascending/descending edges for timing based OOK Manchester decoding approach is considered in link level simulation for R2D.

	Company
	Comments

	vivo
	We agree the Manchester decoding should be based on rising edge and falling edge detection.

	Lenovo
	Support OOK/ASK. Modulation factor for link level simulation needs to be considered.

	Huawei, HiSilicon
	Let’s leave such implementation things to companies to report (if it is really need to report it).

	Samsung
	The modulation scheme is currently under discussion in Section 9.4.2.1. Therefore, it might be better to wait for what comes out of that discussion before we try to talk about specific schemes in the evaluation part. Because of this, we would suggest that companies just report on the modulation scheme they use, without us specifying which one it should be.

	
	

	
	




SINR calculation
Several companies discuss on the SINR calculation in LLS.
	Source
	Proposal

	vivo
	Observation 6: For backscatter transmission, the received power of the carrier wave at AIoT device varies across simulation samples due to different channel fading, resulting the transmission power of backscatter signal is also varied across simulation samples for a given SNR.
Proposal 11: To get constant SNR for simulation samples with different channel fading, the backscatter signal should be normalized at AIoT device.

	CMCC
	Proposal 12: The SINR for Reader to Ambient IoT device is calculated as the ratio of the followings, 
· Signal power received in the whole Ambient IoT device Rx filter band
· Noise and interference power in the whole Ambient IoT device Rx filter band

	CATT
	Proposal 5: RF signal processing algorithm e.g. SNR modeling should be taken into account.
Proposal 14: In link level simulation for A-IoT, both DL and UL SNR should be considered for dual link, the SINR calculation is the direct calculation of the Tx power from the A-IoT device over the noise. 


From FL’s perspective, at least the SINR calculation for reader-to-device link should be clarified. Whether to define SINR calculation for device-to-reader side is related to one-hop or two-hop channel modelling is considered in the evaluation. Corresponding proposal refers to Proposal 5-4-v1.
[Medium][Proposal 5-4-v1]
The SINR for reader-to-device link is defined as the ratio of signal power received in the whole device Rx filter bandwidth to the noise and interference power in the whole device Rx filter bandwidth.
· FFS power boosting limit to the reader-to-device signal power.
· FFS the SINR for device-to-reader link where the transmission power is normalized at the device side, if two-hop channel modelling is considered.
· 
	Company
	Comments

	vivo
	For SINR definition for reader to device link, since we are mainly considering OOK-1 or OOK-4 generated by OFDM generator, the same SINR definition as OFDM generated can still be used, that is SINR is defined from per RE perspective in link level simulation. While the impact of Rx filter bandwidth on total noise power can be reflected in link budget when calculating [2F] as proposed in P4-2-v1?

	Lenovo
	Support

	Huawei, HiSilicon
	We understand the interference here is not the CW, because CW will be suppressed by receiver and thus not belonging to SINR definition.

Apart from above part, we also think using signal occupied BW to define SINR is another alternative. Because the Rx filter BW is highly relied on receiver implementation choice. For example, assuming A-IoT signal occupied BW is 180kHz, company A using different Rx filter BW, will get different SNR which is hard to compare. Thus using signal occupied signal to define SNR seems also reasonable.

	
	

	
	



[Medium][Proposal 5-4-v2]
The SINR for reader-to-device link is defined as the ratio of signal power received in the [whole device Rx filter bandwidth / signal occupied BW] to the noise and interference power in the whole device [Rx filter bandwidth / signal occupied BW].
· FFS power boosting limit to the reader-to-device signal power.
· FFS the SINR for device-to-reader link where the transmission power is normalized at the device side, if two-hop channel modelling is considered.

Channel Modelling of backscatter link
For a device with UL backscatter transmissions, a carrier wave is firstly fed into the impedance matching network through the antenna and is subsequently modulated by impedance switching. It indicates that a backscatter signal received at reader side experienced both DL channel and UL channel. Several companies provide their views on the modelling of backscatter link. Some believe that the backscatter channel can be modelled independently from the carrier wave, while the other propose to consider dual link to represent the backscatter link.
	Source
	Proposal

	HW/Hisilicon
	Observation 1: The wireless channel corresponding to the carrier wave and backscattered signal transmission is assumed to be independent from each other.
Observation 2: For carrier waves with single-tone waveform, the modeling of the backscattered signal is similar to the conventional transmitted signal modulated by the internal carrier wave, which means that the conventional link-level simulation methodology can be reused for the evaluation of the receiver performance of Ambient IoT uplink.

	CMCC
	Proposal 11: For link level performance evaluation, the following channel models are assumed,
· Chanel models TDL-A/C/D as in TR 38.901, assuming a delay spread of 20ns and speed of 1km/h. 
· FFS: Other channel model, e.g., two-hop channel model (convolution of two TDL-C channel).
· FFS: Impact of backscattering from both devices and environment.

	CATT
	Proposal 1: The evaluation methodology of A-IoT should consider the dual links to emulate the responsive communication procedure among transmitter node, A-IoT device and reception node.

	ZTE
	Proposal 9: Modeling of backscatter channel or signal should be defined for LLS simulation assumptions.
· TDL-D or TDL-E could be considered for fading propagation.


In FL’s views, whether to consider two-hop channel model for backscatter link is related to the potential simulation complexity, and the intensity of the impact on link performance. Modelling of backscatter link independent of carrier wave link can be considered as baseline in the evaluation. Please refer to Proposal 5-5-v1.

[Medium][Proposal 5-5-v1]
	Proposal:
In the link level simulation, TDL channel model for backscatter link independent of carrier wave link is as the baseline.
· FFS: which TDL model is used.


· 
	Company
	Comments

	vivo
	Support. And TDL-A 30ns is assumed for indoor in TR38.830, and we suggest to reuse the same assumption.

	Lenovo
	Support. 

	Nokia, NSB
	OK

	Huawei, HiSilicon
	We support this, and suggest to pick TDL-A.

	
	




Link level simulation assumption
Summary of inputs
LLS evaluation assumption for coverage evaluation
Based on the submitted contributions in this meeting, the following parameters are considered in LLS for coverage evaluation:
	Parameters
	Assumptions by sources

	Carrier frequency
	· Refer to link budget template

	SCS
	· 15 kHz [vivo], [xiaomi], [OPPO], [Qualcomm], [CMCC]
· 30 kHz [xiaomi], [Qualcomm]

	Bandwidth 
	Reader-to-device link
	· 180 kHz [vivo], [Nokia/NSB], [ZTE], [OPPO], [Samsung], [Lenovo], [Comba], [MediaTek], [Qualcomm, for 15 kHz SCS]
· 2/4/6/8 PRBs [xiaomi], [Qualcomm, for 15 kHz SCS]
· 200/360 kHz [Lenovo]
· 4.32 MHz [vivo]
· 1.25 MHz [CATT]
· 1 MHz [Lenovo]
· 360 kHz ~ 4.32 MHz [Qualcomm, for 30 kHz SCS]

	
	Device-to-reader link
	· 1.25 MHz [CATT]
· 2/4/6/8 PRBs [xiaomi]

	RF filter bandwidth
	· 20 MHz [vivo, for RF ED], [OPPO, for RF ED], [Lenovo], [Qualcomm]
· 10 MHz [OPPO, for RF ED], [Lenovo]
· 5 MHz [vivo, for IF/BB ED], [Lenovo]

	Waveform
	· OOK waveform generated by OFDM modulator [vivo, for Reader-to-device link]
· Backscatter modulated wave [xiaomi], [Qualcomm, for Type 1 and Type 2 semi-passive device]
· Singel tone [Qualcomm, for Type 2 active device]

	Modulation
	· OOK [vivo], [CATT], [xiaomi], [MediaTek], [Qualcomm, for Reader-to-device link]
· FSK [CATT for Device-to-reader link]
· PSK [Qualcomm, for Device-to-reader link]

	Line code
	Reader-to-device link
	· Manchester [vivo], [CATT], [xiaomi], [MediaTek], [Qualcomm]
· PIE [CATT], [xiaomi]

	
	Device-to-reader link
	· Miller [vivo], [CATT], [Qualcomm]
· FM0 [CATT], [Qualcomm]

	FEC
	· Polar/CC [Qualcomm]

	Channel model
	· TDL-A NLOS [Ericsson, for Reader-Device link], [HW/Hisilicon], [CMCC], [CATT], [Qualcomm]
· TDL-B NLOS [CMCC],
· TDL-C NLOS [vivo], [CMCC], [CATT], [xiaomi], [OPPO]
· TDL-D LOS [Ericsson, for CW emitter-Device link], [CATT], [xiaomi], [OPPO], [Qualcomm]
· TDL-E LOS [CATT]

	Delay spread
	· 300 ns [Ericsson], [CATT], [xiaomi]
· 143 ns [HW/Hisilicon], 
· 30 ns [vivo], [xiaomi], [OPPO]
· 20 ns [CMCC]
· 39 ns [Qualcomm]

	Device velocity
	· 3 km/h [Ericsson], [HW/Hisilicon], [CATT], [xiaomi], [Apple]
· 1 km/h [CMCC]
· 10 km/h [CATT], [xiaomi], [OPPO]

	Reference data rate
	· 0.1 kbps [Ericsson], [HW/Hisilicon], [Samsung]
· 7/14/112 kbps [vivo, for Reader-to-device link]
· 5 kbps [vivo, for Device-to-reader link]
· 14 kbps ~ 100 kbps [OPPO]
· 2 kbps [Apple]
· 5~640 kbps [Qualcomm, for Device-to-reader link]

	Message size
	Reader-to-device link
	· 96 bits [HW/Hisilicon], [Qualcomm]
· Preamble/frame-sync + 48 bits payload + 8 bits CRC [vivo],
· 1000 bits [Semteck], [Apple]
· 16, 32, 64, 128, 512, 1024 bits [Qualcomm]

	
	Device-to-Reader link
	· 96 bits [HW/Hisilicon], 
· Preamble + 40 bits payload + 11 bits CRC [vivo]
· 1000 bits [Semteck], [Apple]
· 16, 32, 64, 128, 512, 1024 bits [Qualcomm]

	MDR/FAR assumption
	· MDR for DL <= 1% [vivo]
· FAR for DL <= 1% [vivo], [Qualcomm]

	Number of Tx/Rx chains for Ambient IoT device
	· 1 [Ericsson], [HW/Hisilicon], [CMCC], [CATT], [OPPO], [Qualcomm]
· 2 [Qualcomm, for FDD DL and UL respectively]

	BS
	Number of antenna elements
	· 2 or (optional) 4 antenna elements, with (M,N,P,Mg,Ng) = (1,1,2,1,1) or (M,N,P,Mg,Ng) = (2,1,2,1,1) [HW/Hisilicon], [MediaTek]
· 64 [CATT]
· 16 antenna elements, with (M,N,P,Mg,Ng) = (4,2,2,1,1) [OPPO]
· 1 antenna element [InterDigital], [MediaTek]

	
	Number of TXRUs
	· 2 [Ericsson], [HW/Hisilicon as baseline], [Nokia/NSB], [OPPO]
· 4 [HW/Hisilicon as optional], [OPPO]
· 1 [CATT]

	
	Antenna gain modelling
	· TDL channel model option 2* in TR 38.830 [HW/Hisilicon]
*TDL channel model option 2: number of gNB RF chains in LLS = number of TXRUs

	Intermediate node UE
	Number of antenna elements
	· 1 or 2 [HW/Hisilicon], 
· 32 [CATT]
· 1 [InterDigital]

	
	Number of TXRUs
	· 2 [Ericsson], [OPPO]
· 1 or 2 [HW/Hisilicon], 
· 1 [Nokia/NSB], [CATT], 
· 1T/2R [Nokia/NSB]

	Carrier wave interference 
	· Signal strength up to each company to report [HW/Hisilicon]
· 40 dB for self-interference [vivo], [MediaTek]
· 20 dB for cross-link interference [MediaTek]

	Sampling frequency
	· 1.92 MHz [vivo, for Type 1 device], [CMCC, for Type 1 device]
· 3.84 MHz [vivo, for Type 2 device]
· 1 MHz [Qualcomm, for Type 1 device]
· 10 MHz [Qualcomm, for Type 2 device]

	ADC bit width
	· 1 bit [vivo, for Type 1 device], [xiaomi], [Qualcomm, for Type 1 device]
· 4 bit [vivo, for Type 2 device], [xiaomi], [Qualcomm, for Type 2 device]
· 11 bit [vivo, for reader]



LLS evaluation assumption for others
As the first meeting of study item, majority companies discuss on the simulation assumptions for coverage evaluation. In addition, from reviewing the submitted contributions, following views on link performance evaluation is proposed.
	Source
	Proposal

	MediaTek
	[bookmark: p4]Proposal 4: Evaluate synchronization performance related to preamble design 
[bookmark: p5]Proposal 5: Evaluate detection and demodulation performance related to waveform, payload, CRC, and optional FEC design
[bookmark: p6]Proposal 6: Evaluate RF envelop detector by BB equivalent simulation using a wide LPF. Specifically, consider a 1-order LPF with a cut-off frequency at 5MHz.
[bookmark: p7]Proposal 7: Evaluate homodyne receiver by BB equivalent simulation using a narrow LPF. Specifically, consider a 3-order LPF with a cut-off frequency at 180kHz.
[bookmark: p10]Proposal 10: Evaluate CDF of timing error after synchronization for given preamble design
[bookmark: p11]Proposal 11: Evaluate detection performance regarding residue timing error after synchronization over preamble.
[bookmark: p12]Proposal 12: Evaluate detection performance assuming 5-order Butter with 180K cut off at tag reader in UL reception.



Proposals
[High]Proposal 5.2-1-v1
Adopt the following table of coverage evaluation assumptions in link level simulation.
Table XXX: Coverage evaluation assumptions
	Parameters
	Assumptions 

	Carrier frequency
	Refer to link budget template

	Bandwidth
	Companies to report
· [180 kHz], FFS other BW

	RF filter bandwidth
	[20 MHz]

	Waveform
	[bookmark: _Hlk159878723]Reader-to-device link: OOK waveform generated by OFDM modulator
Device-to-reader link: Backscatter modulated wave for device Type 1 and Type 2 semi-passive device; Single carrier for Type 2 active device

	Modulation
	OOK, FFS PSK FSK

	Line code
	Companies to report, e.g.,
For R2D, Manchester coding or PIE
For D2R, Miller or FM0

	FEC
	For R2D, no FEC
For D2R, CC or no FEC

	Channel model
	[TDL-A/C] NLOS

	Delay spread
	[FFS]

	Device velocity
	3 km/h

	Reference data rate
	· Regarding LLS for coverage evaluation: [0.1kbps]
· FFS other values for LLS


	Message size
	· Regarding LLS for coverage evaluation: [96bits]
· FFS other values for LLS


	BLER
	1%

	Number of Tx/Rx chains for Ambient IoT device
	1

	BS
	Number of antenna elements
	[2 or 4 antenna elements, with (M,N,P,Mg,Ng) = (1,1,2,1,1) or (M,N,P,Mg,Ng) = (2,1,2,1,1)]

	
	Number of TXRUs
	[2 or 4]

	Intermediate node UE
	Number of antenna elements
	[1 or 2]

	
	Number of TXRUs
	[1 or 2]

	Carrier wave interference
	[FFS]

	Sampling frequency
	Refer to [Proposal5-1]

	ADC bit width
	1 bit for Type 1 device; 4 bit for Type 2 device





	Company
	Comments

	China Telecom
	We support to adopt the above table of coverage evaluation assumptions for further discussion. Regarding the carrier frequency, we think at least 800MHz, 1.8GHz, 2.1GHz needs to be considered for FDD spectrum. In addition, for OOK waveform, OOK-1 or OOK-4 with M should be further decided or reported by companies.

	Ericsson
	Wait for progress in AI 9.4.2.1.

	vivo
	Generally fine.
Regarding reference data rate for LLS, the 0.1kbps is too low in our understanding. It comes from user experience data rate RAN TR.
In signal channel design and coverage evaluation, instant data rate within a DL UL channel duration seems more relevant. In RFID, the minimum instant data rate is more than 20kbps for DL, and about 5kbps for UL. So we suggest to define comparable data rates in RFID for evaluation purpose, and we can revisit this assumption based on outcome of AI9.4.2.1 or AI 9.4.2.3.

	OPPO
	For R2D, instead of no FEC, simple block coding as used in WUR of 802.11ba can be considered to improve DL coverage, e.g., bit “0” is encoded as “10”, bit “1” is encoded as “01”.

As commented above, LOS may be more typical in indoor factory scenario, TDL-D should be used.

	Huawei, HiSilicon
	We are wondering if RF filter BW is to be there, we also need to have BB filter BW included. Or to remove the RF filter BW row.

For delay spread, suggest to pick one as start point this meeting, we proposed 143 ns, but we have flexibility.

For channel model, we prefer to pick one: TDL-A

For BLER, we suggest to keep it as PDSCH/PUSCH normally used as 10%, otherwise the 1% seems unjustified at this stage.

It seems there are some design points implied here (waveform, modulation, line code, …), which may be difficult since those belong to other AIs. For those not yet converged in this meeting, it can be temporarily left to companies to report, and updated later.

	MediaTek
	For a few hundred µW tag, we think a BB LPF could be considered. For example, a 3rd-order Butterworth LPF with a cut-off frequency at 180kHz could be used for LLS assumption.

	Samsung
	We are open to discussion. However, the specifics of the transmission scheme may be able to wait for the discussions in 9.4.2.1. Additionally, we do not agree with directly including the RF filter BW. Their impact can be considered while discussing adjacent channel interference.

	
	




[High]Proposal 5.2-1-v2
Adopt thThe following table of coverage evaluation assumptions in link level simulation is for further consideration.
Table XXX: Coverage evaluation assumptions
	Parameters
	Assumptions 

	Carrier frequency
	Refer to link budget template

	Bandwidth
	Companies to report
· [180 kHz], FFS other BW

	FFS: RF filter bandwidth
	[20 MHz]

	BB filter bandwitdh
	BB LPF with cutoff frequency at [XX kHz] and Y-order [Butterworth] LPF

	Waveform
	Reader-to-device link: OOK waveform generated by OFDM modulator
Device-to-reader link: Backscatter modulated wave for device Type 1 and Type 2 semi-passive device; Single carrier for Type 2 active device

	Modulation
	OOK, FFS PSK FSK

	Line code
	Companies to report, e.g.,
For R2D, Manchester coding or PIE
For D2R, Miller or FM0

	FEC
	For R2D, no FEC
For D2R, CC or no FEC

	Channel model
	[TDL-A/C] NLOS

	Delay spread
	[FFS]

	Device velocity
	3 km/h

	Reference data rate
	· Regarding LLS for coverage evaluation: [0.1kbps]
· FFS other values for LLS


	Message size
	· Regarding LLS for coverage evaluation: [96bits]
· FFS other values for LLS


	BLER
	1%

	Number of Tx/Rx chains for Ambient IoT device
	1

	BS
	Number of antenna elements
	[2 or 4 antenna elements, with (M,N,P,Mg,Ng) = (1,1,2,1,1) or (M,N,P,Mg,Ng) = (2,1,2,1,1)]

	
	Number of TXRUs
	[2 or 4]

	Intermediate node UE
	Number of antenna elements
	[1 or 2]

	
	Number of TXRUs
	[1 or 2]

	Carrier wave interference
	[FFS]

	Sampling frequency
	Refer to [Proposal5-1]

	ADC bit width
	1 bit for Type 1 device; 4 bit for Type 2 device



	Company
	Comments

	Huawei, HiSilicon
	We understand the proposal means to return the discussion next meeting, without agreeing it this time.

If possible, we could further make progress during this meeting, our suggestion as follows:

For delay spread, suggest to pick one as start point this meeting, we proposed 143 ns, but we have flexibility.

For channel model, we prefer to pick one: TDL-A

For BLER, we suggest to keep it as PDSCH/PUSCH normally used as 10%, otherwise the 1% seems unjustified at this stage.

It seems there are some design points implied here (waveform, modulation, line code, …), which may be difficult since those belong to other AIs. For those not yet converged in this meeting, it can be temporarily left to companies to report, and updated later.

	vivo
	And TDL-A 30ns is assumed for indoor in TR38.830, and we suggest to reuse the same assumption.
For reference data rate, we prefer to remove 0.1kbps, since it is even far worse compared with RFID.

	Samsung
	We think it makes sense to wait for discussions in other AIs, such as 9.4.2.1, before finalizing some of the transmission schemes. Therefore, we could encourage companies to report this now and down select these options later.

Additionally, I don't think the BB filter bandwidth needs to be defined in this table. The BB filter bandwidth can be closely associated with interference, especially in the case of coexistence scenario. Thus, it would be appropriate to define this during discussions on modeling interference.

	
	




Others 
System level evaluation and Numerical analysis
Traffic model
[Qualcomm]
Proposal 8: RAN1 introduce inventory traffic model as follows.
· Periodic inventory request from A-IoT server with periodicity of [15] min.
· Reader generation multiple inventory queries over multiple rounds to read A-IoT devices.
· The query generation timing depends on the random-access procedure.
· Reader generates multiple queries until inventory timer expires, or reader decides to stop inventory process early (due to no more reading).

[Semtech]
RAN1 evaluation assumptions shall include traffic models with bursty device access. 


Latency evaluation

[CATT]
Numerical analysis can be used in delay evaluation for A-IoT. 
[ZTE]
Proposal 5: The methodologies of connection density and latency evaluation for device-specific service and device group-based service can be considered. 

Power Model
[bookmark: _Ref158621759]RF Energy Harvesting Model
[Qualcomm]
Proposal 9: RAN1 consider RF energy harvesting in its evaluation.
Proposal 10: RAN1 to use PCE curve (or table) to study the impact of charging during inventory process.

Power Model
[Qualcomm]
Proposal 15: Adopt power model captured in Table 12.


[image: A blue rectangle with white text

Description automatically generated]
[bookmark: _Ref158722528]Figure 14 Example state transition of A-IoT device

[bookmark: _Ref158722565]Table 12 Power model for A-IoT device
	[bookmark: _Hlk158716559]Device State
	Description
	Power consumption
	Note

	WUR power detection
	Incident rx power level is detected
	[0.01]
	

	WUR sequence detection
	T-Sync detection 
	[1, 2]
	Additional power needed to run sequence correlator

	Rx (demod)
	Device 1
	[1]
	FL control/data reception and processing

	
	Device 2
	[10, 50, 100, 150,  200, 400]
	

	Tx
	Device 1
	[1]
	BL reflection for device 1/2a or active signal transmission for device 2b. Device 2a could also use reflection amplification.

	
	Device 2
	[100, 200, 300, 400, 500]
	

	[bookmark: _Hlk160628515]Light Sleep
	Working clock is running.
Memory in retention mode.
	[0.1, 0.2, 0.5]
	Sleep between e.g., query and query in inventory process

	Off (for cold start)
	Device is completely off.
No memory retention.
No clock running.
No Rx/Tx.
Energy is being harvested.
	0
	

	Deep Sleep (for warm start)
	No memory retention.
No Rx/Tx.
	[0.003, 0.005, 0.01]
	Half of energy storage is full. Harvesting for warm start.

	Charging
	Energy can be harvested.
	[Y1, Y2, Y3, … ]
	Whether to support simultaneous EH and other function (WUS/Rx/Tx/etc) depends on device architecture, RFFE assumptions.
Y values are negative numbers and depend on energy harvesting efficiency and incident power level

	Note: Power consumptions numbers are just for evaluation purpose.




Evaluation results

Coverage results
Contributions [R1-2400056,R1-2400087,R1-2400113, R1-2400329,R1-2400361, R1-2400855，R1-2400885，R1-2401014，R1-2401156，R1-2401180，R1-2401443] have give preliminary coverage evaluation results mainly based on link budget considering different Deployment Scenarios and Topologies, different CW assumption (Inside CW/outside CW, or monostatic/bistatic topology, different links, different device types, different CW spectrum direction, etc. However, the results may diverse due to different assumptions on related parameters, and further evaluation and conclusion can be done after agreements on coverage evaluation methodology and detail parameters,

LLS performance

[R1-2400329, R1-2401443, R1-2400885] provides some initial link level demodulation performance for downlink or uplink. 
[R1-2400329] gives initial performance results considering different TBS.
[R1-2401443] provides initial basic evaluation results showing the impact of ASCI, Guard RB size, ACI, and practical comparator modeling,
 [R1-2400885] provides initial Performance evaluation for Ambient IoT UL considering 
· The effect of Modulation factor M
· The effect of reflection amplifier at the passive Ambient IoT device
· The effect of time error on backscattered signal
· The effect emitter distance

Coexistence results

[R1-2400056] provides initial coexistence evaluation to examine whether guard PRBs are needed for in In-band deployment scenario.
[R1-2400244] analyzes the feasibility of UL co-existence between AIoT and NR considering in-band emission and adjacent channel leakage power from NR UL
The above two contributions seems to give different coexistence conclusion, more study is needed.

others

[Nokia]
[bookmark: Proposal23505]Proposal 3: Include analysis of Ambient IoT device form-factor/industrial design constraints and associated impact on antenna performance, link budget and polarization mismatch over frequency in the RAN1 study.

[Huawei][CMCC] wants to Clarification of the ‘co-site’ in the SID.


	Company
	Comments

	Lenovo
	Support

	
	

	
	




LS to RAN4
[Ericsson]
[bookmark: _Toc159249234]RAN1 focuses on defining the deployment scenarios and identifying the key system parameters. 
[bookmark: _Toc159249263]If RAN1 reaches consensus, send an LS to RAN4 with basic evaluation assumptions.
[CMCC]
Proposal 16: RAN1 discuss and decide RAN1 interested deployment scenarios within Table 2.1-1, then send an LS to RAN4 and RAN4 to evaluate the Ambient IoT to NR coexistence.

FL will further prepare and update this part later.


	Company
	Comments

	Huawei, HiSilicon
	We are supportive for this. RAN1 only needs to identify scenarios and assumptions, coexistence work should be up to RAN4.

	
	

	
	




SID
This study targets a further assessment at RAN WG-level of Ambient IoT, a new 3GPP IoT technology, suitable for deployment in a 3GPP system, which relies on ultra-low complexity devices with ultra-low power consumption for the very-low end IoT applications. The study shall provide clear differentiation, i.e. addressing use cases and scenarios that cannot otherwise be fulfilled based on existing 3GPP LPWA IoT technology e.g. NB-IoT including with reduced peak Tx power.
General Scope
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).
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.

The following objectives are set, within the General Scope:
3. Evaluation assumptions
b) 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
c) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
d) 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]
e) 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.

4. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
Study the feasibility and required functionalities for proximity determination (coordination with SA3 is required for privacy aspects).
· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation. 
       For Topology 2, no difference in physical layer design from Topology 1.
· RAN2-led:
· Study and decide which functions are needed for an Ambient IoT compact protocol stack and lightweight signalling procedure to enable DO-DTT and DT data transmission, and study those functions.
For example:
· Paging
· Random access
· Data transmission, including necessary radio resource control aspects, respecting the limitation in the General Scope 
· Interactions with upper layers
For functionalities not listed above, they are studied only if found essential.
· RAN3-led:
· Identify necessary impacts on signaling and procedures for CN-RAN interface, to enable:
· Paging  
· Device context management
· Data transport
· Identify RAN architecture aspects, including whether support for split architecture is necessary.
· Identify potential solutions for locating an Ambient IoT device with no specification impact, e.g. reusing existing user location report, or minimal specification impact to convey location information to core network.
· RAN4-led:
· Coexistence study of Ambient IoT and NR/LTE.
· RF requirements study for Ambient IoT:
· Ambient IoT BS transmission and reception
· Ambient IoT Device, as per the General Scope, transmission and reception
· Intermediate node (UE), as per the General Scope, transmission and reception

RAN2 and RAN3 are expected to identify RAN-CN functional split in coordination with SA2.

Note: This study shall target for an IoT segment well below the existing 3GPP IoT technologies, e.g. NB-IoT, eMTC, RedCap, etc. The study shall not aim to replace existing 3GPP LPWA technologies.
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TReal® BLF: Link Frequency Tolerance  Frequency Tolerance  Frequency variation

(s +/- 1%) Frequency (kHz) FrT (nominal temp)  FrT (extended temp)  during backscatter
64/3 333 640 +/-15% +/-15% +/-2.5%
33.3 < TReal < 320 < BLF < +/-22% +/-22% +/-2.5%
66.7 640
66.7 320 +/-10% +/-15% +/-2.5%
66.7 < TRcal < 256 < BLF < +/-12% +/-15% +/-2.5%
833 320
833 256 +/-10% +/-10% +/-2.5%
83.3 < TRcal < 160 < BLF < +/-10% +/-12% +/-2.5%
133.3 256
133.3 < TReal < 107 < BLF < +/-7% +/-7% +/-2.5%
200 160
200 < TRecal < 225 | 95 <BLF <107 | +/-5% +/-5% +/-2.5%
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