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At the RAN1#116 meeting, the following agreements were made for evaluation assumptions for A-IoT [1]. 
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 interference
· FFS: 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
Conclusion
Companies are encouraged to consider Table 3.4.2 in R1-2401735 for their contributions to RAN1#116bis regarding link budget template.
In the contribution, we present our views on deployment scenarios and evaluation assumptions for A-IoT. Our views on frame structure and timing aspects, and downlink and uplink channel/signal aspects and waveform characteristics of carrier-wave for A-IoT system design are described in our companion contributions [2], [3] and [4], respectively.
Discussions on deployment scenarios for evaluation 
At the RAN1#116 meeting, the following A-IoT device types have been identified for study [1]:
· Device 1: ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither R2D nor D2R amplification in the device. The device’s D2R transmission is backscattered on a carrier wave provided externally.
· Device 2a: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both R2D and/or D2R amplification in the device. The device’s D2R transmission is backscattered on a carrier wave provided externally.
· Device 2b: ≤ a few hundred µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, both R2D and/or D2R amplification in the device. The device’s D2R transmission is generated internally by the device.
Further, as indicated in the SID, the following deployment scenarios and topologies have been identified for study [5], as shown in the Figure 1. 
· 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
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[bookmark: _Ref158031195]Figure 1. Deployment scenarios and topologies for A-IoT system
In this section, we present our views on deployment scenarios for Topology 1 and 2. 
Deployment scenario in Topology 1
For Topology 1, one important aspect for A-IoT system design and performance evaluation is to determine whether R2D, D2R and CW signal are transmitted in DL or UL spectrum, respectively. At the RAN1#116 meeting, it was agreed that the following cases can be studied when D2R backscattering is transmitted in the same carrier as CW signal for topology 1 [1]:
· Case 1-1: CW is transmitted from inside the topology, transmitted in DL spectrum
· Case 1-2: CW is transmitted from inside the topology, transmitted in UL spectrum
· Case 1-4: CW is transmitted from outside the topology, transmitted in UL spectrum
As described in our companion contribution [4], Case 1-4 (CW is transmitted from outside the topology, transmitted in UL spectrum) is prioritized for A-IoT system design for Topology 1. This is primarily due to the fact that Case 1-1 and 1-2 may violate the regulatory requirements, i.e., in some regions, A-IoT device and base station may be prohibited from transmitting the signals in the DL and UL spectrum, respectively. In addition, Case 1-2 indicates that gNB may need to operate in a full duplex mode for D2R reception and CW signal transmission within the same UL spectrum, thereby significantly increasing implementation complexity.
Regarding D2R transmission, it is evident that A-IoT device may only be allowed to transmit the signal in the UL spectrum. However, for R2D transmission, two options can be considered as follows:
· Option 1: R2D is transmitted in the DL spectrum
· Option 2: R2D is transmitted in the UL spectrum
Following the same design principle as for CW and D2R transmission, it would be more reasonable to support Option 1, i.e., R2D transmission in the UL spectrum. As discussed in the following section, both R2D and D2R transmission in the UL spectrum may be considered for Topology 2. In order to maintain a unified design for both Topology 1 and 2, R2D transmission in the UL spectrum may also be considered. However, further investigation is necessary to determine whether this would comply with regulatory requirements, i.e., whether base station is allowed to transmit the R2D channel/signal in the UL spectrum. 
Proposal 1:
· For Topology 1, the following deployment scenario can be prioritized. 
· R2D is transmitted in the DL spectrum
· D2R and CW signal are transmitted in the UL spectrum 
· Further study whether R2D channel/signal can be transmitted in the UL spectrum.

Further, depending on whether gNB serves as both reader and CW source or external CW source in considered, the following deployment scenarios can be considered for A-IoT system design and performance evaluations for Topology 1:
· Case 1-A: for A-IoT device 1 and 2a, same gNB serves as reader for R2D and D2R and CW source.
· Case 1-B: for A-IoT device 1 and 2a, two gNBs may serve as readers for R2D and D2R, respectively, and one gNB serves as CW source
· Case 1-C: for A-IoT device 1 and 2a, gNB serves as reader for R2D and D2R, external node serves as CW source
· Case 1-D: for A-IoT device 1 and 2a, two gNBs may serve as readers for R2D and D2R, respectively, and external node serves as CW source
· Case 1-E: for A-IoT device 2b, gNB serves as reader for R2D and D2R
Figure 2 illustrates deployment scenario Case 1-A for Topology 1. In this deployment scenario, the base station needs to transmit the CW signal while receiving the D2R channel/signal from the A-IoT device simultaneously within the uplink (UL) spectrum. This requires a full duplex operation mode at the base station, which inevitably adds complexity to the implementation. 
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[bookmark: _Ref162123607]Figure 2. Deployment scenario for Topology 1: Case 1-A

Figure 3 illustrates deployment scenario Case 1-B for Topology 1. In this deployment scenario, base station transmitting the R2D channel/signal to the A-IoT device is different from the base station receiving the D2R channel/signal from the A-IoT device. In addition, the base station may serve as both the reader for R2D transmission in the DL spectrum and as the CW source for CW signal transmission in the UL spectrum. It is evident that this deployment scenario can alleviate the issue of full duplex operation in deployment scenario Case 1-A. However, timely information exchange between the base stations regarding the transmission of R2D and the reception of D2R signal/channel is necessary, which would complicate the system design substantially. Further, careful deployment of these two base stations needs to be considered to ensure good coverage for both D2R and R2D transmission. 
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[bookmark: _Ref162335451]Figure 3. Deployment scenario for Topology 1: Case 1-B

Figure 4 illustrates deployment scenario Case 1-C for Topology 1. In this deployment scenario, an external CW node is deployed to transmit the CW signal so that A-IoT devices can perform backscattering on the D2R transmission. Similar to the deployment scenario Case 1-B, full duplex functionality is not needed at the base station side, thereby simplifying the implementation effort. It should be noted that CW node can be carefully placed in the network so as to achieve good system performance by improving the coverage for CW reception and controlling interference to the reader. This may be realized by placing the CW node in close proximity to the A-IoT device.
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[bookmark: _Ref162336286]Figure 4. Deployment scenario for Topology 1: Case 1-C

Figure 5 illustrates deployment scenario Case 1-D for Topology 1. This is an extension of the deployment scenario Case 1-B, where an external CW node is deployed to transmit the CW signal. As mentioned above, this scenario is not preferred due to the complicated system design, especially considering the information exchange between two base stations on the regarding the transmission of R2D and the reception of D2R signal/channel. 
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[bookmark: _Ref162336624]Figure 5. Deployment scenario for Topology 1: Case 1-D

Figure 6 illustrates deployment scenario Case 1-E for Topology 1. It should be noted that this deployment scenario is targeting for A-IoT device 2b that can generate the signal internally. It is straightforward that R2D and D2R channel/signal are transmitted in the DL and UL spectrum, respectively, which follows the same design principle as in Uu link. 
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[bookmark: _Ref162336373]Figure 6. Deployment scenario for Topology 1: Case 1-E

Based on the discussions above, in our view, the deployment scenarios Case 1-C for A-IoT device 1 and 2a and Case 1-E for A-IoT device 2b can be prioritized for A-IoT system design and performance evaluations：
· For A-IoT device 1 and 2a, gNB serves as reader for R2D and D2R, while external node serves as CW source
· For A-IoT device 2b, gNB serves as reader for R2D and D2R
Proposal 2:
· For Topology 1, the following deployment scenario can be prioritized. 
· For A-IoT device 1 and 2a, gNB serves as reader for R2D and D2R, while external node serves as CW source
· For A-IoT device 2b, gNB serves as reader for R2D and D2R

Deployment scenario in Topology 2
At the RAN1#116 meeting, it was agreed that the following cases can be studied when D2R backscattering is transmitted in the same carrier as CW signal for topology 2 [1]:
· Case 2-2: CW is transmitted from inside the topology (i.e., intermediate UE), transmitted in UL spectrum
· Case 2-3: CW is transmitted from outside the topology, transmitted in DL spectrum 
· Case 2-4: CW is transmitted from outside the topology, transmitted in UL spectrum
As discussed in our companion contribution, Case 2-4 (CW is transmitted from outside the topology, transmitted in UL spectrum) is prioritized for A-IoT system design for Topology 2 [4]. This is primarily due to the fact that regulatory requirement may be violated for Case 2-3, and complex full duplex functionality may be implemented at UE side for Case 2-2. 
Similar to sidelink communication, it is more appropriate to allocate the R2D and D2R transmission within the UL spectrum, which is aligned with the regulatory requirements. In this scenario, half-duplex constraint may need to be considered at UE side regarding the transmission of R2D and reception of D2R channel/signal for A-IoT communication. 
Proposal 3:
· For Topology 2, the following deployment scenario is prioritized. 
· R2D, D2R and CW signal are transmitted in the UL spectrum 

Further, the following deployment scenarios can be considered for A-IoT system design and performance evaluations for Topology 1:
· Case 2-A: for A-IoT device 1 and 2a, UE serves as reader for R2D, D2R and CW source.
· Case 2-B: for A-IoT device 1 and 2a, UE serves as reader for R2D and D2R, and external node serves as CW source
· Case 2-C: for A-IoT device 2b, UE serves as reader for R2D and D2R
Figure 7 illustrates deployment scenario Case 2-A for Topology 2. In this deployment scenario, UE needs to transmit the CW signal and receive the D2R channel/signal within the same UL spectrum simultaneously. This full duplex functionality with simultaneous transmission and reception may complicate the UE implementation. In our view, careful investigation is needed on the support of deployment scenario Case 2-A. 
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[bookmark: _Ref162345584]Figure 7. Deployment scenario for Topology 2: Case 2-A

Figure 8 illustrates deployment scenario Case 2-B for Topology 2. In this deployment scenario, UE serves as reader for R2D and D2R, while external node serves as CW source. Compared to the Case 2-A, UE does not need to transmit the CW signal and receive the D2R channel/signal from the A-IoT device at the same time, which would make the UE implementation more practical. 
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[bookmark: _Ref162345627]Figure 8. Deployment scenario for Topology 2: Case 2-B

Figure 9 illustrates deployment scenario Case 2-C for Topology 2. This is intended to the A-IoT device that is capable of generating the UL signal internally. Further, it is straightforward that the R2D and D2R channels/signals can be transmitted in the UL spectrum, which follows the design principle for sidelink communication. 
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[bookmark: _Ref162345622]Figure 9. Deployment scenario for Topology 2: Case 2-C

Based on the discussions above, in our view, the deployment scenarios Case 2-B for A-IoT device 1 and 2a and Case 2-C for A-IoT device 2b can be prioritized for A-IoT system design and performance evaluations for deployment topology 2：
· For A-IoT device 1 and 2a, UE serves as reader for R2D and D2R, and external node serves as CW source
· For A-IoT device 2b, UE serves as reader for R2D and D2R
Proposal 4:
· For Topology 2, the following deployment scenario can be prioritized. 
· For A-IoT device 1 and 2a, UE serves as reader for R2D and D2R, and external node serves as CW source
· For A-IoT device 2b, UE serves as reader for R2D and D2R
· Further study on the deployment scenario where UE serves as reader for R2D, D2R and CW source for A-IoT device 1 and 2a

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on deployment scenarios and evaluation assumptions for A-IoT. Further, we summarize the proposals as follows:
Proposal 1:
· For Topology 1, the following deployment scenario can be prioritized. 
· R2D is transmitted in the DL spectrum
· D2R and CW signal are transmitted in the UL spectrum 
· Further study whether R2D channel/signal can be transmitted in the UL spectrum.
Proposal 2:
· For Topology 1, the following deployment scenario can be prioritized. 
· For A-IoT device 1 and 2a, gNB serves as reader for R2D and D2R, while external node serves as CW source
· For A-IoT device 2b, gNB serves as reader for R2D and D2R
Proposal 3:
· For Topology 2, the following deployment scenario is prioritized. 
· R2D, D2R and CW signal are transmitted in the UL spectrum 
Proposal 4:
· For Topology 2, the following deployment scenario can be prioritized. 
· For A-IoT device 1 and 2a, UE serves as reader for R2D and D2R, and external node serves as CW source
· For A-IoT device 2b, UE serves as reader for R2D and D2R
· Further study on the deployment scenario where UE serves as reader for R2D, D2R and CW source for A-IoT device 1 and 2a
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