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[bookmark: _Ref506539118]Introduction
In the SID for study on solutions for Ambient IoT (Internet of Things) in NR, the following objectives have been identified [1]:
	The following objectives are set, within the General Scope:
1. Evaluation assumptions
a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· Clause 5.8: 2D distribution of devices
b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
NOTE: strive to minimize evaluation cases in RAN1.

2. 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.


In the contribution, we present our views on topological deployment scenarios that need to be considered and clarified for the SI. 
Discussions on topological deployment scenarios
Based on SID [1], the study focuses on two topologies for deployment: topology 1 and 2. In order for further discussion on physical layer design to take place, we believe it is critical to have good understanding on the supported topologies for deployment and how it impacts physical layer design.
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[bookmark: _Ref158972919]Figure 1. Different deployment scenarios for topology 1

For deployment topology 1, the setup is straightforward. In particular, depending on whether gNB, UE or an external carrier wave source is served to transmit carrier wave signal, totally 3 different cases can be considered, as shown in Figure 1. 
· Case 1: gNB also functions as carrier wave (CW) source for low end ambient IoT devices, denoted as device type 1, that require carrier wave for uplink back scatter transmission. In case 1, gNB is transmitting DL signals in DL frequency, and receiving UL signals from the ambient IoT device in UL frequency. The ambient IoT device uses CW from the gNB to send back scatter transmission in the uplink frequency. For case 1, gNB will require full duplex operation in the UL frequency and will need to cancel out self-generating CW interference in the UL.
· Case 2: there is an external CW source that is not the gNB directly communicating with the ambient IoT device type 1. For this case, gNB transmits DL signals in the DL frequency. The external CW source transmits CW in the UL frequency and ambient IoT device will perform back scatter transmission to the gNB in the UL frequency.
· Case 3: ambient IoT can generate its own UL signal internally in the UL frequency and gNB transmits DL signals in the DL frequency.
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[bookmark: _Ref158971569]Figure 2. Different deployment scenarios for topology 2 with forward and reverse link in UL frequency
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[bookmark: _Ref158971572]Figure 3. Different deployment scenarios for topology 2 with forward link in UL frequency and reverse link in DL frequency
[image: ]
[bookmark: _Ref158971573]Figure 4. Different deployment scenarios for topology 2 with forward link in DL frequency and reverse link in UL frequency

For topology 2, the setup is much more complicated compared to topology 1. As shown in Figure 2, Figure 3 and Figure 4, totally 12 deployment cases can be considered for topology as follows, which also depend on whether gNB, UE or an external carrier wave source is served to transmit carrier wave signal:  
· Case A: A-IoT forward and reverse link in UL frequency
· Case B: A-IoT forward link in UL frequency and reverse link in DL frequency
· Case C: A-IoT forward link in DL frequency and reverse link in UL frequency
The following table summarizes the different cases for topology 2.

Table 2. Deployment cases for topology 2
	Topology
	Case #
	Forward Link Frequency
	Reverse Link Frequency
	CW source
	Notes

	2
	A-1
	UL
	UL
	gNB
	· Full Duplex at gNB needed
· CW interference cancellation at UE may be needed

	2
	A-2
	UL
	UL
	External Node
	· CW interference cancellation at UE may be needed

	2
	A-3
	UL
	UL
	UE
	· Full Duplex at UE needed, CW interference cancellation at UE may be needed

	2
	A-4
	UL
	UL
	N/A
	-

	2
	B-1
	UL
	DL
	gNB
	· CW interference cancellation at UE may be needed

	2
	B-2
	UL
	DL
	External Node
	· CW interference cancellation at UE may be needed

	2
	B-3
	UL
	DL
	UE
	· Full Duplex at UE needed, CW interference cancellation at UE may be needed
· Unclear if regulation will allow such operation

	2
	B-4
	UL
	DL
	N/A
	· Unclear if regulation will allow such operation

	2
	C-1
	DL
	UL
	gNB
	· CW interference cancellation at UE may be needed
· Unclear if regulation will allow such operation

	2
	C-2
	DL
	UL
	External Node
	· CW interference cancellation at UE may be needed
· Unclear if regulation will allow such operation

	2
	C-3
	DL
	UL
	UE
	· Full Duplex at UE needed, CW interference cancellation at UE may be needed
· Unclear if regulation will allow such operation

	2
	C-4
	DL
	UL
	N/A
	· Unclear if regulation will allow such operation



We note some interesting discussion aspects for various deployment cases for topology 2. For case B-1, where forward and reverse link is in the UL frequency with gNB sending the CW as the CW source, depending on whether UE is expected to send UL signals for Uu link, UE may require full duplex operation in uplink. However, this full duplex requirement at the UE could be avoided if gNB does not schedule any uplink for the UE during transmission and reception of ambient IoT forward and reverse link. For case B-3, where forward link is in the UL frequency and reverse link is in the DL frequency with UE sending the CW as the CW source, this case requires UE to able to transmit signals in the DL frequency, which may not be feasible in certain regulatory domain. All case C-X cases require Tx and Rx to be swapped for the UE to support the A-IoT link.
We believe proper identification of the deployment cases for topology 1 and 2 is critical to further aid discussion and study of physical signal/channel design, including obtaining information of potential impact to Uu link. As such, we proposed to identify the different deployment cases to aid future RAN1 discussions and further discuss and study the different deployment cases. The study should also include prioritization or de-prioritization of selected deployment cases.
Proposal 1:
· RAN1 to study the following topological deployments, including potential (de-)prioritization of selected deployment cases.

	Topology
	Case #
	Forward Link Frequency
	Reverse Link Frequency
	CW source
	Notes

	1
	1
	DL
	UL
	gNB
	· Full Duplex at gNB needed
· CW interference cancellation at gNB may be needed

	1
	2
	DL
	UL
	External Node
	· CW interference cancellation at gNB may be needed

	1
	3
	DL
	UL
	N/A
	-

	2
	A-1
	UL
	UL
	gNB
	· Full Duplex at gNB needed
· CW interference cancellation at UE may be needed

	2
	A-2
	UL
	UL
	External Node
	· CW interference cancellation at UE may be needed

	2
	A-3
	UL
	UL
	UE
	· Full Duplex at UE needed, CW interference cancellation at UE may be needed

	2
	A-4
	UL
	UL
	N/A
	-

	2
	B-1
	UL
	DL
	gNB
	CW interference cancellation at UE may be needed

	2
	B-2
	UL
	DL
	External Node
	· CW interference cancellation at UE may be needed

	2
	B-3
	UL
	DL
	UE
	· Full Duplex at UE needed, CW interference cancellation at UE may be needed
· Unclear if regulation will allow such operation

	2
	B-4
	UL
	DL
	N/A
	Unclear if regulation will allow such operation

	2
	C-1
	DL
	UL
	gNB
	· CW interference cancellation at UE may be needed
· Unclear if regulation will allow such operation

	2
	C-2
	DL
	UL
	External Node
	· CW interference cancellation at UE may be needed
· Unclear if regulation will allow such operation

	2
	C-3
	DL
	UL
	UE
	· Full Duplex at UE needed, CW interference cancellation at UE may be needed
· Unclear if regulation will allow such operation

	2
	C-4
	DL
	UL
	N/A
	· Unclear if regulation will allow such operation



[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on topological deployment scenarios that need to be considered and clarified for the SI. The following is a summary of proposals.
Proposal 1:
· RAN1 to study the following topological deployments, including potential (de-)prioritization of selected deployment cases.

	Topology
	Case #
	Forward Link Frequency
	Reverse Link Frequency
	CW source
	Notes

	1
	1
	DL
	UL
	gNB
	· Full Duplex at gNB needed
· CW interference cancellation at gNB may be needed

	1
	2
	DL
	UL
	External Node
	· CW interference cancellation at gNB may be needed

	1
	3
	DL
	UL
	N/A
	-

	2
	A-1
	UL
	UL
	gNB
	· Full Duplex at gNB needed
· CW interference cancellation at UE may be needed

	2
	A-2
	UL
	UL
	External Node
	· CW interference cancellation at UE may be needed

	2
	A-3
	UL
	UL
	UE
	· Full Duplex at UE needed, CW interference cancellation at UE may be needed

	2
	A-4
	UL
	UL
	N/A
	-

	2
	B-1
	UL
	DL
	gNB
	CW interference cancellation at UE may be needed

	2
	B-2
	UL
	DL
	External Node
	· CW interference cancellation at UE may be needed

	2
	B-3
	UL
	DL
	UE
	· Full Duplex at UE needed, CW interference cancellation at UE may be needed
· Unclear if regulation will allow such operation

	2
	B-4
	UL
	DL
	N/A
	Unclear if regulation will allow such operation

	2
	C-1
	DL
	UL
	gNB
	· CW interference cancellation at UE may be needed
· Unclear if regulation will allow such operation

	2
	C-2
	DL
	UL
	External Node
	· CW interference cancellation at UE may be needed
· Unclear if regulation will allow such operation

	2
	C-3
	DL
	UL
	UE
	· Full Duplex at UE needed, CW interference cancellation at UE may be needed
· Unclear if regulation will allow such operation

	2
	C-4
	DL
	UL
	N/A
	· Unclear if regulation will allow such operation
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