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Introduction
[bookmark: _Hlk58595024]In RAN#102, a new study item on ambient IoT has been approved and the SID has been further updates in RAN#103 in [1]. From RAN1 perspective, following objectives related physical channels/signals and proximity determination are included for the study:
Study the feasibility and required functionalities for proximity determination, which is the determination of whether BS or intermediate UE and ambient IoT device are near each other or not (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 this contribution, we discuss our views and provide observations/proposals on following aspects related to physical channels/signals for R2D and D2R for ambient IoT and proximity determination: 
· R2D channel/signals
· R2D control information
· PRDCH details including preamble details
· D2R channel/signals
· D2R control information
· PDRCH details including preamble details
· Proximity determination
· Near determination
· Bi-static proximity determination
· Intermediate UE aspects
Discussion
R2D channel/signal
In RAN1#116bis, following agreements related to R2D channel/signal have been made [2]:

Agreement
For the R2D timing acquisition signal immediately preceding the transmission of a physical channel, study a preamble with at least two parts which includes a start-indicator part and a clock-acquisition part, where the start-indicator part immediately precedes the clock-acquisition part:
· Start-indicator part provides the start of the R2D transmission
· FFS: Details of start-indicator part
· Clock-acquisition part provides at least the chip synchronization of the subsequent physical channel transmission
· FFS: Details of clock-acquisition part, e.g. structure, encoding, length, etc. 
· FFS: Methods to determine chip duration of the subsequent physical channel transmission 
· FFS: Other functionalities
· Note: the preamble is considered not to be part of a physical channel
· FFS: other part(s) of the preamble, if any 
· FFS: whether the above clock acquisition is sufficient for all devices
· FFS: how to make the preamble compact

Agreement
For PRDCH generation at the reader, at least following blocks are studied as the baseline:
· CRC bits are appended if there is non-zero length CRC
· Note: CRC details discussed in agenda item 9.4.2.1
· Line coding block 
· OOK-1/OOK-4 modulation with OFDM waveform generation, including resource mapping 
· FFS details
· Note: Other blocks could be added if agreed
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PRDCH generation
Agreement
Reference signals including at least DMRS, PTRS, CSI-RS/TRS, are not further studied for R2D.
R2D control information
In the FL summary in RAN1#116bis [3], following proposal on R2D control information was considered:

Proposal 2.1.2-1B
· For R2D control information, at least the following R2D control information (for PRDCH and/or PDRCH) are studied:
· Time domain resource allocation
· MCS
· TBS
· Repetitions
· Device ID and/or device group ID and/or device type
· Cast type 
· Frequency domain resource allocation
· Reader ID
· For the study of each of the above R2D control information, at least following aspects are considered:
· Whether the control information is needed/predefined or not
· For control information that is not fixed, whether it is signaled as L1 control information and/or via higher-layer signaling (e.g. MAC CE, RRC)
· Whether the control information is unicast, groupcast, broadcast

In Table 1 and Table 2, we provide our views on R2D control information for PRDCH and PDRCH, respectively and related aspects including whether the information can be fixed or needs to be signaled, if need to be signaled, then whether it is via L1 control information and/or via higher layer signaling.

Table 1: R2D Control Information for PRDCH

	Information
	Fixed or Signaled 
	Via L1 Control
	Via MAC CE
	Via RRC-like

	TDRA
	Signaled
	Yes
	
	

	Modulation Order
	Signaled 
	Yes
	
	

	Coding
	Signaled
	Yes
	
	

	TBS (if supported)
	Signaled
	Yes
	
	

	Repetitions (if supported)
	Signaled
	
	
	Yes

	FDRA (if FDMA supported)
	Signaled
	Yes
	
	

	Device ID
	Signaled as data
	
	
	

	Reader ID
	Signaled as data
	
	
	

	Device Group ID (if supported)
	Signaled as data
	
	
	

	Device Type (if supported)
	Signaled as data
	
	
	




Table 2: R2D Control Information for PDRCH

	Information
	Fixed or Signaled 
	Via L1 Control
	Via MAC CE
	Via RRC-like

	TDRA
	Signaled
	Yes
	
	

	Modulation Order
	Signaled 
	Yes
	
	

	Coding
	Signaled
	Yes
	
	

	TBS (if supported)
	Signaled
	Yes
	
	

	Repetitions (if supported)
	Signaled
	
	
	Yes

	FDRA (if FDMA supported)
	Signaled
	Yes
	
	

	Device ID
	Signaled as data
	
	
	

	Reader ID (if supported)
	Signaled as data
	
	
	

	Device Group ID (if supported)
	Signaled as data
	
	
	

	Device Type (if supported)
	Signaled as data 
	
	
	










Proposal 1: For signaling R2D control information for PRDCH, consider following table as a baseline:

	Information
	Fixed or Signaled 
	Via L1 Control
	Via MAC CE
	Via RRC-like

	TDRA
	Signaled
	Yes
	
	

	Modulation Order
	Signaled 
	Yes
	
	

	Coding
	Signaled
	Yes
	
	

	TBS (if supported)
	Signaled
	Yes
	
	

	Repetitions (if supported)
	Signaled
	
	
	Yes

	FDRA (if FDMA supported)
	Signaled
	Yes
	
	

	Device ID
	Signaled as data
	
	
	

	Reader ID
	Signaled as data
	
	
	

	Device Group ID (if supported)
	Signaled as data
	
	
	

	Device Type (if supported)
	Signaled as data
	
	
	




Proposal 2: For signaling R2D control information for PDRCH, consider following table as a baseline:

	Information
	Fixed or Signaled 
	Via L1 Control
	Via MAC CE
	Via RRC-like

	TDRA
	Signaled
	Yes
	
	

	Modulation Order
	Signaled 
	Yes
	
	

	Coding
	Signaled
	Yes
	
	

	TBS (if supported)
	Signaled
	Yes
	
	

	Repetitions (if supported)
	Signaled
	
	
	Yes

	FDRA (if FDMA supported)
	Signaled
	Yes
	
	

	Device ID
	Signaled as data
	
	
	

	Reader ID (if supported)
	Signaled as data
	
	
	

	Device Group ID (if supported)
	Signaled as data
	
	
	

	Device Type (if supported)
	Signaled as data 
	
	
	



Based on above proposals, it can be discussed whether a separate physical channel is needed or not for R2D control information. For this purpose, there are two alternatives. One alternative is to have a separate dedicate channel like PDCCH. Other alternative is to transmit the control information in PRDCH and avoid having a separate PDCCH-like channel. In NR, there are wide variety of use-cases with varying traffic pattern and therefore, the PDCCH configuration for the UE to monitor and receive PDCCH is quite complex and energy consuming. For ambient IoT devices, only DT and DO-DTT traffic type will be supported. Essentially, the device’s D2R communication is always triggered by R2D command/query, and the scheduling can be quite simplified in comparison to NR. Fundamentally, the R2D command/query to trigger D2R transmission can be contained within the PRDCH. In addition, most of the R2D and D2R scheduling parameters transmitted via DCI formats may not be needed for ambient IoT due to fixed/static configuration. Other parameters, e.g. time domain resources for further R2D query/command and/or D2R response or coding rate for R2D/D2R that might need to be indicated by the network, could be contained as part of the query command that can be transmitted via PRDCH. Therefore, we should consider R2D control information transmission on the PRDCH and no separate channel for R2D control information should be considered.

Observation 1: For the physical channel to transmit any R2D control information, there is no motivation to support flexible/complex channel structure like PDCCH:
· Low-power device types should not be expected to perform PDCCH monitoring and blind decoding
· Also, there is no need for multiple DCI formats 

Proposal 3: For R2D transmission, a single/unified channel for reader to device i.e. only PRDCH is considered for transmission of data, control information and system information


PRDCH design details
One of the key considerations for PRDCH design is to allow mapping different types of R2D information including R2D data, R2D system information and R2D L1 control information. In our view, multiple transmission modes can be studied for PRDCH because different combinations of the different types of R2D information could be possible. Therefore, we can at least consider following 4 modes of transmission schemes for PRDCH:
· PRDCH-TM0: Only R2D data is mapped
· It is unicast type mode
· PRDCH-TM1: Only system information is mapped
· It is broadcast type mode 
· PRDCH-TM2: Only R2D L1 control information is mapped
· It can either be broadcast type, groupcast type or unicast mode 
· PRDCH-TM3: R2D L1 control information and R2D data is mapped
· It can be unicast mode 
· L1 control information part precedes the R2D data part within the PRDCH
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Figure 1: Transmission Modes for PRDCH


Proposal 4: For PRDCH, study mapping of R2D L1 control information 

Proposal 5: For PRDCH, study at least following transmission schemes for mapping different types of R2D information:
· PRDCH-TM0: Only R2D data is mapped
· It is unicast type mode
· PRDCH-TM1: Only system information is mapped
· It is broadcast type mode 
· PRDCH-TM2: Only R2D L1 control information is mapped
· It can either be broadcast type, groupcast type or unicast mode 
· PRDCH-TM3: R2D L1 control information and R2D data is mapped
· It can be unicast mode 
· L1 control information part precedes the R2D data part within the PRDCH

Considering mapping of R2D control information and R2D data to same PRDCH, another aspect to consider is how the two types of information are encoded and mapped to PRDCH. In RAN1#116bis, we agree that a CRC is attached to R2D information before the line coding. In case when R2D control information and R2D data information need to be mapped, then we think that separate CRC attachment should be considered as the baseline. Based on separate CRC attachment, the PRDCH generation can be updated, as illustrated in Figure 1.
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Figure 2: PRDCH Generation with Separate CRC for R2D control and data


Proposal 6: For PDRCH generation involving both R2D control information and R2D data information, separate CRC attachment is studied:
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R2D preamble design
For R2D time acquisition signal, we agreed that at least 2 parts including start indicator part and clock acquisition part will be studied. Other aspects that remain to be studied include the design of each part, length of each part and if additional part is needed or not. In our view, we don’t see the need to study any other additional part. The main motivation for additional part is to support variable length of the clock-acquisition part and to indicate the length of this part via an additional third part. However, in our view, if variable length of clock-acquisition part is needed, then it can be implicitly determined based on the start indicator part length. Basically, different start indicator part lengths can be supported and based on the reception of the start indicator part length, the length of clock acquisition part can be determined by the device

Proposal 7: For R2D time acquisition signal, if it is agreed to study variable length of clock acquisition part, then no additional part is indicated to indicate the length of clock acquisition part and it can be determined based on the length of the start indicator part length
· Variable length of start indicator part can be studied to signal the length of the succeeding clock acquisition part

On the need to support, variable length of R2D time acquisition signal, one motivation could be to signal the different transmission modes, if supported, for PRDCH. For example, if TM0, as proposed in proposal 5 needs to be signaled, then corresponding length of time-acquisition signal can be applied.

Proposal 8: For R2D time acquisition signal, study variable length to indicate different transmission schemes for PRDCH for signaling what R2D information type is mapped to the PRDCH including data, control, system information.

Furthermore, another discussion point is related to the voltage pattern for the start indicator part. Typically, in RFID, low voltage is used to transmit the delimiter part and similar principle could be adopted for the start indicator part for R2D. Since before the clock-acquisition part, no time acquisition is expected, therefore, other voltage pattern including high and low could be difficult to detect correctly at the device. Therefore, low voltage transmission for the start indicator part should be the baseline.

Proposal 9: For the R2D time acquisition signal, for the start indicator part, low-voltage continuous transmission for a pre-defined duration(s) should be studied as the baseline


D2R channel/signal
In RAN1#116bis, following agreements related to D2R channel/signal have been made [2]:

Agreement
For D2R, a preamble preceding each PDRCH transmission is studied as the baseline at least for the D2R timing acquisition signal:
· Preamble is not part of PDRCH
· FFS: Other functionalities of the preamble

Agreement
For PDRCH generation at the device, at least following blocks are studied as the baseline:
· CRC bits are appended if there is non-zero length CRC
· Note: CRC details discussed in agenda item 9.4.2.1
· Coding 
· Exact coding methods within the coding block, e.g. with/without line coding and/or FEC discussed under agenda 9.4.2.1
· Note: If no line coding is used, there may be an additional block (e.g. square wave generator) before/after modulation block
· Modulation
· Note: Other blocks could be added if agreed  
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PDRCH generation
Agreement
Reference signals including DMRS, PTRS, SRS, are not further studied for D2R
· Note: This doesn’t preclude the possibility to study preamble, midamble, postamble for different purposes, e.g. channel/interference estimation and/or proximity determination

D2R control information
PUCCH in NR is used for transmitting uplink control information including SR, CSI, HARQ-ACK. For ambient IoT device, SR may not need to be supported as the traffic type to be supported includes DT and DO-DTT, essentially network triggered UL traffic only. Regarding CSI, since we assume that ambient IoT device may not be capable of performing measurements, therefore no CSI feedback would be expected. Lastly, HARQ-ACK is not supported based on the scope of SID. However, if “ACK” or “NACK” feedback any ARQ could be possibly studied, especially for DT type of traffic where typically device is not required to send any response to a command from the reader. However, if “ACK/NACK” feedback is studied, it could simply multiplexed/mapped to PDRCH and therefore, we don’t see any motivation to support PUCCH for ambient IoT, unless any new UCI for ambient IoT is considered, e.g. energy status/level feedback to network, etc. However, it could be argued that such information, if justified, could be requested by network, and responded back by the device via PDRCH. Therefore, we should consider D2R control information transmission on the PDRCH and no separate channel for D2R control information should be considered.

Observation 2: For ambient IoT, no UCI including SR and CSI feedback is expected to be transmitted.

Proposal 10: For D2R transmissions, “ACK/NACK” feedback from the device to the reader could be studied, if justified for DT type of traffic
· This should not imply support HAQR retransmissions

Proposal 11: For R2D transmission, a single/unified channel for device to reader i.e. only PDRCH is considered for transmission of data and control information

PDRCH design details
One of the key considerations for PDRCH design is to allow mapping different types of D2R information including D2R data and D2R L1 control information. In our view, for PDRCH, if any UCI like “ACK/NACK” feedback is needed, it could be considered as a response from the device and classified as essentially D2R data rather than D2R L1 control information. From this point of view, we don’t need to consider different transmission modes for PDRCH, as we proposed for PRDCH and essentially, no separate encoding is needed. 

Proposal 12: For PDRCH, if “ACK/NACK” feedback is considered, it can be classified as simply D2R data/response and therefore, no different transmission modes/schemes need to be considered for PDRCH 

D2R preamble design
For D2R time acquisition signal, we agreed in RAN1#116bis to at least study a single part. It can be further considered whether we study another part for start indicator, as we agreed to study for R2D. Generally, there is no motivation for introducing start indicator part for D2R as the reader is aware about the scheduling of D2R from device to itself. However, if we consider the scenarios where the transmit reader and receive reader are different, then in that case, the receive reader may need some indicator about the start of the D2R reception. From this point of view, it might be worth considering start indicator part for D2R as well, at least in the case of a different receive reader. 

Proposal 13: For D2R time acquisition signal, start indicator part could be considered for the scenario when the transmit reader and receive reader are different

Proximity determination
Based on the SID, it should be investigated whether/how proximity determination could be supported for ambient IoT devices. In RAN#103, the definition of proximity determination has been further clarified as the determination of whether the reader and device are near each other. Furthermore, in RAN1#116bis [2], following agreement related to proximity determination has been made:

Agreement
Proximity determination based on device side measurements is not considered. 
Based on the clarification in RAN#103, proximity determination is essentially binary, in terms of device being “near” or “far”. However, exactly what is the criteria that is used to determine this is up to RAN1 discussions. In our view, there are two alternatives to determine whether the device is “near” to the reader or not.
· Option 1: If reader successfully receives D2R transmission from the device in response to R2D transmission, then device is determined as near
· Option 2: Device is determined to be near the reader based on measurements at the reader side


Observation 3: For proximity determination, it needs further clarification on how to determine whether the device is “near” to the reader

Proposal 14: For proximity determination at the reader, at least the following two options are studied:
· Option 1: If reader successfully receives D2R transmission from the device in response to R2D transmission, then device is determined as near
· Option 2: Device is determined to be near the reader based on measurements at the reader side


Based on the agreement in RAN1#116bis, only reader side proximity determination could be considered. However, it needs to be studied whether any specification related methods need to be introduced for proximity determination or it can be up to network implementation. Based on the 2 options under proposal 14, if option 1 is adopted, then we don’t see any dedicated method/procedure that needs to be introduced for proximity determination at the reader side. However, for option 2, it can be further studied if any dedicated proximity determination method is needed or not. But another aspect to consider is the topology applied for proximity determination. In case of topology 2, when intermediate UE is the reader, then there could be potential specification requirement for introducing proximity methods/procedures/requirements at the UE.  

Observation 4: For reader side proximity determination, if proximity determination is based on simply receiving or not receiving the response from the device, then most likely dedicated methods for proximity determination may not be needed.

Proposal 15: For proximity determination based on measurements at reader (if supported), study whether there is a need for dedicated procedure or methods or it can be up to implementation

Proposal 16: For topology 2, if proximity determination at the intermediate UE is to be supported, then study the proximity determination methods at the intermediate UE


Another issue that was briefly discussed in RAN1#116bis was how to determine proximity in case when the transmit reader and the receive reader are different. In this scenario, we think that there are 3 possibilities to be considered in terms of how the proximity of the device is determined:
· Option 1: Transmit-reader based proximity determination
· Option 2: Receive-reader based proximity determination
· Option 3: End-to-end system proximity determination

For each of the above options, there could be different methods/procedures to determine the proximity. For option 2, the proximity determination would be same as for the scenario when the transmit reader and receive reader are same. However, for option 1 and option 3, some additional considerations could be needed for proximity determination.

Proposal 17: For proximity determination in case when the transmit reader and receive reader are different, study following options:
· Option 1: Transmit-reader based proximity determination
· Option 2: Receive-reader based proximity determination
· Option 3: End-to-end system proximity determination


Intermediate UE considerations
For topology 2 with intermediate UE as the reader, there could be additional consideration on the physical channels/signals and proximity determination when compared to topology 1. First and foremost, we might need to consider the signaling between the network and the intermediate UE because the intermediate UE is under network control even if it serving as reader for the ambient IoT device. Therefore, we need to study at least following aspects for topology 2 in terms of physical channels/signals:
· Downlink control information (DCI) from network to the intermediate UE for transmitting R2D to device and/or receiving D2R from the device
· Uplink control information (UCI), if any from the intermediate UE to the network

Proposal 18: For topology 2 with intermediate UE serving as the reader, study at least following aspects in terms of physical channel/signals:
· Downlink control information (DCI) from network to the intermediate UE for transmitting R2D to device and/or receiving D2R from the device
· Uplink control information (UCI), if any from the intermediate UE to the network

Another fundamental aspect to study is whether/how the network determines the selection of UE to serve as the intermediate UE for transmission/reception with one or multiple ambient IoT devices. It needs to be considered whether this can be up to network implementation, or some methods/procedures need to be studied from specification impact point of view. In our view, proximity determination could be a potential method for network to determine which UE can serve as a reader for communication with ambient IoT devices.

Proposal 19: For topology 2 with intermediate UE, study at least following options for the selection of UE for serving as a reader to communicate with ambient IoT device(s):
· Option 1: It is up to network implementation
· Option 2: Study specification-based methods, e.g. based on proximity of number of ambient IoT devices to the UE

Conclusion
In this contribution, we made the following observations and proposals on PHY channels/signals for R2D and D2R and proximity determination for ambient IoT devices:

R2D Channel/Signal

Observation 1: For the physical channel to transmit any R2D control information, there is no motivation to support flexible/complex channel structure like PDCCH:
· Low-power device types should not be expected to perform PDCCH monitoring and blind decoding
· Also, there is no need for multiple DCI formats 

Proposal 1: For signaling R2D control information for PRDCH, consider following table as a baseline:

	Information
	Fixed or Signaled 
	Via L1 Control
	Via MAC CE
	Via RRC-like

	TDRA
	Signaled
	Yes
	
	

	Modulation Order
	Signaled 
	Yes
	
	

	Coding
	Signaled
	Yes
	
	

	TBS (if supported)
	Signaled
	Yes
	
	

	Repetitions (if supported)
	Signaled
	
	
	Yes

	FDRA (if FDMA supported)
	Signaled
	Yes
	
	

	Device ID
	Signaled as data
	
	
	

	Reader ID
	Signaled as data
	
	
	

	Device Group ID (if supported)
	Signaled as data
	
	
	

	Device Type (if supported)
	Signaled as data
	
	
	




Proposal 2: For signaling R2D control information for PDRCH, consider following table as a baseline:

	Information
	Fixed or Signaled 
	Via L1 Control
	Via MAC CE
	Via RRC-like

	TDRA
	Signaled
	Yes
	
	

	Modulation Order
	Signaled 
	Yes
	
	

	Coding
	Signaled
	Yes
	
	

	TBS (if supported)
	Signaled
	Yes
	
	

	Repetitions (if supported)
	Signaled
	
	
	Yes

	FDRA (if FDMA supported)
	Signaled
	Yes
	
	

	Device ID
	Signaled as data
	
	
	

	Reader ID (if supported)
	Signaled as data
	
	
	

	Device Group ID (if supported)
	Signaled as data
	
	
	

	Device Type (if supported)
	Signaled as data 
	
	
	



Proposal 3: For R2D transmission, a single/unified channel for reader to device i.e. only PRDCH is considered for transmission of data, control information and system information

Proposal 4: For PRDCH, study mapping of R2D L1 control information 



Proposal 5: For PRDCH, study at least following transmission schemes for mapping different types of R2D information:
· PRDCH-TM0: Only R2D data is mapped
· It is unicast type mode
· PRDCH-TM1: Only system information is mapped
· It is broadcast type mode 
· PRDCH-TM2: Only R2D L1 control information is mapped
· It can either be broadcast type, groupcast type or unicast mode 
· PRDCH-TM3: R2D L1 control information and R2D data is mapped
· It can be unicast mode 
· L1 control information part precedes the R2D data part within the PRDCH

Proposal 6: For PDRCH generation involving both R2D control information and R2D data information, separate CRC attachment is studied:
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Proposal 7: For R2D time acquisition signal, if it is agreed to study variable length of clock acquisition part, then no additional part is indicated to indicate the length of clock acquisition part and it can be determined based on the length of the start indicator part length
· Variable length of start indicator part can be studied to signal the length of the succeeding clock acquisition part

Proposal 8: For R2D time acquisition signal, study variable length to indicate different transmission schemes for PRDCH for signaling what R2D information type is mapped to the PRDCH including data, control, system information.

Proposal 9: For the R2D time acquisition signal, for the start indicator part, low-voltage continuous transmission for a pre-defined duration(s) should be studied as the baseline


D2R Channel/Signal

Observation 2: For ambient IoT, no UCI including SR and CSI feedback is expected to be transmitted.

Proposal 10: For D2R transmissions, “ACK/NACK” feedback from the device to the reader could be studied, if justified for DT type of traffic
· This should not imply support HAQR retransmissions

Proposal 11: For R2D transmission, a single/unified channel for device to reader i.e. only PDRCH is considered for transmission of data and control information
Proposal 12: For PDRCH, if “ACK/NACK” feedback is considered, it can be classified as simply D2R data/response and therefore, no different transmission modes/schemes need to be considered for PDRCH 

Proposal 13: For D2R time acquisition signal, start indicator part could be considered for the scenario when the transmit reader and receive reader are different

Observation 3: For proximity determination, it needs further clarification on how to determine whether the device is “near” to the reader

Proposal 14: For proximity determination at the reader, at least the following two options are studied:
· Option 1: If reader successfully receives D2R transmission from the device in response to R2D transmission, then device is determined as near
· Option 2: Device is determined to be near the reader based on measurements at the reader side

Proximity Determination 

Observation 4: For reader side proximity determination, if proximity determination is based on simply receiving or not receiving the response from the device, then most likely dedicated methods for proximity determination may not be needed.

Proposal 15: For proximity determination based on measurements at reader (if supported), study whether there is a need for dedicated procedure or methods or it can be up to implementation

Proposal 16: For topology 2, if proximity determination at the intermediate UE is to be supported, then study the proximity determination methods at the intermediate UE

Proposal 17: For proximity determination in case when the transmit reader and receive reader are different, study following options:
· Option 1: Transmit-reader based proximity determination
· Option 2: Receive-reader based proximity determination
· Option 3: End-to-end system proximity determination


Intermediate UE Considerations for Topology 2 

Proposal 18: For topology 2 with intermediate UE serving as the reader, study at least following aspects in terms of physical channel/signals:
· Downlink control information (DCI) from network to the intermediate UE for transmitting R2D to device and/or receiving D2R from the device
· Uplink control information (UCI), if any from the intermediate UE to the network

Proposal 19: For topology 2 with intermediate UE, study at least following options for the selection of UE for serving as a reader to communicate with ambient IoT device(s):
· Option 1: It is up to network implementation
· Option 2: Study specification-based methods, e.g. based on proximity of number of ambient IoT devices to the UE
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