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1. Introduction
The scope of the Study on solutions for Ambient IoT (Internet of Things) in NR [1] includes studying several aspects of the physical layer design for A-IoT as listed in the below excerpt from the objectives in the study item description (SID) [1]:
	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 this contribution we wish to highlight some aspects related to the control signalling required for A-IoT. 
2. Discussion
2.1. Potential Control Information in R2D and D2R Transmissions 
In RAN1#116, the following agreements related to the R2D and D2R control and data channels were made. 
	Agreement
For ambient IoT devices, a dedicated physical broadcast channel for R2D, e.g. PBCH-like, is not considered for study.

Agreement
For ambient IoT devices, at least for R2D data transmission, a physical channel (PR2DCH) is studied,
System information (if defined) is transmitted on the PR2DCH
FFS Whether/how control information is transmitted on the PR2DCH
Note: the naming of PR2DCH is used for the sake of the study

Agreement
For ambient IoT devices, at least for D2R data transmission, a physical channel (PDRCH) is studied along with the following,
· Response transmitted from device to reader during contention-based access procedure is transmitted on the PDRCH
· FFS: Details of response
· FFS Whether/how/what D2R control information (if defined) is transmitted on the PDRCH
· Note: the naming of PDRCH is used for the sake of the study


Following the arguments made by several contributions to RAN1#116, it is desirable to not have a dedicated control channel either for R2D transmission or the D2R transmission as it may not be feasible for a low-complexity device to perform monitoring/reception of such a channel [2]. 
Another reason cited in the discussions in RAN1#116 against having a dedicated control channel was that no necessary dynamic control information maybe needed [2]. However, this line of reasoning is unsound since there are certain situations where dynamic control information is needed for efficient operation. We cite three examples of the requirement of such dynamic control information below.
Further, in RAN1#117, the following proposals were made without agreement [3]:
	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/code rate
· 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
Proposal 2.2.2-1B
· For D2R control information, the following D2R control information are not considered for further study:
· CSI feedback (e.g. CQI, PMI, RI, etc.)
· SR
· FFS: Whether ACK/NACK feedback from device to reader is needed or not
· o	Please note that studying ACK/NACK feedback doesn’t imply considering HARQ/ARQ operation



2.1.1. Energy Harvesting Signal Transmission Time Adaptation
As pointed out in Observation 1.1. of our companion contribution [4], also reproduced below as Observation 1.1.,
Observation 1.1.: When device identities are known at the reader, it may be possible to adapt/schedule transmissions to ensure that the devices are able to perform the respective R2D reception or D2R transmission. 
In this case, it is desirable to optimize the duration of an EH signal transmission by a reader or CW node or schedule transmissions to a device or group of devices such that they are available with high probability.
For the optimization mentioned in Observation 1.1. to happen, the control information in R2D transmission should allow a request from the reader to the device to indicate its activation time in the current transmission, and similarly the control information in D2R transmission should allow indication of the activation time of the device. This is a dynamic control information, which could either be transmitted in the physical layer or higher layers.
2.1.2. Carrier Frequency for D2R Transmission
In RAN1#116b, the following agreement was made in agenda item 9.4.2.1 [5]. 
	Agreement
Study frequency-domain multiple access of D2R transmissions, at least by utilizing a small frequency-shift in baseband. Further details, including pros/cons, are FFS.


For FDMA of multiple A-IoT devices, it is necessary to indicate the carrier frequency to be used by a device for a particular D2R transmission. This indication would have to be carried in the physical layer of an R2D transmission. 
Observation 1.2.: To support dynamic FDMA for D2R transmissions by A-IoT devices, it is necessary to indicate the carrier frequency to be used by a specific device or group of devices in an R2D transmission.
2.1.3. Time-Domain Scheduling of D2R Transmissions
In RAN1#116b, the following agreement was made in agenda item 9.4.2.1 [5]. 
	Agreement
Study time-domain multiple access of D2R transmissions. Further details, including pros/cons, are FFS.


When a reader performs a R2D transmission, it may not always require a reply from the device (e.g., in the command use case). Moreover, it may be necessary to schedule multiple A-IoT devices even in the physical layer at a time granularity of the duration of several data symbols (which could be like the NR slot or even shorter) to avoid excessive interference when e.g., performing an inventory reading task with the device identities known. Especially for device types 1 and 2a, where the D2R transmission is backscattered on a carrier wave, it would be necessary to indicate when the backscatter D2R transmission should take place following an R2D transmission, as otherwise, all the backscatter transmissions from multiple devices may reach the reader at similar times. In all these cases it would be necessary to transmit a time-domain scheduling control indication in the physical layer which could be device specific or common to a group of A-IoT devices. 
Observation 1.3.: To support dynamic TDMA for D2R transmissions by one or more A-IoT devices, it is necessary to indicate the time-domain scheduling information for a specific device or group of devices in an R2D transmission.
Proposal 1.1.: Both R2D and D2R transmission should allow for dynamic control information transmission where the dynamic control information could be any one of the following:
· request for activation time information of the device (in R2D transmission; physical or higher layer),
· indication of activation time of the device (in D2R transmission; physical or higher layer),
· indication of carrier frequency for D2R transmission, by the reader to one or more devices (in R2D transmission; physical layer),
· indication of time-domain scheduling for D2R transmissions, by the reader to one or more devices (in R2D transmission; physical layer). 
2.2. Intermediate UE Considerations for A-IoT in Topology 2
[image: ]In TR 38.848, topology 2 is described as below:
Figure 1 Topology 2 [6]
 
	In Topology 2, the Ambient IoT device communicates bidirectionally with an intermediate node between the device and basestation. In this topology, the intermediate node can be a relay, IAB node, UE, repeater, etc. which is capable of Ambient IoT. The intermediate node transfers Ambient IoT data and/or signalling between BS and the Ambient IoT device.



In the SID, the general scope states that “the overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT… For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848…”[6].
In a particular deployment, there could be NR UEs that have A-IoT communication capability under a serving gNB. However, for an intermediate UE to communicate with an A-IoT device in topology 2, it would first need to be designated as an intermediate UE by the gNB. This could be based on the UE capability information provided to the gNB. 
Further, resources need to be allocated by the gNB to the intermediate UE for communication with A-IoT device(s). Since the intermediate UE may need to communicate with many A-IoT devices, and there could be multiple intermediate UEs acting as readers, but with the same serving gNB, it is important to have appropriate mechanisms by which the gNB can allocate resources to the intermediate UEs. 
Spectrum deployment for communication between an intermediate UE and A-IoT may be in-band to LTE/NR, in guard-band to LTE/NR or in standalone band(s) [7]. It is to be noted that the intermediate UE reader need not simply relay all information from the gNB to the A-IoT device and vice-versa for each R2D or D2R transmission but may independently transmit/receive signals and data to/from A-IoT devices. E.g., in a factory setting where a handheld UE is used as a moving reader to get inventory data from A-IoT tags at different locations, the UE could aggregate the inventory data received from various A-IoT devices and send it to the gNB at a later point in time via the usual UL transmission mechanisms. Similarly, the gNB can multiplex and send data meant for multiple A-IoT devices in a single DL transmission, which would then be distributed to the A-IoT devices by the intermediate UE. This avoids the need for dynamically allocating resources on the Uu link between the gNB and UE each time the UE needs to perform an R2D transmission or a device performs a D2R transmission. 
Moreover, it is desirable to have a separation between the time-frequency resources used for NR UL/DL between the intermediate UE(s) and the gNB and the resources used for communication between the A-IoT device(s) and the intermediate UE(s) especially in in-band deployments, to avoid potential interference between NR and A-IoT communications. This is especially true for D2R communications, where there could be leakage to nearby time-frequency resources due to clock/oscillator inaccuracies at the A-IoT device. 
Observation 2.1.: A UE with A-IoT capability needs to be designated as an intermediate UE for A-IoT by the gNB. 
Observation 2.2.: It is desirable to avoid frequent requests for resources from the intermediate UE(s) to the gNB for performing R2D or D2R communications with A-IoT devices to avoid signaling overheads. 
Observation 2.3.: It is desirable to have a separation between the resources used for A-IoT communications between intermediate UE(s) and A-IoT device(s) and the resources used for NR DL/UL communications between the intermediate UE(s) and gNB(s) to avoid interference between each other. 
To separate the resources for intermediate UE to A-IoT device communication from those for NR UL/DL, it is desirable for the gNB to allocate a separate resource pool for A-IoT communication to the intermediate UE(s). 
With the above observations, we have the following proposals.
Proposal 2.1.: The gNB transmits an indication to a UE with A-IoT capability to enable it to operate as an intermediate UE. This may be provided via RRC signaling.  
Proposal 2.2.: A separate resource pool may be allocated by a gNB to one or more intermediate UE(s) to communicate with A-IoT devices. This A-IoT resource pool may be allocated in-band to LTE/NR, in guard-band to LTE/NR or in standalone band(s). 
· The A-IoT resource pool configuration includes a set of time slots which may be periodically repeated with a specified time interval and a set of subchannels which may be periodically repeated over a specified frequency interval.
· The A-IoT resource pool configuration may be provided by the gNB to the intermediate UE(s) via RRC signaling. 
Proposal 2.3.: Further, dynamic resource allocation for communication with A-IoT device(s) may be provided to the intermediate UE by the gNB via DCI. Study whether a new DCI format is required or if existing DCI formats could be modified for this purpose.
3. Conclusion
In this contribution we have highlighted the necessity of the transfer of dynamic control information between the reader and device and vice-versa. Further, we support the configuration of a separate resource pool for A-IoT by the gNB for communication between intermediate UE(s) and A-IoT device(s). The following is a summary of our observations and proposals. 
Observation 1.1.: When device identities are known at the reader, it may be possible to adapt/schedule transmissions to ensure that the devices are able to perform the respective R2D reception or D2R transmission. 
In this case, it is desirable to optimize the duration of an EH signal transmission by a reader or CW node or schedule transmissions to a device or group of devices such that they are available with high probability.
Observation 1.2.: To support dynamic FDMA for D2R transmissions by A-IoT devices, it is necessary to indicate the carrier frequency to be used by a specific device or group of devices in an R2D transmission.
Observation 1.3.: To support dynamic TDMA for D2R transmissions by one or more A-IoT devices, it is necessary to indicate the time-domain scheduling information for a specific device or group of devices in an R2D transmission.
Proposal 1.1.: Both R2D and D2R transmission should allow for dynamic control information transmission where the dynamic control information could be any one of the following:
· request for activation time information of the device (in R2D transmission; physical or higher layer),
· indication of activation time of the device (in D2R transmission; physical or higher layer),
· indication of carrier frequency for D2R transmission, by the reader to one or more devices (in R2D transmission; physical layer),
· indication of time-domain scheduling for D2R transmissions, by the reader to one or more devices (in R2D transmission; physical layer). 
Observation 2.1.: A UE with A-IoT capability needs to be designated as an intermediate UE for A-IoT by the gNB. 
Observation 2.2.: It is desirable to avoid frequent requests for resources from the intermediate UE(s) to the gNB for performing R2D or D2R communications with A-IoT devices to avoid signaling overheads. 
Observation 2.3.: It is desirable to have a separation between the resources used for A-IoT communications between intermediate UE(s) and A-IoT device(s) and the resources used for NR DL/UL communications between the intermediate UE(s) and gNB(s) to avoid interference between each other. 
Proposal 2.1.: The gNB transmits an indication to a UE with A-IoT capability to enable it to operate as an intermediate UE. This may be provided via RRC signaling.  
Proposal 2.2.: A separate resource pool may be allocated by a gNB to one or more intermediate UE(s) to communicate with A-IoT devices. This A-IoT resource pool may be allocated in-band to LTE/NR, in guard-band to LTE/NR or in standalone band(s). 
· The A-IoT resource pool configuration includes a set of time slots which may be periodically repeated with a specified time interval and a set of subchannels which may be periodically repeated over a specified frequency interval.
· The A-IoT resource pool configuration may be provided by the gNB to the intermediate UE(s) via RRC signaling. 
Proposal 2.3.: Further, dynamic resource allocation for communication with A-IoT device(s) may be provided to the intermediate UE by the gNB via DCI. Study whether a new DCI format is required or if existing DCI formats could be modified for this purpose.
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