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1. Introduction
In RAN#102 meeting, a new SID [1] “Study on solutions for Ambient IoT (Internet of Things) in NR” was approved. RAN1-led objectives are as follows.
	· 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 R2D/D2R channels/signals of A-IoT device mainly on the following aspects.
· What channels/signals are needed for A-IoT.
· Design of channels/signals of A-IoT. 
2. Discussion 
2.1 R2D/D2R timing acquisition signal
Frame structure was discussed in 9.4.2.2 in RAN1#116 meeting and following agreement was made. It was agreed to study R2D timing acquisition signal and D2R timing acquisition signal.
	Agreement
At least the following time domain frame structure is studied for A-IoT R2D and D2R transmission.
· For R2D transmission,
· A R2D timing acquisition signal (e.g. R2D preamble) is included at least for timing acquisition and for indicating the start of the R2D transmission in time domain.
· For D2R transmission,
· A D2R timing acquisition signal (e.g. D2R preamble) is included at least for timing acquisition and for indicating the start of the D2R transmission in time domain.
· FFS other necessary component(s), e.g. midamble, postamble, periodic sync signal, control fields, guard period



Signal design of the R2D/D2R timing acquisition signal, e.g., sequence generation, needs further study. However, it depends on further progress in 9.4.2.2 discussion. The signal design highly depends on the functions to be achieved and information to be carried in the timing acquisition signals. As discussed in our companion contribution [2], R2D timing acquisition signal can indicate the slot boundary, and the start of R2D transmission. D2R timing acquisition signal can indicate the start of D2R transmission, and be used for reader for timing calibration. In addition, the timing acquisition signals may have other functions, e.g., in RFID, the reader-to-tag preamble indicates the duration of data-0 and data-1 of PIE coding for reader-to-tag transmission, and indicates the backscatter link frequency of tag-to-reader transmission. Whether these functions need to be achieved by R2D timing acquisition signal of A-IoT depends on further discussion of coding/modulation scheme. 
Thus, signal design of R2D/D2R timing acquisition signal can be studied after the functions of the timing acquisition signals and information carried in the timing acquisition signals are clear. 
Proposal 1:
· Study signal design of R2D/D2R timing acquisition signal considering the functions of the timing acquisition signals and information carried in the timing acquisition signals.
2.2 PRDCH, PDRCH and PHY layer control information 
PHY R2D/D2R channels were discussed in RAN1#116 meeting and following agreements were made.
	Agreement
For ambient IoT devices, at least for R2D data transmission, a physical channel (PRDCH) is studied,
· System information (if defined) is transmitted on the PRDCH
· FFS Whether/how control information is transmitted on the PRDCH
· Note: the naming of PRDCH is used for the sake of the study
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 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



It was agreed to study PRDCH. Regarding payload of PRDCH, at least transport block from higher layer can be carried in PRDCH. Moreover, both broadcast and unicast R2D information need to be transmitted as discussed in in [2]. For example, cell common information/parameters can be broadcasted (e.g., for inventory use case), and information/command targeting certain device can be unicasted (e.g., for command use case). Thus, both cell common and UE specific R2D information on PRDCH need to be studied. 
Proposal 2:
· At least transport block from higher layer are transmitted on PRDCH.
Proposal 3:
· Study transmission of both cell common and UE specific R2D information on PRDCH.

It was agreed to study PDRCH. Regarding payload of PDRCH, similar as R2D, at least transport block from higher layer can be carried in PDRCH. In addition, it was agreed response transmitted from device to reader during contention-based access procedure is transmitted on the PDRCH, while what information is transmitted needs to be discussed in RAN2 and 9.4.2.2 first.
Proposal 4:
· At least transport block from higher layer are transmitted on PDRCH.

In addition, control information for R2D reception and D2R transmission for A-IoT device was discussed. It was agreed to further study whether R2D control information is carried on PRDCH. Whether the control information is higher layer information or PHY layer information needs to be clarified. For higher layer control information, it is transmitted on PRDCH. For PHY layer control information, in our views, whether the PHY layer control information can be transmitted on PRDCH or dedicated PHY channel is needed can be discussed after the payload of PHY control information is decided first. 
Proposal 5:
· Study whether R2D PHY layer control information is carried in PRDCH or dedicated PHY R2D channel is needed considering the payload of PHY layer control information. 

Regarding the payload of R2D PHY control information, it may be needed for PRDCH scheduling or PDRCH scheduling. For PRDCH scheduling, as discussed in our companion contribution [2], control information such as destination device identity, T-F resource, MCS, etc. may be needed. From our perspective, at least destination device identity is needed, and it is beneficial to be transmitted in PHY layer for UE specific R2D traffic, otherwise, each A-IoT device will decode all R2D transmissions on PRDCHs. On the other hand, the information of destination device identity may be carried in PHY control information, or indicated in other ways, for example, carried in R2D preamble. For other control information such as T-F resource, MCS, whether the information is needed can be decided first according to discussion in 9.4.2.1 and 9.4.2.2. If needed, whether the control information is dynamically indicated in PHY layer control information, or semi-statically indicated in higher layer control information can be further discussed.
Proposal 6:
· For PRDCH scheduling, information of destination device identity is indicated in PHY layer. Further study whether it is transmitted in R2D PHY layer control information or R2D preamble signal.
Proposal 7:
· For PRDCH scheduling, further study whether a control information (e.g., T-F resource, MCS, etc.), if needed, is dynamically indicated in R2D PHY layer control information, or semi-statically indicated in R2D higher layer control information. 

For PDRCH scheduling, as discussed in our companion paper [2], A-IoT device can perform D2R transmission only when triggered by R2D reception from reader. Whether the triggering information of D2R transmission is PHY layer information or higher layer information needs to be further discussed. Meanwhile, similar as PRDCH scheduling, control information such as device identity, T-F resource, MCS may be needed. Whether the information is needed can be decided first according to discussion in 9.4.2.1 and 9.4.2.2. If needed, whether the control information is dynamically indicated in the triggering information of PDRCH or is semi-statically indicated can be further discussed. 
Proposal 8:
· For PDRCH scheduling, study whether the triggering information of PDRCH is PHY layer information or higher layer information.
Proposal 9:
· For PDRCH scheduling, further study whether a R2D control information (e.g., device identity, T-F resource, MCS, etc.), if needed, is dynamically indicated in triggering information of the PDRCH, or semi-statically indicated. 
Whether D2R control information is needed needs to be discussed. In NR, SR, HARQ feedback, CSI report may be carried in UCI. In Rel-19, we focus on DO-DTT traffic flow, where UL traffic is triggered by network, thus scheduling request from A-IoT device is not needed. According to SID, HARQ/ARQ is not supported, thus ACK/NACK feedback is not needed. For CSI report, considering ultra-low complexity at A-IoT device, channel measurement may not be performed at A-IoT device, thus CSI report is not needed.
Proposal 10:
· PHY D2R control information is not considered.

2.3 Other signals
In addition to R2D/D2R preamble, midamble, postamble, whether other signals are needed for A-IoT needs to be discussed. Whether signals with similar functions as the following NR signals are needed for Ambient IoT can be discussed.
· NR DL: CSI-RS; DL DMRS
· NR UL: SRS; UL DMRS
“R2D-xRS” or “D2R-xRS” is used to refer to a candidate signal of A-IoT in the following discussion. 
For R2D-CSI-RS and R2D-DMRS, as discussed above, considering ultra-low complexity at A-IoT device, channel measurement/channel estimation may not be performed at A-IoT device. Thus, R2D-CSI-RS or R2D-DMRS are not needed.
Proposal 11:
· R2D reference signal for channel measurement/channel estimation is not considered.

D2R-SRS may be used for network to measure and decide modulation and coding rate and/or proximity determination, while whether adaptive modulation and coding can be discussed first. 
Proposal 12:
· Study whether D2R-SRS is needed considering whether measurement at reader is needed for adaptive D2R modulation/coding and/or proximity determination.   

D2R-DMRS may be used for channel estimation for decoding at reader. Preamble/midamble is studied and it is possible that reader can rely on preamble/midamble for channel estimation. Whether additional signal is needed for channel estimation can be discussed after more progress on the signal design of preamble/midamble is made.
Proposal 13:
· Study whether D2R-DMRS is needed for reader’s channel estimation in D2R decoding considering whether preamble/midamble can be used for channel estimation and whether channel estimation based on preamble/midamble is sufficient. 

3. Conclusion
In this contribution, we discussed channels/signals of A-IoT. Based on the discussion, we made following proposals.
Proposal 1:
· Study signal design of R2D/D2R timing acquisition signal considering the functions of the timing acquisition signals and information carried in the timing acquisition signals.

Proposal 2:
· At least transport block from higher layer are transmitted on PRDCH.

Proposal 3:
· Study transmission of both cell common and UE specific R2D information on PRDCH.

Proposal 4:
· At least transport block from higher layer are transmitted on PDRCH.

Proposal 5:
· Study whether R2D PHY layer control information is carried in PRDCH or dedicated PHY R2D channel is needed considering the payload of PHY layer control information. 

Proposal 6:
· For PRDCH scheduling, information of destination device identity is indicated in PHY layer. Further study whether it is transmitted in R2D PHY layer control information or R2D preamble signal.

Proposal 7:
· For PRDCH scheduling, further study whether a control information (e.g., T-F resource, MCS, etc.), if needed, is dynamically indicated in R2D PHY layer control information, or semi-statically indicated in R2D higher layer control information. 

Proposal 8:
· For PDRCH scheduling, study whether the triggering information of PDRCH is PHY layer information or higher layer information.

Proposal 9:
· For PDRCH scheduling, further study whether a R2D control information (e.g., device identity, T-F resource, MCS, etc.), if needed, is dynamically indicated in triggering information of the PDRCH, or semi-statically indicated. 

Proposal 10:
· PHY D2R control information is not considered.

Proposal 11:
· R2D reference signal for channel measurement/channel estimation is not considered.

Proposal 12:
· Study whether D2R-SRS is needed considering whether measurement at reader is needed for adaptive D2R modulation/coding and/or proximity determination.   

Proposal 13:
· Study whether D2R-DMRS is needed for reader’s channel estimation in D2R decoding considering whether preamble/midamble can be used for channel estimation and whether channel estimation based on preamble/midamble is sufficient. 
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