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[bookmark: _Ref506539118]Introduction
At the RAN1#116 meeting, the following agreements were made for downlink and uplink channel/signal aspects for A-IoT system design [1]. 
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 (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, 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
In the contribution, we present our views on downlink and uplink channel/signal aspects and proximity determination for A-IoT. Our views on deployment scenarios and evaluation assumptions, frame structure and timing 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 R2D channel/signal aspects 
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.
In this section, we present our views on PRDCH channel structure, control channel and reference signals for A-IoT design. 
PRDCH channel structure for A-IoT
At the RAN1#116 meeting, it was agreed that a physical channel (PRDCH) is studied at least for R2D data transmission. The PRDCH channel can also be used for the transmission of system information if introduced [1]. Further, it was agreed that 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 [1]. 
Following this design principle, PRDCH may consist of preamble, control command and data packet, where preamble can be used to indicate the start of physical channel and control command can be used to carry scheduling information of the corresponding data packet within the PRDCH transmission. As discussed in our companion contribution, the scheduling information for PRDCH transmission may include the length of data packet, modulation and coding scheme if various data rate is supported, and A-IoT device ID for the device that is intended to receive the PRDCH data packet [3]. 
Figure 1 illustrates PRDCH channel structure for A-IoT. It should be noted that data packet may not be included in the PRDCH transmission, e.g., in case when the PRDCH is used to carry the scheduling information of PDRCH transmission. 
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[bookmark: _Ref158321943]Figure 1. PRDCH channel structure for A-IoT
Proposal 1:
· Physical structure of PRDCH may consist of preamble, control command and optionally data packet.
· Preamble is used for timing acquisition and for indicating the start of the R2D transmission 
· Control command is used to carry scheduling information of the corresponding data packet.

Control channel for A-IoT
As defined in NR, PDCCH serves the purpose of carrying scheduling information for the transmission of PDSCH or PUSCH. In particular, UE attempts to blindly decode the PDCCH candidates using one or more search spaces within a CORESET. Further, the configurations of search space and CORESET can be highly flexible so as to accommodate a wide variety of use cases.
For A-IoT system design, flexible PDCCH monitoring in time and frequency domain as defined in NR may not be feasible given that A-IoT device may not be able to achieve perfect synchronization with the reader due to the large time drift associated with extremely low cost transceiver architecture. In this regard, a dedicated control channel may not be necessary for A-IoT system design.
As mentioned above, control command may still be needed to carry certain scheduling information for PRDCH and PDRCH transmission, including length of data packet and A-IoT device ID. To transmit the control command, one simple solution is to embed it within the PRDCH transmission. This unified channel structure for the transmission of both control command and data packet would help minimize both specification and implementation effort. 

Proposal 2:
· Dedicated R2D control channel is not considered for A-IoT. 

Reference signal for A-IoT
For NR, the following DL reference signals are defined to serve various purposes:
· DMRS associated with PDSCH and PDCCH, which is used for channel estimation and demodulation of corresponding data and control channel, respectively.
· PT-RS, which is used for phase noise estimation and compensation in FR2
· CSI-RS, which is used for CSI measurement for DL scheduling 
· TRS, which is used for timing and frequency tracking 
· DL PRS, which is used for DL based positioning
At the RAN1#116 meeting, it was agreed that OOK modulation is considered for study for R2D transmission. For A-IoT devices with low power consumption, e.g., A-IoT device type 1 and 2a, RF envelope detector is employed at the receiver. Consequently, the use of DMRS, typically employed for channel estimation in data and control channels, is unnecessary for A-IoT system design in such scenarios.
Further, as indicated in the SID, the A-IoT system operates within the FR1 FDD system. In this case, PT-RS is not needed for A-IoT. While CSI-RS is utilized to assist gNB to make appropriate scheduling decisions based on the CSI measurement report from UE, such functionality including flexible resource allocation and link adaptation may not be anticipated for PRDCH transmission in the A-IoT system. Hence, CSI-RS transmission and corresponding CSI measurement and reporting are not needed for A-IoT system design.
The same design principle can also apply to TRS transmission given the fact that asynchronous transmission is considered for A-IoT system. In this case, accurate time and frequency tracking may not be feasible for A-IoT devices. As discussed in Section 4 for proximity detection, dedicated reference signal for DL based positioning measurement may not be considered due to large timing drift for A-IoT devices with low power consumption. Hence, DL PRS is not considered for A-IoT system design. 
Based on the discussions above, in our view, reference signals for R2D are not considered for A-IoT system design.  
Proposal 3:
· Reference signals for R2D are not considered for A-IoT. 

Discussions on D2R channel/signal aspects
In this section, we present our views on PDRCH channel structure, control channel, random access channel and reference signal for A-IoT design. 
PDRCH channel structure for A-IoT
At the RAN1#116 meeting, it was agreed that a physical channel (PDRCH) is studied at least for D2R data transmission. The PDRCH channel can also be used for the response transmitted from device to reader during contention-based access procedure [1]. Further, it was agreed that 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 [1]. 
As mentioned above, PRDCH may consist of preamble, control command and data packet. The same design principle can apply to the physical structure of PDRCH, where the preamble can be used to indicate the start of physical channel and control command can be used to carry scheduling information of the corresponding data packet within the PDRCH transmission. 
It should be noted that depending on whether the reader is aware of the amount of data that is intended to be transmitted from the A-IoT device, the control command may or may not be present in the PDRCH transmission. For instance, if reader knows the payload size of data packet from A-IoT devices based on specific A-IoT applications, D2R data packet from A-IoT may immediately follow the preamble so that control command may not be needed in the PDRCH transmission.
In addition, data packet may not be included in the PDRCH transmission if the acknowledgement feedback in response to PRDCH transmission is carried by the PDRCH. In this case, the PDRCH transmission may only consist of preamble and control command. 
Figure 2 illustrates two options for PDRCH channel structure for A-IoT. In particular, PDRCH channel structure in Option A may consist of preamble, control command and optionally data packet if the reader is not aware of the payload size of the data packet; while PDRCH channel structure in Option B may consist of preamble and data packet if the reader knows the payload size of the data packet. 
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[bookmark: _Ref160804192][bookmark: _Hlk160804216]Figure 2. Options for PDRCH channel structure for A-IoT

As described in our companion contribution, in order to improve the link coverage from the device to reader in A-IoT system design, it may be more beneficial to utilize repetition for PDRCH transmission [3]. Depending on the design of physical channel structure, a back to back repetition may be considered, where the preamble may be inserted before each data transmission. Figure 3 illustrates one example of PDRCH repetitions for A-IoT. 
[image: ]
[bookmark: _Ref160805544][bookmark: _Ref160805538]Figure 3. PDRCH repetitions for A-IoT
Proposal 4:
· The following options can be considered for physical structure of PDRCH
· Option 1: PDRCH may consist of preamble, control command and optionally data packet.
· Option 2: PDRCH may consist of preamble and data packet.
· Repetitions can be considered for PDRCH transmission for A-IoT. 

Control channel for A-IoT
In NR, PUCCH serves the purpose of conveying essential uplink control information, which includes SR, HARQ-ACK feedback and CSI report. In particular, SR is used to request the uplink resources for PUSCH transmission, HARQ-ACK feedback is used to indicate whether UE successfully decodes the PDSCH transmission, and CSI report is used to indicate the DL channel conditions and assist the DL scheduling.
For DO-DTT and DT traffic types, it is envisioned that SR from A-IoT device is not needed. However, for DO-A traffic type where A-IoT initiates the D2R transmission autonomously, A-IoT devices may request the resource for D2R transmission using SR. 
In addition, as descried in our companion contribution, acknowledgement message may be beneficial to inform the transmitter of the successful decoding of PRDCH at the A-IoT device [3]. In this case, such a simple acknowledgment message may be carried by the control command from the device to reader. 
Further, as mentioned above, the CSI-RS transmission and corresponding CSI measurement and reporting may not be necessary for A-IoT system design as flexible resource allocation and link adaptation may not be considered for A-IoT system. 
Based on the discussions above, control command may still be needed to carry certain D2R control information, including SR if DO-A traffic type is introduced and a simple acknowledgement message in response to PRDCH transmission. However, as mentioned above, a dedicated D2R control channel may not be considered for A-IoT system design. The control command may be embedded in PDRCH transmission, which can help minimize specification and implementation effort. 
Proposal 5:
· Dedicated D2R control channel is not considered for A-IoT. 

Random access channel for A-IoT
As defined in the NR, Msg1 or PRACH is the first uplink transmission from UE during initial access, which is utilized to achieve uplink synchronization. However, for A-IoT system design, the necessity for D2R synchronization may be reduced for A-IoT system design, given that the A-IoT devices typically are located in close proximity to the reader. 
Further, as described in our companion contribution, due to the limitations of extremely low-cost A-IoT devices in maintaining timing for D2R transmissions, it is challenging to align D2R transmission timing between A-IoT and NR system. Hence, synchronous D2R transmission for A-IoT system can be considered [3]. Toward this design direction, PRACH transmission in the first step of random access procedure as defined for NR may not be essential for A-IoT system design. 
Proposal 6:
· PRACH for D2R is not considered for A-IoT. 

Reference signals for A-IoT
For NR, the following UL reference signals are defined to serve various purposes:
· DMRS associated with PUSCH and PUCCH, which is used for channel estimation and demodulation of corresponding data and control channel, respectively.
· PT-RS, which is used for phase noise estimation and compensation in FR2
· SRS, which is used for channel sounding
· SRS for positioning, which is used for UL based positioning
Similar to the R2D transmission, DMRS associated with PUCCH and PUSCH transmission, which is typically employed for channel estimation and demodulation, is not necessary for A-IoT D2R design. Further, PT-RS for D2R transmission is also not needed as the A-IoT system operates within the FR1 FDD system.
For SRS for MIMO, functionalities such as flexible resource allocation and link adaption are not expected for A-IoT system design. Hence, SRS transmission for MIMO is not considered for A-IoT D2R system. Further, as discussed in Section 4 for proximity detection, dedicated reference signal for UL based positioning measurement may not be considered due to large timing drift for A-IoT devices with low power consumption. Hence, SRS for positioning may not be considered for A-IoT system design. 
Based on the discussions above, in our view, reference signals for D2R are not considered for A-IoT system design.  
Proposal 7:
· Reference signals for D2R are not considered for A-IoT. 

Discussions on proximity determination
As indicated in the SID, feasibility and required functionalities for proximity determination needs to be studied for A-IoT [5]. As defined in NR, for DL TDOA based positioning, UE measures the arrival times of signals based on DL PRS from multiple TRPs and reports the measurement to the gNB. In addition, for UL RSTD based positioning, UE transmits SRS for positioning and gNB measures the time of arrival. Further, LMF collects the measurements from gNBs and calculates the location of UEs. 
If proximity determination is interpreted as the location determination of A-IoT device in the network, considering the large time drift of low power consumption A-IoT devices, it is extremely challenging for A-IoT to detect a R2D reference signal from the reader and accurately determine the arrival timing of the signals for positioning measurement. Hence, in our view, device based proximity determination is not considered for A-IoT system.
Similarly, for reader based proximity determination, the asynchronous nature of D2R transmission would pose a challenge for the reader to precisely determine the transmission timing of reference signal form A-IoT device, and hence the accuracy of the time of arrival for D2R transmission. In this regard, dedicated reference signal for positioning measurement may not be considered for A-IoT system. 
If proximity determination is intended to determine whether the A-IoT device is within the network, for use case such as inventory command, the reader can initiate the device to report the A-IoT device ID. If the reader successfully receives the A-IoT device ID from contention based random access procedure for inventory command, the reader can determine that the A-IoT device is within the proximity of network.  
Proposal 8:
· Device based proximity determination is not considered for A-IoT. 
· Further study on reader based proximity determination for A-IoT. 

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on downlink and uplink channel/signal aspects and proximity determination for A-IoT. Further, we summarize the proposals as follows:
Proposal 1:
· Physical structure of PRDCH may consist of preamble, control command and optionally data packet.
· Preamble is used for timing acquisition and for indicating the start of the R2D transmission 
· Control command is used to carry scheduling information of the corresponding data packet.
Proposal 2:
· Dedicated R2D control channel is not considered for A-IoT. 
Proposal 3:
· Reference signals for R2D are not considered for A-IoT. 
Proposal 4:
· The following options can be considered for physical structure of PDRCH
· Option 1: PDRCH may consist of preamble, control command and optionally data packet.
· Option 2: PDRCH may consist of preamble and data packet.
· Repetitions can be considered for PDRCH transmission for A-IoT. 
Proposal 5:
· Dedicated D2R control channel is not considered for A-IoT. 
Proposal 6:
· PRACH for D2R is not considered for A-IoT. 
Proposal 7:
· Reference signals for D2R are not considered for A-IoT. 
Proposal 8:
· Device based proximity determination is not considered for A-IoT. 
· Further study on reader based proximity determination for A-IoT. 
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