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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
According to the final FL summary of the RAN1#116bis meeting [1], it is recommended to discuss the following aspects, including the contents and mapping methods of the R2D and D2R control information, the structure/design details of the R2D and D2R preamble, proximity determination and intermediate UE impact on DL/UL channels/signals/control information.
	Based on the progress during RAN1#116bis, from FL perspective, for the next RAN1 meeting, following recommendation can be considered by companies for their contributions:
· Aspect 1: Discuss views on the R2D control information to be considered including aspects such as need for each R2D control information for PRDCH and/or PDRCH, if needed then whether it is fixed or signaled via L1 control information or higher-layer control information. 
· Based on the above, companies can provide their view on use of PRDCH for mapping R2D control information
· Aspect 2: Discuss views on the D2R control information to be considered including aspects such as need for each D2R control information, if needed then whether it is fixed or signaled via L1 control information or higher-layer control information. 
· Based on the above, companies can provide their view on use of PDRCH for D2R control information
· Aspect 3: Further design details of PRDCH and PDRCH considering above aspect 1 and aspect 2, respectively
· Aspect 4: Further structure/design details of preamble for R2D and D2R, respectively
· Aspect 5: Proximity determination aspects including
· Definition/criteria to define/determine near
· Methods/procedures (if needed) to determine near based on preferred definition/criteria
· Aspect 6: Intermediate UE aspects including impact on DL/UL channels/signals/control information


In this contribution, we will focus on discussing the contents and mapping methods of the R2D and D2R control information, as well as proximity determination aspects.
2 PRDCH
Contents of R2D control information
The R2D control can provide the information to schedule the R2D data transmission and/or D2R data transmission. Through analysis, we at least support that the following contents can be used as the R2D control information, as shown in Table 1 below:
Table 1: Contents of R2D control information
	Contents of control information
	R2D control to schedule R2D data transmission
	R2D control to schedule D2R data transmission

	Early control indication
	Y
	N

	Time domain resource allocation
	Y
	Y

	Frequency domain resource allocation
	N
	Y

	MCS
	N
	Y

	The number of information bits
	Y
	Y

	Energy harvesting indication
	Y
	N

	Power control
	N
	Y

	Repetitions
	Y
	Y


Our point of view is that the R2D control can be used to indicate some early necessary information, such as unicast, multicast, broadcast, device type/device ID/device group ID/reader ID, etc. The above necessary information needs to be indicated in advance to facilitate the arrangement of subsequent scheduling information. This is because not all information requires unicast or broadcast, and different types of devices require different scheduling information.
The R2D control can schedule multiple D2R transmissions for multiple A-IoT devices via time division multiplexing (TDM) or frequency division multiplexing (FDM). For time domain resource allocation, the reader can indicate whether the device expects D2R transmission after R2D transmission, R2D repetitions, other R2D new transmission, and the starting time/slot and/or duration for energy harvesting, etc. For frequency domain resource allocation, the indication of its carrier frequency and bandwidth configuration needs to be considered. Furthermore, for devices 2a/2b with frequency shift capability, it is also necessary to indicate the frequency shift/offset for D2R backscattering/active transmission.
Since the use of FEC encoding is not excluded, support for MCS is required, at least for D2R transmission. However, for R2D transmission, there is no need to support MCS due to the use of envelope detection and line coding. For R2D and D2R transmission, there is no need to support TBS, but it is necessary to support the number of information bits for the payload size indicated by R2D control.
RF energy can be transmitted by the BS/reader in topology 1, the UE/reader in topology 2, or other nodes separate from that of the reader. If it is sent by a UE/reader or a separate node, the start time/slot and/or duration for energy harvesting need to be scheduled by the BS for A-IoT device charging.
At least for D2R transmission, power control needs to be supported. On the one hand, power control helps reduce/mitigate interference when scheduling multiple D2R transmissions for multiple A-IoT devices. On the other hand, if the A-IoT device is close to the reader, the A-IoT device may not need to transmit with full power. Therefore, reducing the transmit power helps save energy and extend the duration of transmitting/receiving data.
Proposal 1	The R2D control can be used to provide the information to schedule the R2D transmission, and at least the following contents can be considered, including:
· Early control indication, such as unicast, multicast, broadcast, device type/device ID/device group ID/reader ID, etc.
· Time domain resource allocation
· The number of information bits
· Energy harvesting indication
· Repetitions
Proposal 2	The R2D control can be used to provide the information to schedule the D2R transmission, and at least the following contents can be considered, including:
· Time domain resource allocation
· Frequency domain resource allocation
· MCS
· The number of information bits
· Power control
· Repetitions
R2D control information mapping method
As analyzed in 2.1, there is indeed a need to define control information for PRDCH and PDRCH, and we also think it is feasible to map R2D control information, e.g., high-level control information, using PRDCH. However, we think that mapping R2D control information with only PRDCH is not sufficient. Take the length information of PRDCH as an example, we need to know it in order to know where the CRC is and do the check of PRDCH, so placing the length information into PRDCH does not work. Based on this, we support to use other parts of the R2D transmission to convey control information.
Observation 1	Only using PRDCH to map the control information is not sufficient and we support to use other parts of the R2D transmission to convey the control information.
Carrying control information with the R2D preamble
In the last meeting (RAN1#116bis), regarding the preamble of R2D transmission, the following agreements were 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 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


According to current agreements, a R2D transmission is shown as Figure 1 in which preamble contains start-indicator and clock-acquisition parts and other part or function is not excluded.
[image: ]
Figure 1. R2D transmission format according to the current agreement
From our point of view, we support to add R2D/D2R control field in the preamble, as shown in Figure 2, because it is straightforward and simple. However, considering that the control field placed in the preamble should not be too long, the control field can at least indicate the message type or the type of control message. When the control field is used to indicate the message type, such as an INVENTORY message, the message can be of fixed length so that the device can determine the message length by the message type. When the control field is indicative of a type of control information, fields, and lengths of control information it includes can be defined for each type of control information and the detail control information could be placed in the other part of the R2D transmission.
[image: ]
Figure 2. R2D transmission format include R2D/D2R control in preamble
Proposal 3	Support adding R2D/D2R control in the preamble which can at least indicate the message type or the type of control message.
Carrying control information with the R2D control
[image: ]
Figure 3. R2D transmission format include R2D/D2R control in control field
Based on our understanding, it is necessary to add a control field to PRDCH to transmit L1 control information, as shown in Figure 3. The necessity of adding a control field is at least the following: First, adding a control field is a prerequisite for ensuring that PRDCH can be used as the only channel. Data information alone cannot distinguish the type of data transmission, etc., and thus cannot achieve complete functions. Secondly, adding a control field can flexibly adjust the length of the data field and other contents, thereby improving the flexibility of channel design. finally, it is still necessary to carry necessary scheduling information. Although the design of Ambient IoT is simpler, related indications such as frequency domain resources and coding are indispensable.
Proposal 4	Support adding the control field in the PRDCH, which can at least indicate the data transmission type, data field length, scheduling information, etc.
3 PDRCH
Contents of D2R control information
The D2R control can provide the information to schedule the D2R data transmission. Through analysis, we at least support that the following contents can be used as the D2R control information, as shown in Table 2 below:
Table 2: Contents of D2R control information
	Contents of control information
	D2R control to schedule D2R data transmission

	Early control indication
	Y (At least to distinguish between control and data)

	MCS
	Y (Selected by the device but notified to the reader)

	The number of information bits
	Y (Selected by the device but notified to the reader)

	Repetitions
	Y (Selected by the device but notified to the reader)

	Transmit/max power
	Y

	ACK/NACK
	Y


From our point of view, for D2R transmission, early control information can at least be used to distinguish information types, such as control and data. For the MCS that uses D2R control to schedule D2R data transmission, the appropriate MCS can be selected based on the capability of the device, but the selected MCS needs to be notified/reported to the reader. Similarly, there is no need to support TBS for D2R transmission, but it is necessary to support the number of information bits for the payload size indicated by D2R control. For D2R transmission, the transmit/max power reporting is supported to facilitate proximity determination by the reader. In addition, the ACK/NACK response can be considered as the A-IoT device reporting to the reader whether the R2D transmission has been received successfully. Based on the response, the reader can adjust the subsequent R2D transmission or the A-IoT device can decide whether to participate in the next round of inventory/command or perform repetitions, etc.
Proposal 5	The D2R control can be used to provide the information to schedule the D2R transmission, and at least the following contents can be considered, including:
· Early control indication for distinguishing information types
· MCS
· The number of information bits
· Repetitions
· Transmit/max power
· ACK/NACK
D2R control information mapping method
As analyzed in section 2.2, the D2R control information mapping method is similar to the R2D control information mapping method. The detailed analysis is omitted here, and our opinion is directly given as follows:
Proposal 6	Support using the preamble or control field to map the D2R control information, which is similar to the R2D control information mapping method.
4 Proximity determination
Proximity determination enables the reader to identify whether the target A-IoT device is within very close range. Proximity determination is a function of the relative distance between the reader and the A-IoT, but unlike positioning, it does not aim at determining distance. Instead, it is determined in a binary manner which A-IoT devices are within the proximity range of the current reader, and which A-IoT devices are within the proximity range of other readers. In other words, the target A-IoT device needs to determine which readers are available nearby and can complete the inventory/command operation with the minimum transmit power.
First of all, in our opinion, whether the target A-IoT device is near the reader is decided by the reader. Since the reader has measurement capabilities, we recommend giving the threshold and comparing it with the reader’s measurement (such as RSSI/RSRP) results to determine whether the target A-IoT device is near the reader. Furthermore, to support measurements on the reader side, the A-IoT device should report its transmit power so that the reader can determine whether the target A-IoT device is nearby.
Observation 2	The reader can determine the proximity threshold through the RSSI/RSRP measurements of the D2R backscattering/transmit signal of the A-IoT device, and then the reader determines whether the target A-IoT device is determined as near based on measurements.
Proposal 7	Support the A-IoT device to report transmission/maximum power to assist the reader proximity determination.
5 Intermediate UE considerations for topology 2
Regarding intermediate UE considerations for topology 2, we recommend deprioritizing this sub-topic and further discussing it after the design of the PRDCH and PDRCH channels is complete.
Proposal 8	Deprioritizing discusses the intermediate UE considerations for topology 2.
6 Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The following observations and proposals are made:
Observation 1	Only using PRDCH to map the control information is not sufficient and we support to use other parts of the R2D transmission to convey the control information.
Observation 2	The reader can determine the proximity threshold through the RSSI/RSRP measurements of the D2R backscattering/transmit signal of the A-IoT device, and then the reader determines whether the target A-IoT device is determined as near based on measurements.

Proposal 1	The R2D control can be used to provide the information to schedule the R2D transmission, and at least the following contents can be considered, including:
· Early control indication, such as unicast, multicast, broadcast, device type/device ID/device group ID/reader ID, etc.
· Time domain resource allocation
· The number of information bits
· Energy harvesting indication
· Repetitions
Proposal 2	The R2D control can be used to provide the information to schedule the D2R transmission, and at least the following contents can be considered, including:
· Time domain resource allocation
· Frequency domain resource allocation
· MCS
· The number of information bits
· Power control
· Repetitions
Proposal 3	Support adding R2D/D2R control in the preamble which can at least indicate the message type or the type of control message.
Proposal 4	Support adding the control field in the PRDCH, which can at least indicate the data transmission type, data field length, scheduling information, etc.
[bookmark: _GoBack]Proposal 5	The D2R control can be used to provide the information to schedule the D2R transmission, and at least the following contents can be considered, including:
· Early control indication for distinguishing information types
· MCS
· The number of information bits
· Repetitions
· Transmit/max power
· ACK/NACK
Proposal 6	Support using the preamble or control field to map the D2R control information, which is similar to the R2D control information mapping method.
Proposal 7	Support the A-IoT device to report transmission/maximum power to assist the reader proximity determination.
Proposal 8	Deprioritizing discusses the intermediate UE considerations for topology 2.
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