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1. [bookmark: _Ref27419]Introduction
In RAN1 #116 meeting, agreements on downlink/uplink channel/signal for Ambient IoT were reached in [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



[bookmark: OLE_LINK22]In this contribution, Ambient IoT physical layer design about downlink and uplink channel/signal is discussed.
2. Downlink(R2D) channel/signal
2.1. R2D Control information
In last RAN1#meeting, the R2D preamble is agreed to include at least for timing acquisition and for indicating the start of the R2D transmission in time domain. Meanwhile, a PRDCH is considered at least for R2D data transmission. However, there was no conclusion on whether and how control information is transmitted in PRDCH. 
· Contents of control information
The control information should contain the information which A-IoT device should obtain before data receiving, for example, the scheduling information (e.g., coding information, repetition information, etc), the transmission type information.
In RFID system, PIE or Manchester code are used in downlink(R2D), and the data rate can be obtained according to the chip length according to the preamble. 
In A-IoT system, due to the diverse use cases and coverage requirements, more flexible and adaptable coding schemes should be considered. For example, one information bit can be used to indicate encoded M bits, which correspond to different code rates. This flexibility allows for the utilization of different code rates for the target use case or coverage requirement. If A-IoT device does not know the coding information, the A-IoT device can not correctly decode the downlink data. Thus, if multiple coding schemes are used in A-IoT downlink system, the applied scheme should be conveyed in control information.
Similar as downlink, the information of uplink (e.g., uplink frequency offset, uplink encoding scheme) can also be considered in downlink control information, so that the A-IoT device understand how to respond to DL inventory/command. Since D2R transmission is triggered by downlink command, uplink scheduling information can also be placed in DL MAC.
[bookmark: _Toc28976][bookmark: _Toc22742]The DL control information at least includes coding schemes (e.g., code rate) for DL transmission. FFS: Uplink frequency offset, uplink encoding scheme for UL transmission.
A-IoT devices do not have a power supply and rely on harvesting energy from CW, potentially increasing the scheduling delay. Reducing unnecessary energy consumption and charging time is beneficial for latency reduction.
Referring to signaling design in NR, downlink signaling can be divided into three types of transmission: unicast, multicast, and broadcast. The transmission type can also be categorized according to the device types (i.e., type 1, type 2A, or type 2B) and each transmission may target different device types. If the device can know the type of transmission in advance, it can avoid unnecessary receiving and decoding, and reduce power consumption. This transmission type information can be included in control information. 
[bookmark: _Toc25430][bookmark: _Toc11650][bookmark: _Toc6029]Transmission type information (e.g., unicast, multicast, or broadcast information; device type 1, device type 2A, or device type 2B) can be included in control information to save the power of A-IoT device.
The content carried in the control information is not limited to the above information, other scheduling information (e.g., repetition number) can also be considered in the control information if needed.
Given the diverse control information to be transmitted before data, it is challenging to convey it via preamble. Therefore, a more suitable approach is to incorporated the control information in PRDCH and map it before data.
[bookmark: _Toc28639][bookmark: _Toc4037]Control information should be transmitted in PRDCH and the control field should be encoded independently.
It should be noted that, not all information needs to be transmitted at the physical layer, some downlink information (e.g., commands) can be transmitted in MAC CE.
· CRC of control information
Considering the CRC overhead, it is unnecessary to add CRC to the control information when payload size is small (e.g., less than 10 bits). However, if the number of information bits carried in the control information is sufficiently large, adding CRC separately for controlling information can be considered. The necessity of CRC attachment for control information should also consider the content of control information. If a transmission type information is transmitted in control information, adding CRC can ensure the false alarm rate of control information. If the control information is only for downlink data transmission, device only needs to know whether the data is decoded successfully, regardless of whether the control information is transmitted correctly, and adding CRC for control information is not needed.
[bookmark: _Toc13971][bookmark: _Toc19781][bookmark: _Toc15863]The necessity of CRC attachment for control information can be determined based on the number of control information bits and the content of controlling information.
· Coding method
As discussion above, both control information and downlink data are transmitted in PRDCH, and the control information can include code rate information of the data. 
It is obvious that, the coding method of control information should be pre-defined to enable the device to decode it correctly. Meanwhile and the coding method for data can be indicated by control information. Therefore, control information and data should be encoded independently, and their coding methods may differ. 
[bookmark: _Toc22995][bookmark: _Toc4864][bookmark: _Toc26689]Control information and data are encoded independently. FFS: Different encoding methods can be used.

2.2. R2D data
For downlink data transmission, whether data segmentation is necessary or not needs to be discussed. In 18000-6C[2], a BlockPermalock may permalock between zero and 4080 memory blocks, which means the number of bits of ‘Mask’ field can be up to 4080, and CRC-16 is used.
	18000-6C [2]
6.3.2.12.3.10 BlockPermalock (optional) 
...
A BlockPermalock may permalock between zero and 4080 memory blocks.
...
Mask specifies which memory blocks a Tag permalocks. Mask depends on the Read/Lock bit as 
follows: 
□ Read/Lock=02: The Interrogator shall omit Mask from the BlockPermalock. 
□ Read/Lock=12: The Interrogator shall include a Mask of length 16×BlockRange bits in the 
BlockPermalock. The Mask bits shall be ordered from lower-order block to higher (i.e. if 
BlockPtr=00h then the leading Mask bit refers to block 0).
...
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[bookmark: _Toc13085][bookmark: _Toc3426][bookmark: _Toc20437]In RFID, the length of downlink command can reach to thousands of bits, where data segmentation is not used.
According to TR 38.848, the design target of maximum message size to be received by the Ambient IoT device is approximately 1000 bits. Given (1) the relatively small maximum message size, (2) absence of HARQ and DL channel estimation, (3) line code contains clock recovery information, the benefits of performing downlink data segmentation in A-IoT system are limited.
[bookmark: _Toc17440][bookmark: _Toc3910][bookmark: _Toc4102]The benefits of performing downlink data segmentation are limited.

2.3. R2D signals
· R2D reference signal
In RAN1#116 meeting, the following proposal was discussed, but not approved.
	For ambient IoT devices, it is not expected to performance any downlink reference signals measurements and any complex operations 
- DL RS including DMRS, PTRS and CSI-RS are not considered


For the reference signals (e.g., DMRS, CSI-RS), UE needs to perform the measurement and report. It necessitates a certain level of computational capability, which is not suitable for A-IoT devices, especially for device type 1 with 1uW power consumption. Thus, downlink reference signals are not needed in A-IoT system. If proximity or channel measurement is necessary, it would be more appropriate for the gNB to implement these tasks using uplink signal transmitted by A-IoT device.
[bookmark: _Toc2122][bookmark: _Toc11704][bookmark: _Toc8858]It would be more appropriate for gNB to perform proximity estimation or channel measurement using uplink signal transmitted by A-IoT device.
[bookmark: _Toc28589][bookmark: _Toc2360][bookmark: _Toc18555]For ambient IoT devices, it is not expected to perform any R2D reference signals measurements and complex operations.
· [bookmark: _Toc16002][bookmark: _Toc28224][bookmark: _Toc20473]R2D RS including DMRS, PTRS and CSI-RS are not considered.
· New signals
As discussed in [3], it is recommended to utilize preamble and postamble in A-IoT downlink system. The sequence length of both preamble and postamble will relatively small. Thus, the design of new signals, with one signal designated for preamble and another for postamble, should be discussed.
[bookmark: _Toc12449][bookmark: _Toc20047][bookmark: _Toc13133]The R2D signal used for preamble, postamble should be discussed.
The discussion on frequency resource of R2D channel/signal can be found in our accompanying contribution [4].
3. Uplink(D2R) channel/signal
3.1. D2R Control information
In RAN1#116 meeting, whether a D2R control information is transmitted via PDRCH was not addressed. It is essential to discuss the necessity of control information before determining how to transmit it.
In NR, UCI is carried in PUCCH which indicates DL HARQ-ACK feedback, SR or channel measurement results. According to SID, there is no HARQ, no ARQ in A-IoT system. And per discussed above, it is too complicated to perform channel measurements by A-IoT device. In addition, the D2R signaling is triggered by the R2D commands. Consequently, SR seems unnecessary in A-IoT system. In most cases, the scheduling information of D2R data is transmitted to A-IoT device from reader, and no D2R control information is needed. 
However, if the A-IoT system allows the A-IoT device to autonomously select certain scheduling parameters (such as encoding method), it is feasible to carry corresponding information in the D2R control information.
[bookmark: _Toc3032][bookmark: _Toc14780][bookmark: _Toc7281]The necessity of D2R control information should be clarified firstly.

3.2. D2R data
Similar as downlink, whether data segmentation is needed in D2R data should also be discussed. In TR 38.848, approximately 1000 bits are to be transmitted from the Ambient IoT device to reader. Same as R2D link, the D2R data transmission is affected by SFO. As most companies proposed in last RAN1 meeting, the SFO of A-IoT device may range from 103 to105, potentially causing variations in the length of D2R symbols, which can impact data transmission performance.
To mitigate the impact of SFO, data segmentation can be considered. The D2R data can be divided into multiple segments, with midamble inserted between two adjacent segments. This midamble can be used to calibrate the length of D2R symbols and aids D2R data decoding. It should be noted that the reader can perform the channel measurement based on D2R signaling. Therefore, the midamble can function as D2R reference signal and assist reader to perform channel measurement. Leveraging the results of channel estimation, reader can improve the decoding performance of D2R data transmission.
[bookmark: _Toc7660][bookmark: _Toc5661][bookmark: _Toc22672]Data segmentation in D2R data transmission can be considered.
Each segment should be coded separately, with CRC generated for each segment and attached afterward. Through independent encoding, the reader can identify which data segments are correctly decoded and which need to be retransmitted. the overhead of retransmission can be reduced.
[bookmark: _Toc32375][bookmark: _Toc22803][bookmark: _Toc18211]Each segment should be coded separately with CRC generated for each segment and attached afterward.

3.3. Random access channel
In RAN1#116 meeting, the following agreement was captured. However, for random access(D2R), whether the PPRACH-like is needed was not addressed.
	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



In NR, PRACH is used to transmit preambles for random access which is associated with SSBs. The resource of initial access is configured by SIB1 and the procedure is initiated by UE. Moreover, the preamble occasion transmitted by PRACH is separately designed considering the aspects such as TA, FDM-ed/TDM-ed resource occasions to multiplexing different users, etc. However, in A-IoT, the inventory procedure is triggered by DL, i.e., request-and-response. Thus, the PRACH is not proper for A-IoT. 
[bookmark: _Toc3878][bookmark: _Toc17898][bookmark: _Toc24383]For ambient IoT device, for D2R random access, a separate channel for random access, like PRACH is not considered.

3.4. D2R signals
As discussed above, in A-IoT system, channel estimation or proximity determination should be performed by reader. And D2R reference signal to assist channel estimation or proximity determination can be considered.
Similar as downlink(R2D), preamble and postamble should be used in A-IoT D2R. The bit size of both preamble and postamble is relatively small, and a sequence can be used for these purposes. Thus, the design of new signals for preamble and postamble should be discussed.
In addition, if midamble is used in D2R, the midamble can also be a new signal or reuse the preamble. Therefore, the preamble, postamble or midamble can be used as D2R reference signal for channel measurement or proximity determination
[bookmark: _Toc24977][bookmark: _Toc25648][bookmark: _Toc1559]D2R signals (e.g., preamble, postamble, midamble) can be considered.
The discussion on frequency resource of D2R channel/signal can be found in our accompanying contribution [[4].

4. Proximity determination
In RAN#103 meeting, the following was agreed.
	Proposal 7
Implement the following objective revision in a SID revision:
· 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).


According to the agreement, the proximity determination is used to determine whether BS/intermediate UE and ambient IoT device are near each other or not. However, it is unclear about the threshold value used to distinguish near or far.
[bookmark: _Toc6841][bookmark: _Toc215][bookmark: _Toc21713]The threshold value to distinguish near or far is unclear.
[bookmark: _GoBack]In addition, the scenarios with proximity determination are also unclear. One possible case is multi-reader deployment. In such a setup, where multiple readers are deployed in the same area, they can reduce interference to each other by communicating only with A-IoT devices in close proximity. In this context, the threshold value used to determine the proximity should consider the distance between readers. Therefore, the threshold value can be determined by the reader according to specific requirements rather than being predefined.
Since proximity determination does not require precise distance measurement, RSSI or RSRP measurement can be used to determine whether the distance exceeds the threshold. And the threshold value corresponds to a RSSI threshold value. For RSSI or RSRP measurement, reader can measure D2R reference signal.
[bookmark: _Toc22025][bookmark: _Toc14908][bookmark: _Toc21959]RSSI or RSRP measurement can be used to determine whether BS/ intermediate UE and Ambient IoT device in proximity.
.
5. Conclusion
In this contribution, the downlink and uplink signal/channels are discussed for A-IoT. We have the following observations and proposals.
Observation 1: In RFID, the length of downlink command can reach to thousands of bits, where data segmentation is not used.
Observation 2: The benefits of performing downlink data segmentation are limited.
Observation 3: It would be more appropriate for gNB to perform proximity estimation or channel measurement using uplink signal transmitted by A-IoT device.
Observation 4: The threshold value to distinguish near or far is unclear.

Proposal 1: The DL control information at least includes coding schemes (e.g., code rate) for DL transmission. FFS: Uplink frequency offset, uplink encoding scheme for UL transmission.
Proposal 2: Transmission type information (e.g., unicast, multicast, or broadcast information; device type 1, device type 2A, or device type 2B) can be included in control information to save the power of A-IoT device.
Proposal 3: Control information should be transmitted in PRDCH and the control field should be encoded independently.
Proposal 4: The necessity of CRC attachment for control information can be determined based on the number of control information bits and the content of controlling information.
Proposal 5: Control information and data are encoded independently. FFS: Different encoding methods can be used.
Proposal 6: For ambient IoT devices, it is not expected to perform any R2D reference signals measurements and complex operations.
- R2D RS including DMRS, PTRS and CSI-RS are not considered.
Proposal 7: The R2D signal used for preamble, postamble should be discussed.
Proposal 8: The necessity of D2R control information should be clarified firstly.
Proposal 9: Data segmentation in D2R data transmission can be considered.
Proposal 10: Each segment should be coded separately with CRC generated for each segment and attached afterward.
Proposal 11: For ambient IoT device, for D2R random access, a separate channel for random access, like PRACH is not considered.
Proposal 12: D2R signals(e.g., preamble, postamble, midamble) can be considered.
Proposal 13: RSSI or RSRP measurement can be used to determine whether BS/ intermediate UE and Ambient IoT device in proximity.
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Table 6-67: BlockPermalock command
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