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Introduction
In RAN1#116 Athens meeting [1][2], the following agreements related to downlink and upload channel/signal aspects for A-IOT are achieved:
	[bookmark: OLE_LINK2]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,
0. System information (if defined) is transmitted on the PRDCH
0. FFS Whether/how control information is transmitted on the PRDCH
1. Note: the naming of PRDCH is used for the sake of the study

R1-2401799	Feature lead summary#2 on downlink and uplink channel/signal aspects	Moderator (Apple)

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




In this contribution, we continue investigating the remaining issues and provide potential solutions.

Downlink channel/signal design aspect
[bookmark: OLE_LINK19]Based on the FL summary in [2], one of the remaining issues for DL channel and signal design is the control channel. Specifically, it is debated whether a separate DL control channel is needed or not, with two alternatives being considered: 1) a separate control channel, or 2) no separate control channel with the control information carried in the data channel instead. The control information content and design details are also for further study.

To resolve this issue and enable flexible control and data transmissions to support various use cases, we propose to separate the control channel and data channel for the R2D (Reader-to-Device) link. 

Having separate control and data channels allows each to be optimized for its specific purpose. The R2D control channel can focus on delivering commands to devices and enabling mechanisms like probing R2D distance, without the overhead of carrying larger data payloads. It provides a lean and efficient way to send frequent, small-size control information. On the other hand, the R2D data channel can be optimized for data transmission efficiency, considering different payload sizes and the different capabilities of A-IoT devices. The data channel design can employ techniques to minimize overhead, such as adapting the use of a post-amble based on the device's clock control capability.

Moreover, separate control and data channels provide the flexibility to support different combinations of control and data exchanges, which are required for handling various response types from the A-IoT devices. For example, to accommodate immediate, delayed or in-progress responses, the R2D control channel can be used to send commands requesting the response, while the R2D data channel can carry any associated downlink data if needed. The separation allows the control and data transmissions to be scheduled and combined in different patterns to enable diverse interaction models between the reader and devices.

The R2D control channel design has the additional benefit of being reusable for other A-IoT mechanisms that involve sending only small-size commands. One such example is proximity determination, where the reader can send repeated control commands with increasing repetition indices to probe the proximity of an A-IoT device. The device can respond when it accumulates sufficient energy to detect the command, allowing the reader to estimate the proximity based on the repetition level. This reuse simplifies the overall design.

The figure below illustrates the proposed separate R2D control and data channels and highlights some of their key benefits.

[image: ]
Figure 2‑1: Separated R2D control and data channels: The functionalities and benefits

In summary, to resolve the issue of handling different response types and enabling flexible control and data interactions for various A-IoT use cases, we propose:
[bookmark: _Ref163139298]
Proposal 1: Separate control channel and data channel for R2D (Reader-to-Device) transmissions.
Uplink channel/signal design aspect
Based on the FL summary in [2], some of the key remaining issues for UL channel and signal design include the need for postamble and midamble in addition to the preamble, whether the UL data channel carries only data/response or both data and control information, and the design details of the preamble, post-amble and mid-amble.

To resolve these issues and enable efficient uplink transmissions supporting different response types and A-IoT device capabilities, we propose to separate the preamble (followed by a short header) and data channel for the D2R (Device-to-Reader) link.

Having a separate preamble allows it to be sent once with the proper level of repetition based on the R2D distance identified through the proximity determination procedure. This avoids unnecessary overhead of repeating the preamble before every uplink transmission. The preamble is followed by a short header that can indicate information such as the response type (e.g., immediate, delayed, in-progress), the number of subsequent data segments to expect, or be reserved for future functionality enhancements. This header provides flexibility to support diverse D2R interactions in an efficient manner.

The D2R data channel can then be independently optimized to handle different payload sizes and adapt to the clock control capabilities of the A-IoT devices. For instance, devices with better clock stability may require fewer or no mid-ambles in the middle of the data transmission for Reader to track and compensate the clock drift. On the other hand, devices with limited clock control may need to provide mid-ambles more frequently appended at the end of the data segments. The data channel design can support these different scenarios while minimizing the overhead.

Moreover, the separation of preamble and data channel for D2R provides a consistent design compared to the R2D link discussed earlier. This overall symmetry and simplicity is beneficial for the system design. The D2R preamble and data channels can be temporally aligned and structured to work in conjunction with their R2D counterparts, enabling the variety of DL/UL interactions needed for different A-IoT use cases and device types.

The figure below illustrates the proposed D2R preamble and data channel structure and highlights some of the key benefits.
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Figure 3‑1: Separated D2R control and data channels: The functionalities and benefits

In summary, to optimize the uplink transmissions to efficiently support different response types and A-IoT device capabilities, we propose:
[bookmark: _Ref163139305]
Proposal 2: Separate preamble (followed by a short header) and data channel for D2R (Device-to-Reader) transmissions.
Proximity determination
Based on the FL summary [2], there are several remaining issues related to proximity determination for ambient IoT devices:
· The scope and definition of proximity determination is still under debate. The two main alternatives are 1) calculating the relative distance between the reader and the device, or 2) making a binary "near"/"far" decision. The target accuracy and near/far threshold are yet to be determined.
· The feasibility of performing proximity determination at the device side vs. the network side is also debated. Most companies agree that device-based proximity determination is challenging due to the power and complexity constraints of ambient IoT devices. Network-based proximity determination could be considered if it does not impose any additional burden on the devices.
· Potential methods for proximity determination are still to be discussed after clarifying the scope and feasibility.

To address these issues, especially enabling network-based proximity determination without burdening the ambient IoT devices, we propose leveraging the downlink control channel repetition.

The key idea is that the reader (base station or intermediate node) sends repeated control commands to the ambient IoT devices, with increasing repetition indices. An ambient IoT device responds when it accumulates sufficient energy to detect the command. Based on the minimum repetition index that triggers a response from the device, the reader can estimate the proximity. Devices that respond to lower repetition indices are considered "nearer" compared to those requiring higher repetitions to respond.

This method has several advantages. First, it avoids the need for introducing separate dedicated signals or complex measurements for proximity determination. The existing control signaling is reused, keeping the device design simple. Second, the ambient IoT devices are not required to perform any calculations or make decisions related to proximity. They simply respond when the accumulated signal energy is above a threshold, which aligns well with their low-complexity and low-power requirements.

Moreover, this proximity determination scheme leverages the separate downlink control channel design that we proposed earlier for supporting different ambient IoT use cases and response models. The control channel repetition can be easily integrated into that framework. This allows a cohesive and efficient overall design. The figure below illustrates the proposed proximity determination method based on downlink control channel repetition.
[image: ]
Figure 4‑1: Simple proximity determination procedure based of R2D control channel
In summary, to enable network-based proximity determination for ambient IoT devices while keeping the device functionality simple, we propose:

[bookmark: _Ref163139309]Proposal 3: Utilize R2D control channel repetition for proximity determination.


Conclusion 
[bookmark: _Ref95547977][bookmark: _Ref528853922][bookmark: _Ref481596356][bookmark: _Ref481781528][bookmark: _Ref481782557][bookmark: _Ref101789663][bookmark: _Ref102081114]In this contribution, we have the following proposals on the downlink and uplink channel/signal aspects for A- IoT: 
Proposal 1: Separate control channel and data channel for R2D (Reader-to-Device) transmissions.
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Proposal 2: Separate preamble (followed by a short header) and data channel for D2R (Device-to-Reader) transmissions.
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Proposal 3: Utilize R2D control channel repetition for proximity determination.
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