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In the revised SID for Ambient IoT [1], the study objectives where RAN1 is responsible are as follows:
	The following objectives are set, within the General Scope:
1. Evaluation assumptions
a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· Clause 5.8: 2D distribution of devices
b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
NOTE: strive to minimize evaluation cases in RAN1.

2. Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
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).
· 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 RAN1#116, several agreements were reached [2].
	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 feature lead summary, the moderator suggested several topics for RAN1#116bis [3]: R2D control information content and corresponding physical channel (PRDCH or other candidates); D2R control information content and corresponding physical channel (PDRCH or other candidates); PRDCH channel design; PDRCH channel design; Definition/scope of proximity determination; and Methods for proximity determination. We provide proposals on these topics as well as others. 
[bookmark: _Ref115331598][bookmark: _Ref129681832]Discussion 
Background
With agreements reached in RAN1#116 for data transmissions, the link from the reader to the device (R2D) supports PRDCH while the link from the device to the reader (D2R) supports PDRCH, as shown in Fig. 1. 
PRDCH for R2D
PDRCH for D2R

[bookmark: _Ref161213805]Fig. 1. PRDCH and PDRCH. 
As a starting point for discussion, a procedure similar to NR can be considered, as shown in Fig. 2, where a payload received from upper layers is received at the lower layer. A CRC is computed over the payload. Channel encoding, if defined, is applied to both the payload and CRC to create the PxxCH (DR/RD). The PxxCH is then mapped to the physical layer. Specific details about the channel coding and CRC for the PRDCH and PDRCH are discussed in [4] while timing aspects (including midamble) are discussed in [5]. 
PxxCH
Payload
CRC1
Payload
Receive payload for upper layers
Compute CRC
Channel encoding
Map to physical layer

[bookmark: _Ref161644210]Fig. 2. Basic processing flow for the PDRCH and PRDCH

PRDCH
In RAN1#116, an agreement indicating no support of a dedicated physical broadcast channel was reached. As part of another agreement, system information (if defined) is to be transmitted on the PRDCH. These two agreements touch on the topic of the casting type for the PRDCH: whether broadcast, multicast, and unicast are supported. Implicitly, unicast is support. The logical extension for system information is that broadcast is supported on the PRDCH. For some of the services envisioned for Ambient IoT, it seems multicast should be supported.
Proposal 1. For Ambient IoT, the PRDCH supports the following cast types: broadcast, multicast, and unicast.
If a device has information regarding the cast type, there may be some power savings benefits. For a unicast transmission, a device can stop receiving the PRDCH when it is not the recipient of the transmission. Likewise, for a multicast transmission, the device may stop receiving if the device is not part of the multicast group. For broadcast, a device has to receive the transmission. 
Observation 1: An Ambient IoT device can reduce power consumption if it is not a recipient for a multicast or unicast transmission.
Information about transmissions, e.g., DCI-like, was discussed in RAN1#116 in the FL summary. Several companies expressed little support for a dedicated control channel, a PDCCH-like channel, given its complexity. Some companies were considering support of some control information. 
While there can be additional fields depending on capability, the transmission information can include:
· Target device type
· Whether all devices should receive this PRDCH
· Whether Device 2a / 2b should receive this PRDCH
· Future devices
· Cast type: whether PRDCH is broadcast, unicast, multicast
· If multicast, a group id is provided
· If unicast, a [portion of] device id
· Modulation information about the PRDCH
· PRDCH length (if no end of transmission delimiter is introduced)
Proposal 2. For Ambient IoT, transmission information about the PRDCH can include device type, cast type with possible IDs, modulation information, and length of PRDCH. FFS other fields
The following figure illustrates some possible partitioning of the PRDCH. In Fig. 3a), there is only payload (data) and a CRC over the data. Fig. 3b) illustrates a PRDCH having some transmission information preceding the payload. The CRC covers both the transmission information and payload. In Fig. 3c), a header, which precedes the PRDCH, can contain some transmission information. In Fig. 3d), a dedicated control channel with transmission information and CRC precedes the PRDCH, while in Fig. 3e) the transmission information is split with a portion preceding the PRDCH. 
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[bookmark: _Ref161230821]Fig. 3. Possible locations of transmission information (Tx info) for the PRDCH. No Tx info in a), while the Tx info is part of the PRDCH in b). Transmission info precedes the PRDCH in c). A dedicated control channel carrying the Tx info in d). The Tx info is split with a portion before the PRDCH in e).
It should be noted that in NR sidelink, the physical layer provides two types of transmission information: the first sidelink control information (SCI) includes fields for link management, MCS / TBS for the PSSCH, resource reservation as well as an indicator of the format for the second SCI. The second SCI has fields for the cast type, destination id, source id, and HARQ management. The first SCI has its own channel while the second SCI is part of the PSSCH. 
The following table provides some advantages and disadvantages of the possible locations of transmission information for Ambient IoT shown in Fig. 3.
Table 1. Assessing the advantages of possible locations of transmission information.
	
	Advantages
	Disadvantages

	No transmission information
	· MAC layer is responsible for content
· For Topology 2, network can forward contents (payload) directly to intermediate node
	· Device may need to process MAC layer content before obtaining transmission information (may increase power consumption)
· Less likely to use a short CRC

	Tx info within PRDCH
	· Tx info can be managed by MAC
· Some integrity checking provided by CRC 
	· Same modulation used Tx info and payload
· Less likely to use a short CRC

	Tx info before the PRDCH
	· Allows device to stop receiving after processing Tx info
· Can decouple Tx info modulation from PRDCH modulation
	· May continue to receive if errors in Tx info

	Dedicated control channel
	· CRC provides integrity check over transmission information
· Allows device to stop receiving after processing Tx info
· Can decouple Tx info modulation from PRDCH modulation
	· Reliability of transmission information does not have to be better than payload without HARQ
· Device still receives at least portion of PDRCH
· Possibly complex procedures (search spaces, etc.)

	Tx info within PRDCH and before the PRDCH
	· Tx info 2 can be managed by MAC
· Some integrity checking for Tx info 2 provided by CRC
· Allows device to stop receiving after processing Tx info 1
· Can decouple Tx info 1 modulation from PRDCH modulation
	· May continue to receive if errors in Tx info 1



One primary consideration for the location of the transmission information is device complexity. For low device complexity, the study item indicates no support of ARQ / HARQ. The implication is the reliability of control information (i.e., control information) is not expected to be higher than the data. Thus, having a dedicated channel, as shown in Fig. 3d, has little benefit. 
Another consideration is whether having an integrity check (CRC) over the transmission information is needed. Since a CRC covers the payload, the integrity of the payload, which includes the commands and application information, is ensured. If the device type or cast type is incorrectly received, the intended device may stop receive the payload, or may receive the payload but fail the packet integrity check. If a length field is included and if any bits are in error, the number of bits processed by the CRC will be incorrect, resulting in an incorrect CRC calculation.
For power considerations (to have a device stop receiving if the PRDCH is not for the device), consider adding transmission information within the PRDCH and before the PRDCH (Fig. 3e).
Proposal 3: For Ambient IoT devices, transmission information located before the PRDCH and within the PRDCH is supported.
PDRCH
In RAN1#116, there was an agreement to introduce a physical device-to-reader channel (PDRCH). There was also an FFS to consider D2R control information.
Considering NR as a baseline for uplink control information, the UCI carries combinations of HARQ-ACK feedback, channel state information (CSI), and scheduling requests (SRs). For Ambient IoT, channel measurements can increase power consumption and may not be needed for adaptive coding as channel coding for the R2D link is not envisioned. Furthermore, the device may implement a very simple (and possibly non-linear) receiver. We do not see a need to support CSI in the D2R control information.
Observation 2: For the D2R link, supporting any channel state information as part of the D2R control information appears unnecessary for complexity reasons.
In NR, resources for a scheduling request are assigned on a periodic basis. The periodicity is based on the device maintaining accurate timing. When a UE has data to transmit, and is unable to transmit a MAC message regarding its buffer status request, the UE sends a SR. For Ambient IoT devices, generally, a device transmits in a response to a command. If it has data to transmit outside a command, the device can initiate a contention-based access when the opportunity for the access becomes available. Additionally, RAN2 can consider adding a request as part of its protocol. Thus, we do not see a need to support SR in the D2R control information.
Observation 3: For the D2R link, supporting a scheduling request as part of the D2R control information appears unnecessary.
Since neither HARQ nor ARQ is supported in the study item, it is not necessary to support HARQ-ACK feedback in the D2R control information. Any higher-layer (e.g., application layer) acknowledgement information can be fed back as part of the payload. 
Observation 4: For the D2R link, acknowledgements need not be supported as part of the D2R control information.
There may be other fields to consider as part of the D2R control information, such as a length. As the device is responsive to commands, the reader should be aware of the length of the PDRCH, including if channel coding is used on the R2D link. Thus, having a length in the D2R control information seems unnecessary.
Fig. 4b)-d) show possible locations for the D2R control information, if it present. Fig. 4a) shows no D2R control information while Fig. 4b) shows D2R control information as part of the PDRCH. Here the D2R control information is covered by a CRC and possibly encoded to address link performance and integrity. Fig. 4c) shows that the D2R control information is outside the PDRCH and is not covered by a CRC nor has channel coding. Fig. 4d) shows the D2R control information in its own channel, which possibly increase transmission size for the D2R. At this point, however, it appears that D2R control information is unnecessary so 4a) may be sufficient.
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[bookmark: _Ref161654379]Fig. 4. Possible locations of D2R control information (D2R info) for the PDRCH. No D2R information in a), while the D2R information is part of the PDRCH in b). D2R information precedes the PDRCH in c). A dedicated channel carrying the D2R information in d).
Proposal 4: For Ambient IoT devices, D2R control information accompanying the PDRCH is not supported for scheduling requests, channel state information, length, and acknowledgements.
Proximity determination
The study item objective regarding proximity determination [1] was updated to 
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).

The FL had two proposals, which garnered a number of responses [3].
	[CLOSED] Proposal 2.3-1
For ambient IoT devices, the proximity determination is to calculate:
· Alt. 1:  Relative distance between the reader and the ambient IoT device
· FFS: Target accuracy
· Alt. 2: Binary distance between the reader and the ambient IoT device, i.e. whether they are “near” or “far”
· FFS: Details on how to define/determine “near” and “far”

[CLOSED] Proposal 2.3-2
For ambient IoT devices, the proximity determination, if agreed, can be done at:
· Alt. 1: Only at reader side (base station and/or intermediate UE)
· Alt. 2: Either reader side or ambient IoT device side

Proposal for online
For ambient IoT devices, proximity determination is used to determine the binary distance between the reader and the ambient IoT device, i.e. whether they are “near” or “far”
· FFS: Details on how to define/determine “near” and “far”




For the first proposal, many companies viewed Alt. 1 as a form of positioning and out of the study scope. Others viewed Alt. 2 as unclear because inventory can determine whether the device can be reached via the radio. Several companies felt both proposals should be treated together. After RAN#103 revised the SID, Alt. 1 is effectively removed from consideration.
Fig. 5 shows a possible application of proximity determination. In a), the device is in coverage of the reader and is located left of the reader. In Fig. 5b), the device is right of the reader but out of coverage.
a)
b)

Fig. 5. a) device located left of reader and is in coverage; b) device is out of coverage
There are several observations about the device and reader. For the device, given its low power consumption and possibly simple receiver technology (e.g., limited selectivity), it may not be able to measure received power accurately, if at all. Furthermore, since a device may not transmit signals frequently, measurements at a reader may get outdated. In addition, with its high sampling frequency offset (SFO), the device may not maintain timing precisely, which may affect accuracy of measurements at the reader. 
With these observations, proximity determination may be whether a device is in coverage of a reader (Fig. 5a) or not (Fig. 5c). While reader implementations can determine the direction of a device, a response to a message from a reader is sufficient to determine whether a device is in coverage of a reader.
Proposal 5: For proximity determination, a device in coverage of a reader is sufficient to conclude whether a device is near a reader.
[bookmark: _Hlk161409510]The second FL question for where proximity determination is performed should be rephrased. Since the reader is obviously involved for proximity determination, the question can be “in addition to the reader, should the device be involved?” From a device perspective, power measurements may increase device complexity / power consumption. Even if a device is capable of measuring signal power, the absence of receive selectivity may allow the power of unwanted / interfering signals to be included in the measured power. Most likely, the measurements provided by a device may not be accurate, especially if there is no power calibration at the device. In addition, any feedback consumes device power. We then propose
Proposal 6: No proximity related measurements or feedback to the reader are supported 
For proximity determination at a reader, it is whether a reply from a device is received, and any enhancements to that reply are up to implementation. For example, in Topology 2, a reader can measure received signal power of the reply at several locations as it moves. These measurements could be used to determine the proximity of the device to the reader. For Topology 1, the reader may be stationary. By varying the transmit power of commands / messages, the reader could determine proximity when it is unable to receive a response. Another option for a reader is to perform beam sweeping to determine the proximity of the device. A possible rephrasing is
Proposal 7: A conclusion that a reader performs proximity determination of Ambient IoT devices. Details are up to implementation.

Conclusion
This contribution has discussed channels for Ambient IoT devices.
Proposal 1. For Ambient IoT, the PRDCH supports the following cast types: broadcast, multicast, and unicast.
Observation 1: An Ambient IoT device can reduce power consumption if it is not a recipient for a multicast or unicast transmission.
Proposal 2. For Ambient IoT, transmission information about the PRDCH can include device type, cast type with possible IDs, modulation information, and length of PRDCH. FFS other fields
Proposal 3: For Ambient IoT devices, transmission information located before the PRDCH and within the PRDCH is supported.
Observation 2: For the D2R link, supporting any channel state information as part of the D2R control information appears unnecessary for complexity reasons.
Observation 3: For the D2R link, supporting a scheduling request as part of the D2R control information appears unnecessary.
Observation 4: For the D2R link, acknowledgements need not be supported as part of the D2R control information.
Proposal 4: For Ambient IoT devices, D2R control information accompanying the PDRCH is not supported for scheduling requests, channel state information, length, and acknowledgements.
Proposal 5: For proximity determination, a device in coverage of a reader is sufficient to conclude whether a device is near a reader.
Proposal 6: No proximity related measurements or feedback to the reader are supported 
Proposal 7: A conclusion that a reader performs proximity determination of Ambient IoT devices. Details are up to implementation.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref158023825][bookmark: _Hlk162269655][bookmark: _Ref114230782][bookmark: _Ref100319889]RP-240826, “Revised SID: Study on solutions for Ambient IoT (Internet of Things) in NR”, CMCC, Huawei, T-Mobile USA, Mar. 18-21, 2024.
[bookmark: _Ref161038695][bookmark: _Ref158042202]R1-2401767, “Chair’s notes RAN1#116 9.4 R19 Ambient IoT (eom)”, Chair, RAN1#116, Feb. 26 - Mar. 1, 2024
[bookmark: _Ref161038700]R1-2401857, “Final feature lead summary on downlink and uplink channel/signal aspect”, Apple, RAN1#116, Feb. 26 - Mar. 1, 2024
[bookmark: _Ref161214664]R1-2402042, “Discussion on physical layer design for Ambient IoT devices”, Futurewei, RAN1#116bis, Apr. 15 – 19, 2024
[bookmark: _Ref161214696][bookmark: _Ref158364211]R1-2402043, “Discussion on Frame Structure and Timing Aspects for Ambient IoT”, Futurewei, RAN1#116bis, Apr. 15 – 19, 2024
Appendix
	[bookmark: _Hlk162276236]For agenda 9.4.1.1 and 9.4.2.4
The CW scenarios discussed in 9.4.2.4 has been agreed in RAN1#116. For 9.4.1.1, it may also have the coverage/link budget evaluation scenarios. To be aligned with the agreements, it is expected that companies to clarify the assumption of CW when they discuss coverage/link budget evaluation scenarios in 9.4.1.1.  For example,  
· for the coverage evaluation D1T1-A (CW inside topology), what is the CW assumption: Case 1-1/1-2?
· for the coverage evaluation D2T2-B (CW outside topology), what is the CW assumption: Case 2-3/2-4?
It is also encouraged that companies to provide other important assumptions when they are providing the coverage/link budget evaluation.

For agenda 9.4.1.1 and 9.4.1.2
· For 9.4.1.1 evaluation, it is expected to agree on a few threshold value(s) for study the coverage only. The feasibility of these threshold can be further discussed in 9.4.1.2.

For agenda 9.4.2.2 and 9.4.2.3
Generally speaking, 
· Anything related to channel design (such as 38.211/212 related) is to be discussed in 9.4.2.3, 
· Anything related to procedure aspects (such as 38.213/214 related) is to be discussed in 9.4.2.2. 

To some specific aspects of topics, it is suggested as follows,
· synchronization procedure related aspects, e.g., periodic/aperiodic/on-demand, to be discussed in 9.4.2.2
· synchronization signals design, e.g., preamble (if any) and other signal design, to be discussed in 9.4.2.3
· physical channels (PRDCH, PDRCH), e.g., channel structure/payload/…, to be discussed in 9.4.2.3
· random access procedure related, to be discussed in 9.4.2.2
· random access channel if any, to be discussed in 9.4.2.3
· scheduling information, 
· which of the scheduling information to be indicated, e.g., TB size, resource allocation and anything related to scheduling and timing procedure, to be discussed in 9.4.2.2,
· how to indicate the scheduling information by a physical channel, to be discussed in 9.4.2.3.
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