3GPP TSG RAN WG1 #116bis	R1-2402076
Changsha, China, Apr. 15th - 19th, 2024

Source:	Nokia
Title:	R2D and D2R channel/signal aspects for Ambient IoT
Agenda item:	9.4.2.3
Document for:	Discussion and Decision
Introduction
In this document, we will present our views on the list of physical channels that can be considered for study and evaluation in the context of AIoT use case. We will present the topics that are highlighted in the previous RAN1#116 meeting by FL.
Previous Agreements
RAN1#116-bis considerations
In RAN1#116, the FL proposed the following consideration for the RAN1#116-bis meeting [1]:
	· 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/PDRCH channel designs
Definition/scop of proximity determination



[bookmark: _Hlk510705081]Discussion
In the following, the terminologies ‘R2D’, ‘D2R’, ‘CW’, ‘CW2D’ and ‘RF-EH’ are adopted as captured in [2]. For clarity, Figure 1 depicts the following terminologies: 
· Reader to device (R2D) refers to the signal between the reader and the device (tag). In the FL summary in section 1, the R2D channel has been referred to as downlink signal.
· PRDCH is the physical channel between the activator and the AIoT device.
· PDRCH refers to the physical channel between the AIoT device and the reader.
· Device to reader (D2R) signal is the signal sent/backscattered by the device and which the reader is observing and attempting to detect. In the FL summary from section 1, this channel has been referred to as uplink signal. 
· Contention-based access is used instead of random access.


[bookmark: _Ref161321366]Figure 1: Terminology.

Topic 1: R2D (reader-to-device transmission channels)
Synchronization signals (including preamble/midamble/postamble)
The following agreement is reached in RAN1#116 under the agenda item 9.4.2.2.
	Agreement
At least the following time domain frame structure is studied for A-IoT R2D and D2R transmission.
· For R2D transmission,
· 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.
· For D2R transmission,
· 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.
· FFS other necessary component(s), e.g. midamble, postamble, periodic sync signal, control fields, guard period



Preamble
Given the nature of the devices to be read and the agreed topologies, there is no need for periodic synchronization signal transmission. Instead, a preamble-based synchronization is the preferred option, where the preamble is attached to the R2D signal. The preamble serves at least two purposes i.e., that of synchronization and of delimiting the start of the R2D signal as discussed in R1-2401857 [1]:  
	For ambient IoT devices, if preamble-based downlink synchronization is considered, then one of the following options is considered for delimiter for downlink transmission.
•	Alt. 1: Delimiter is not needed, and preamble can serve the purpose of delimiter, i.e. to signal the start of downlink reception
•	Alt. 2: Delimiter is considered and embedded within the preamble
•	Alt. 3: Delimiter is considered and added separately before the preamble


The preamble is a known sequence that is used by the tag or the reader to obtain the synchronization by determining the start of a transmission, i.e., identifying the frame boundary. In the case of device type 1, i.e., tag performs blind detection of a series of ON/OFF keying signal, it is necessary to include a delimiter field that provides a distinct characteristic in the received waveform to assist the tag in determining the ON/OFF keying signal pattern. However, the use of delimiter may not be needed for device type 2a/2b, if equipped with I/Q receiver as the sequence correlation may provide enough processing gain to provide a distinct peak to determine the frame boundary or the start of a transmission.
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Figure 2 Preamble format (delimiter included) with optional header field.
Furthermore, the use of Manchester encoding for the preamble may be imperative to ensure proper synchronization and threshold determination at the tag. The rate of Manchester encoding can be decided during the SI to ensure reliable detection even with the sampling offset of ppm agreed in the SID. Thus, to summarize the above discussion, the preamble field may consist of the following fields.
· A delimiter field, which consists of first  samples to indicate the start of the R2D signal. The start may be indicated by sending a known signal, namely, a start reference signal, which may encode a binary sequence known to indicate the start of the frame.
· This is followed by a second set of  samples, which carries a synchronization word or sequence. The synchronization signal may be like a NR synchronization signals, namely, Zadoff-Chu, m-sequence, or Gold sequence, or it may be a simple OOK/BPSK sequence with Manchester encoding.
· The use of Manchester encoding is necessary for the synchronization sequency as it ensures frequent transitions at the bit rate irrespective of the information bit sequence, thus avoid a constant level if the information bits stay the same.
[bookmark: _Toc163248949][bookmark: _Toc163248950]
[bookmark: _Toc163255840]The preamble may consist of two distinct fields, namely, a delimiter field to identify the start of a frame followed by a sync word carrying a known sequence of bits or samples to assist the tag to obtain the timing alignment
[bookmark: _Toc163255856]RAN1 to study in AI 9.4.2.2 the structure of the R2D preamble and whether the preamble needs to be split between a delimiter followed by a synchronization field.
Midamble and postamble
RAN1 also discussed the need of a midamble in R2D signal for ensuring that the device remains synchronized with the reader (activator). It is worth noting that the AIoT transmission uses low data rate and may last only for a shorter period. Therefore, impact of sampling frequency offset, which is in the order of ppm, may not degrade the detectability of AIoT device. Furthermore, given the reduced power and processing capabilities of the AIoT device, and the activation range, there is no obvious reason why the AIoT device may require re-synchronization during the ongoing R2D signal reception. 
Lastly, a postamble to end the R2D signal reception, was also discussed by many companies in the previous meeting. The use of postamble may not be needed if the length of each R2D transmission uses a fixed length or the size of the payload is indicated by other means, namely, a control signal or by using a unique preamble sequence. This has been captured by the FL summary in one of the proposal presented [1], which is as follows.
	For ambient IoT devices, consider following options for postamble for downlink transmissions. 
· Alt. 1: Postamble is not considered.
· Alt. 2: Postamble is considered for adding at the end of the downlink transmission to signal the termination of downlink.
FFS: Whether it is always added irrespective of the transport block size




[bookmark: _Toc163255841]The use of midamble is needed to reacquire the timing synchronization for the device having large sampling offset, if the duration of the transmission lasts longer following the preamble.
[bookmark: _Toc163255842]Even with large sampling offset, midamble may not be needed if the payload length is short, since the initial timing alignment is carried out by the preamble sequence.
[bookmark: _Toc163255843]Terminating the PRDCH transmission with a postamble may provide two benefits, namely, the variable payload length and to provide timing acquisition before the subsequent transmission of either PDRCH or PRDCH, thus improving the detectability at both reader and the device, respectively.
[bookmark: _Toc163249395][bookmark: _Toc163249462][bookmark: _Toc163249506][bookmark: _Toc163249702][bookmark: _Toc163249812][bookmark: _Toc163250140][bookmark: _Toc163255857]Study in AI 9.4.2.2 the design of the R2D postamble that may contain a known stop sequence to indicate the end of the frame. 

Broadcast channel
The following FL proposal was discussed in RAN1#116 [1]:
	For ambient IoT devices, periodic broadcast channel, i.e. PBCH is not considered.
· FFS: Whether/how dynamic/aperiodic broadcast information is transmitted (if needed), e.g. via downlink data channel


And the following agreements were reached in RAN1#116:
	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



As per the agreements, no PBCH-like dedicated physical broadcast channel is considered. Instead, any system information (SI), if defined, is transmitted on the PRDCH.
In AIoT scenarios, it may be beneficial to provide the configuration on at least access parameters, e.g., if defined, backoff time, resources or time-frequency resource offset, etc., via SI. However, the AIoT devices have different memory capability and not all devices may be able to hold the SI in the memory for long. Therefore, at first, the essential system information needs to be identified. In addition, how the SI-contained PRDCH can effectively be transmitted to avoid SI duplication at the device needs to be studied.    
[bookmark: _Toc163255844]The broadcast information containing configuration for channel access, e.g., initial contention-based access, may be beneficial, and may precede any device-specific configuration information.
[bookmark: _Toc163255858]RAN1 to study what broadcast information is required for the AIoT device and to identify how it should be included in the PRDCH channel.  
Control and data channels
The following FL proposal is relevant to control channel study:
	For ambient IoT devices, consider one of the following options for transmission of downlink control information, if needed:
· Alt. 1: Downlink control channel is considered for transmitting downlink control information (if needed) to the ambient IoT device.
· FFS: Details of downlink control information and the downlink control channel for ambient IoT
· Alt. 2: Downlink control channel is not considered for transmitting downlink control information (if needed) to the ambient IoT device.
· FFS: Details of downlink control information transmission via physical downlink data channel (if agreed)



The need for a separate control channel or not depends on number of factors that can be considered for an AIoT transmission, which are listed as follows.
· If there are fewer modulation schemes determined during the SI as the probable schemes, then the choice of modulation scheme used for the payload must be informed. Furthermore, a tag must know the possible modulation scheme used for the control information apriori, i.e., only a subset of modulation available for the data channel can be used for control channel to limit the blind detection complexity. Thus, defining a separate control channel may be efficient, since the configurable parameters used to indicate the payload construction can vary quite large due to the capability of device types used in AIoT SI.
· If the trade-off between the power and complexity is large enough to limit the number of configurable parameters used for different device types, then the control information can be appended to the data channel itself with a single CRC for both control and payload, thus reducing the complexity of the tag. In such a case, having a separate control channel may not be efficient as the CRC overhead for few configurable control bits may be redundant. 
Thus, given the early stage of the discussion, both alternatives should be considered for discussion. 
[bookmark: _Toc163255845]The need for having a separate control channel depends on the type of information it must carry and the size of the message. If the content of the control information is small, perhaps a separate control channel may not be efficient. However, if different device types support different set of configurable parameters, it may be worth to study the possibility of having a separate control channel in addition to the data channel. 
[bookmark: _Toc163255859]RAN1 to study both alternatives Alt. 1 and Alt 2 for transmitting control information and ensure a unified design can be achieved for all AIoT device types. 
The following agreement is relevant to data channel study:
	Agreement
For ambient IoT devices, at least for R2D data transmission, a physical channel (PR2DCH) is studied,
· System information (if defined) is transmitted on the PR2DCH.
· FFS Whether/how control information is transmitted on the PR2DCH.
· Note: the naming of PR2DCH is used for the sake of the study



PRDCH may thus contain wakeup/query commands, other data traffic or configuration information for the subsequent PDRCH transmission. The presence of such information may depend on the AIoT device type being served. The content of PRDCH payload may carry the following information.
· (wake-up info) used to indicate the ID of one or more AIoT devices which should reply to the activation signal. The IDs may be communicated in the native format, i.e., the signal may encode the ID in its phase and/or amplitude, or it may be encoded and modulated by the complex symbols e.g., modulated OOK waveform carrying a sequence in the ON duration for device types 2a/2b.
· The operation mode selected for the AIoT device – this is relevant for hybrid AIoT devices that can switch between type 1, 2a and 2b. If the operation mode is pre-configured by a session control unit, this field may be absent from the payload fields.
· (config info) carries configuration information for the AIOT reply including:
· Query command e.g., if the AIoT reply is for e.g., reading or localization. This information may be used by the AIoT device to trigger a given reply mode including the type of signal it transmits.
· The transmit power in case the device is type 2.
· The reply offset with respect to the reception time of the PRDCH.
· The frequency offset with respect to the reception frequency for the PRDCH in case of device 2a/2b.
· Modulation and any FEC usage on OOK symbols.

[bookmark: _Toc163248960][bookmark: _Toc163248989][bookmark: _Toc163249016]
[bookmark: _Toc163248961][bookmark: _Toc163248990][bookmark: _Toc163249017][bookmark: _Toc163249043][bookmark: _Toc163249068][bookmark: _Toc163249373][bookmark: _Toc163249444][bookmark: _Toc163249488][bookmark: _Toc163249684][bookmark: _Toc163249794][bookmark: _Toc163250122][bookmark: _Toc163248962][bookmark: _Toc163248991][bookmark: _Toc163249018][bookmark: _Toc163249044][bookmark: _Toc163249069][bookmark: _Toc163249095][bookmark: _Toc163249374][bookmark: _Toc163249445][bookmark: _Toc163249489][bookmark: _Toc163249685][bookmark: _Toc163249795][bookmark: _Toc163250123][bookmark: _Toc163248963][bookmark: _Toc163248992][bookmark: _Toc163249019][bookmark: _Toc163249045][bookmark: _Toc163249070][bookmark: _Toc163249096][bookmark: _Toc163249122][bookmark: _Toc163249176][bookmark: _Toc163249204][bookmark: _Toc163249232][bookmark: _Toc163249259][bookmark: _Toc163249287][bookmark: _Toc163249315][bookmark: _Toc163249346][bookmark: _Toc163249375][bookmark: _Toc163249446][bookmark: _Toc163249490][bookmark: _Toc163249686][bookmark: _Toc163249796][bookmark: _Toc163250124][bookmark: _Toc163248964][bookmark: _Toc163248993][bookmark: _Toc163249020][bookmark: _Toc163249046][bookmark: _Toc163249071][bookmark: _Toc163249097][bookmark: _Toc163249123][bookmark: _Toc163249150][bookmark: _Toc163249178][bookmark: _Toc163249376][bookmark: _Toc163249447][bookmark: _Toc163249491][bookmark: _Toc163249687][bookmark: _Toc163249797][bookmark: _Toc163250125][bookmark: _Toc163248965][bookmark: _Toc163248994][bookmark: _Toc163249021][bookmark: _Toc163249047][bookmark: _Toc163249072][bookmark: _Toc163249098][bookmark: _Toc163249124][bookmark: _Toc163249151][bookmark: _Toc163249179][bookmark: _Toc163249207][bookmark: _Toc163249234][bookmark: _Toc163249377][bookmark: _Toc163249448][bookmark: _Toc163249492][bookmark: _Toc163249688][bookmark: _Toc163249798][bookmark: _Toc163250126][bookmark: _Toc163255846]The PRDCH may carry a wake-up info to select a subset of devices for the inventory process in addition to the modulation and resource allocation fields targeted towards a specific device type.
[bookmark: _Toc163248966][bookmark: _Toc163248995][bookmark: _Toc163249022][bookmark: _Toc163249048][bookmark: _Toc163249073][bookmark: _Toc163249099][bookmark: _Toc163249125][bookmark: _Toc163249152][bookmark: _Toc163249180][bookmark: _Toc163249208][bookmark: _Toc163249235][bookmark: _Toc163249263][bookmark: _Toc163249291]
[bookmark: _Toc163255860]RAN1 to study the necessary information to be contained in PRDCH depending on the AIoT device type, including activation and query commands.
Reference signals
RAN1 discussions around reference signals are summarized below [1]:
	For ambient IoT devices, it is not expected to performance any downlink reference signals measurements and any complex operations
· [bookmark: OLE_LINK18]DL RS including DMRS, PTRS and CSI-RS are not considered.
· Note: preamble, postamble and midamble based DL signals are separately discussed



[bookmark: _Toc163255847]Due to the limited capabilities of AIoT device, complex measurements based on reference signals, are quite challenging. In the case of device type 2a/2b, the AIoT device may perform simple measurement operations that can be useful for link adaptation. However, it is too early to exclude all types of measurements e.g. power based like RSSI, especially for AIoT device type 2a/2b.
[bookmark: _Toc163255861]RAN1 to study whether the signals like preamble, midamble, and postamble can be reused for reference signals and if so, then what kind of measurement metrics can be obtained that can be used to improve the detection performance.
Topic 2: D2R (device-to-reader transmission channels)
Synchronization signals (including preamble/midamble/postamble)
Preamble
	For ambient IoT devices, preamble-based uplink synchronization and uplink transmission start is considered
· A preamble is attached at the beginning of uplink transmission 
· FFS: Details of preamble sequence/design



The D2R signal transmission between the AIoT device to the reader may contain preamble which may be split between:
· (start indicator) A first set of samples used to indicate the start of the frame. The start of the frame may be indicated by sending a known signal, called start reference signal which may encode a binary sequence known to indicate the end of the frame.
· (sync) A second set of samples, following the first set, used to send a synchronization signal. The synchronization signal may be like NR synchronization signals (e.g. Zadoff-Chu or Gold sequences), or it may be a BPSK signal like a Manchester code.
[bookmark: _Toc163255848]To determine the start of the uplink frame and to detect and correct the sampling offset introduced by the device transmission, the need for preamble is inevitable in the PDRCH transmission.
[bookmark: _Toc163249401][bookmark: _Toc163249468][bookmark: _Toc163249512][bookmark: _Toc163249708][bookmark: _Toc163249818][bookmark: _Toc163250146][bookmark: _Toc163255862]RAN1 to study in AI 9.4.2.2 the structure of the D2R preamble and whether the preamble needs to be split between a delimiter part and a synchronization part.
Midamble and postamble
	For ambient IoT devices, consider following options for midamble for uplink transmissions 
· Alt. 1: Midamble is not considered
· Alt. 2: Midamble is considered for adding between uplink transmissions/segments
· FFS: Design details



The proposal for using a D2R midamble inserted between every D2R transmission segments has two motivations:
· to help the reader with SFO compensation and 
· to enable the reader to perform channel and SINR estimation, which is required for equalization and subsequent data detection.
[bookmark: _Toc163248970][bookmark: _Toc163248999][bookmark: _Toc163249026][bookmark: _Toc163249052][bookmark: _Toc163249077][bookmark: _Toc163249103][bookmark: _Toc163249129][bookmark: _Toc163249156][bookmark: _Toc163249184][bookmark: _Toc163249212][bookmark: _Toc163249239][bookmark: _Toc163249267][bookmark: _Toc163249295][bookmark: _Toc163249325][bookmark: _Toc163249357][bookmark: _Toc163249381][bookmark: _Toc163249452][bookmark: _Toc163249496][bookmark: _Toc163249692][bookmark: _Toc163249802][bookmark: _Toc163250130][bookmark: _Toc163255849]Depending on the payload sizes, i.e., the size of PDRCH transmission, midamble may be needed to compensate the sampling offset when the payload size is large. However, it should be configurable per device as it depends on the observed sampling offset created by the device transmission. Furthermore, it is unclear whether a D2R midamble is different from a D2R reference signal. 
[bookmark: _Toc163255863]RAN1 to assess in AI 9.4.2.2 whether both D2R midamble and D2R reference signals are needed depending on the AIoT device type. 
	For ambient IoT devices, consider following options for postamble for downlink transmissions 
· Alt. 1: Postamble is not considered
· Alt. 2: Postamble is considered for adding at the end of the uplink transmission to signal the termination of uplink
· FFS: Design details



[bookmark: _Toc163255850]The D2R transmission may end with a set of samples indicating the termination of the frame. 
[bookmark: _Toc163250149][bookmark: _Toc163255864]Study in AI 9.4.2.2 the design of the D2R postamble which may contain a known stop sequence to indicate the end of the frame. 
Contention-based access channel
Contention-based access is captured in the following FL excerpts [1]:
	For ambient IoT device, whether PRACH is needed or not can be discussed following the progress of discussion under agenda item 9.4.2.2 that includes study on random access


.
	For ambient IoT device, for random access, consider one of the following alternatives:
· Alt. 1: A separate channel for random access, like PRACH is not considered
· Alt. 2: A separate channel for random access, like PRACH is considered



[bookmark: _Toc163255851]Depending on the type of AIoT device, contention based random access can include additional frequency translations if the device supports frequency translation.

[bookmark: _Toc163255865]RAN1 to study AIoT contention-based access under AI 9.4.2.2.
Control and data channels
For D2R control channel, the following FL summary excerpt is relevant [1]:
	For ambient IoT device, PUCCH is not considered:
· FFS: whether/how any uplink control information (if needed) could be transmitted via the same physical uplink channel as used for uplink data/response



For D2R channel, the following FL summary excerpt is relevant:
	For ambient IoT devices, physical uplink shared channel is considered, at least for transmission of uplink data/response to the ambient IoT device
· FFS: whether only data is transmitted or both data and control information are transmitted
· FFS: Design details (including ambient IoT specific terminology for the channel, if needed)



The control information may include the following.
· (control information) A set of symbols used to indicate:
· The modulation of the data symbols carrying the AIOT payload.
· The coding (if applicable) of the payload.
· Whether reference symbols are interleaved with data symbols. If that is the case, the pilot positions in time-frequency and their values need to be communicated.
· A set of symbols used to indicate the index of the message block; in case the message has been split into multiple blocks. This may happen if the resources for the AIOT reply are too small to accommodate the full message, or if the AIOT device does not have sufficient charge to accommodate the full message transmission at the nominal power level.
[bookmark: _Toc163255852]As there are three different types of AIoT devices with different capabilities, RAN1 should study the need for separate control channel as it may be worthier to study different formats depending on the device type being served or paged.
[bookmark: _Toc163255866]RAN1 to study the need for separate control channel or not by considering all device types.
PDRCH may thus contain AIoT specific data, and other control information necessary to decode said data, and the presence of such control information may depend on the AIoT device type.
PDRCH may contain one or more of the following:
· (data information) A set of symbols encoding the payload of the AIOT device e.g.:
· Identifier for the tag.
· Data collected by the AIOT device and stored in the internal memory if applicable.
· Reference signals.
[bookmark: _Toc163255867]RAN1 to study the necessary information to be contained in PDRCH depending on the AIoT device type, including control and data information.
Reference signals
	For ambient IoT devices, UL RS including DMRS, PTRS and SRS are not considered
· Note: preamble, postamble and midamble based UL signals are separately discussed



[bookmark: _Toc163255853]Since the pre/mid/post-ambles have not yet been discussed and defined, it is too early to down prioritize the D2R reference signal transmissions. 
[bookmark: _Toc163255868]RAN1 to assess whether it is necessary to have both D2R RS transmission and D2R preamble/midamble/postamble transmission.
Topic 3: Proximity determination
The proximity determination aspects were discussed in RAN1#116, and the following proposals were made by the FL.
	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” 



To configure the activator and reader for a set of AIoT devices, the network needs to discover which intermediate nodes are closer to the Ambient IoT device and which of these nodes are available to AIoT operation. The discovery of these nodes and their proximity to the AIoT device should be supported by the NR system with minimal spectral overhead and considering the target latency of the Ambient IoT session.
	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


[bookmark: _Toc163248976][bookmark: _Toc163249005][bookmark: _Toc163249032][bookmark: _Toc163249058][bookmark: _Toc163249083][bookmark: _Toc163249109][bookmark: _Toc163249135][bookmark: _Toc163249162][bookmark: _Toc163249190][bookmark: _Toc163249218][bookmark: _Toc163249245][bookmark: _Toc163249273][bookmark: _Toc163249301][bookmark: _Toc163249331][bookmark: _Toc163249363][bookmark: _Toc163249387][bookmark: _Toc163249458][bookmark: _Toc163249502][bookmark: _Toc163249698][bookmark: _Toc163249808][bookmark: _Toc163250136][bookmark: _Toc163255854]Due to the involvement of different device types in the AIoT SI phase, both alternatives should be considered for further evaluation as the device type 2a/2b are capable of handling IQ samples together with few complex computations by utilizing a baseband processor. Thus, both options are to be studied and evaluated in the SI phase.
[bookmark: _Toc163255855][bookmark: Observation38378]To enable the Ambient IoT device discovery, but also determining which nodes are in the proximity of the device, AIoT specific mechanisms for proximity determination need to be defined. 
[bookmark: _Toc163249716][bookmark: Proposal65116]
[bookmark: _Toc163255869]RAN1 to study if the D2R and R2D transmissions can be used to perform proximity determination as well.
[bookmark: _Toc163255870]RAN1 should study the proximity determination both at the reader and at the device side since the capabilities of different device types considered in the AIoT SI is wider.
Conclusion
In this contribution, we have made the following observations and proposals related to Ambient IoT. 
Observation 1:	The preamble may consist of two distinct fields, namely, a delimiter field to identify the start of a frame followed by a sync word carrying a known sequence of bits or samples to assist the tag to obtain the timing alignment
Observation 2:	The use of midamble is needed to reacquire the timing synchronization for the device having large sampling offset, if the duration of the transmission lasts longer following the preamble.
Observation 3:	Even with large sampling offset, midamble may not be needed if the payload length is short, since the initial timing alignment is carried out by the preamble sequence.
Observation 4:	Terminating the PRDCH transmission with a postamble may provide two benefits, namely, the variable payload length and to provide timing acquisition before the subsequent transmission of either PDRCH or PRDCH, thus improving the detectability at both reader and the device, respectively.
Observation 5:	The broadcast information containing configuration for channel access, e.g., initial contention-based access, may be beneficial, and may precede any device-specific configuration information.
Observation 6:	The need for having a separate control channel depends on the type of information it must carry and the size of the message. If the content of the control information is small, perhaps a separate control channel may not be efficient. However, if different device types support different set of configurable parameters, it may be worth to study the possibility of having a separate control channel in addition to the data channel.
Observation 7:	The PRDCH may carry a wake-up info to select a subset of devices for the inventory process in addition to the modulation and resource allocation fields targeted towards a specific device type.
Observation 8:	Due to the limited capabilities of AIoT device, complex measurements based on reference signals, are quite challenging. In the case of device type 2a/2b, the AIoT device may perform simple measurement operations that can be useful for link adaptation. However, it is too early to exclude all types of measurements e.g. power based like RSSI, especially for AIoT device type 2a/2b.
Observation 9:	To determine the start of the uplink frame and to detect and correct the sampling offset introduced by the device transmission, the need for preamble is inevitable in the PDRCH transmission.
Observation 10:	Depending on the payload sizes, i.e., the size of PDRCH transmission, midamble may be needed to compensate the sampling offset when the payload size is large. However, it should be configurable per device as it depends on the observed sampling offset created by the device transmission. Furthermore, it is unclear whether a D2R midamble is different from a D2R reference signal.
Observation 11:	The D2R transmission may end with a set of samples indicating the termination of the frame.
Observation 12:	Depending on the type of AIoT device, contention based random access can include additional frequency translations if the device supports frequency translation.
Observation 13:	As there are three different types of AIoT devices with different capabilities, RAN1 should study the need for separate control channel as it may be worthier to study different formats depending on the device type being served or paged.
Observation 14:	Since the pre/mid/post-ambles have not yet been discussed and defined, it is too early to down prioritize the D2R reference signal transmissions.
Observation 15:	Due to the involvement of different device types in the AIoT SI phase, both alternatives should be considered for further evaluation as the device type 2a/2b are capable of handling IQ samples together with few complex computations by utilizing a baseband processor. Thus, both options are to be studied and evaluated in the SI phase.
Observation 16:	To enable the Ambient IoT device discovery, but also determining which nodes are in the proximity of the device, AIoT specific mechanisms for proximity determination need to be defined.

Proposal 1:	RAN1 to study in AI 9.4.2.2 the structure of the R2D preamble and whether the preamble needs to be split between a delimiter followed by a synchronization field.
Proposal 2:	Study in AI 9.4.2.2 the design of the R2D postamble that may contain a known stop sequence to indicate the end of the frame.
Proposal 3:	RAN1 to study what broadcast information is required for the AIoT device and to identify how it should be included in the PRDCH channel.
Proposal 4:	RAN1 to study both alternatives Alt. 1 and Alt 2 for transmitting control information and ensure a unified design can be achieved for all AIoT device types.
Proposal 5:	RAN1 to study the necessary information to be contained in PRDCH depending on the AIoT device type, including activation and query commands.
Proposal 6:	RAN1 to study whether the signals like preamble, midamble, and postamble can be reused for reference signals and if so, then what kind of measurement metrics can be obtained that can be used to improve the detection performance.
Proposal 7:	RAN1 to study in AI 9.4.2.2 the structure of the D2R preamble and whether the preamble needs to be split between a delimiter part and a synchronization part.
Proposal 8:	RAN1 to assess in AI 9.4.2.2 whether both D2R midamble and D2R reference signals are needed depending on the AIoT device type.
Proposal 9:	Study in AI 9.4.2.2 the design of the D2R postamble which may contain a known stop sequence to indicate the end of the frame.
Proposal 10:	RAN1 to study AIoT contention-based access under AI 9.4.2.2.
Proposal 11:	RAN1 to study the need for separate control channel or not by considering all device types.
Proposal 12:	RAN1 to study the necessary information to be contained in PDRCH depending on the AIoT device type, including control and data information.
Proposal 13:	RAN1 to assess whether it is necessary to have both D2R RS transmission and D2R preamble/midamble/postamble transmission.
Proposal 14:	RAN1 to study if the D2R and R2D transmissions can be used to perform proximity determination as well.
Proposal 15:	RAN1 should study the proximity determination both at the reader and at the device side since the capabilities of different device types considered in the AIoT SI is wider.

References
[1] [bookmark: _Ref161836519][bookmark: _Ref155945234]R1-2401857 “Final feature lead summary on downlink and uplink channel/signal aspects”
[2] [bookmark: _Ref161837846]R1-2401874, “FL summary (final) for Ambient IoT evaluation”
[3] RP-240826,”Revised SID: Study on solutions for Ambient IoT (Internet of Things) in NR”, RAN#103
[4] [bookmark: _Ref158127745]R1-2400366,” Initial views on Waveform characteristics of carrier-wave provided externally to the Ambient IoT device”, Nokia, RAN1#116
image1.wmf
R

A

A

I

o

T

R

2

C

W

 

N

o

d

e

C

W

2

D

 

s

i

g

n

a

l

 

f

o

r

 

E

H

 

(

o

p

t

i

o

n

a

l

)

R

2

D

 

s

i

g

n

a

l

P

R

D

C

H

C

W

2

D

 

s

i

g

n

a

l

 

f

o

r

 

B

S

D

2

R

 

s

i

g

n

a

l

P

D

R

C

H

A

I

o

T

 

d

e

t

e

c

t

i

o

n

a

n

d

 

r

e

a

d

i

n

g


oleObject1.bin

image2.png
START delimiter N; samples

SYNC word N, samples





