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[bookmark: _Ref149150595]Introduction
[bookmark: _Hlk155622614]In the Rel-18 RAN-level Ambient IoT SI, the use cases, deployment scenarios, device categories, and RAN design targets have been studied for Ambient IoT [1]. In Rel-19, to further investigate the technical details of Ambient IoT for indoor deployment scenarios, a WG-level SI was approved in RAN#102 [2]. Based on the Rel-18 study, two device power consumption levels are included in Rel-19 Ambient IoT. The fundamental expectations and constraints on the corresponding device architectures have also been given.
	(Copied from RP-240826 [2])
The definitions provided in TR 38.848 are taken into this SI, and the following are the exclusive general scope:
A. The overall objective shall be to study a harmonized air interface design with minimized differences (where necessary) for Ambient IoT to enable the following devices:
i. ~1 µW peak power consumption, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, neither DL nor UL amplification in the device. The device’s UL transmission is backscattered on a carrier wave provided externally.
ii. ≤ a few hundred µW peak power consumption1, has energy storage, initial sampling frequency offset (SFO) up to 10X ppm, DL and/or UL amplification in the device. The device’s UL transmission may be generated internally by the device, or be backscattered on a carrier wave provided externally.
· X is to be decided in WGs.
· Coverage design target: Maximum distance of 10-50 m with device indoors as per TR 38.848: “…a range that WGs can sub-select within”.
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ. 
NOTE 1: It is to be understood that “≤ a few hundred µW” means WGs are not tasked with setting a particular value, and that it will be for WG discussions to determine if a presented design with corresponding power consumption satisfies the “≤ a few hundred µW” requirement.


In line with the agenda, it is necessary to study physical channels and signals, which is included as an important objective in the SID.
	[bookmark: OLE_LINK39](Copied from RP-240826 [2])
The following objectives are set, within the General Scope:
1. 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:
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· …
For Topology 2, no difference in physical layer design from Topology 1.


This contribution focuses on the R2D /D2R physical channels, signals, and corresponding aspects for an Ambient IoT device. It also discusses the necessity of and preliminary design considerations for the identified necessary channel/signal aspects.
[bookmark: _Hlk130930431]R2D 
[bookmark: _Hlk158140731]As discussed in our contribution [3], the Ambient IoT system is designed as an asynchronous system. In the following sections, we further analyze and identify that an Ambient IoT device only needs to support the physical layer channel of PRDCH. The overall R2D transmission consists of three parts shown in Figure 1.
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[bookmark: _Ref158137164]Figure 1. Overall design of R2D transmission
· R2D Preamble: The preamble is located in front of the Ambient IoT PRDCH, and is used to inform the device of the start time of the PRDCH transmission, and chip duration, until the R2D postamble. Then the device continues to receive the subsequent data based on the start time and chip duration. The detailed design of the preamble is discussed in section 2.
· PRDCH: Both traffic data and control signalling can be carried in this part. The physical layer processing of PRDCH includes the cyclic redundancy check (CRC) attachment, line encoding, OOK modulation, DFT-S-OFDM waveform generation, and resource mapping. The detailed design of PRDCH is discussed in section 2.
· R2D Postamble: The postamble is located after the PRDCH in the Ambient IoT, and is a known transmission which informs the device of the end of PRDCH transmission. The detailed design of postamble is discussed in section 2.
PRDCH
[bookmark: OLE_LINK12]In RAN1#116 meeting, the following agreements for R2D have been reached:
	(Copied from RP-2401857[4])
Agreement
For ambient IoT devices, a dedicated physical broadcast channel for R2D, e.g. PBCH-like, is not considered for study.

[bookmark: OLE_LINK15]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



We consider mainly discussing PRDCH, physical layer signals design and measurement for the R2D transmission in this paper. Note that Based on the analysis in our contribution paper [3], the PDCCH-like channel is not considered.  

PRDCH generation
An overview of the physical layer processing of PRDCH for Ambient IoT is shown in Figure 2, which includes the CRC attachment, line encoding, OOK modulation, and waveform generation (including resource mapping). Details on each of these aspects are given as following.
· Step 1 (CRC attachment): Given the source bits  with  bits, based on the predefined CRC polynomial with CRC length , the bits to be transmitted after CRC become {b0, b1, b2, …, bN-1, }. For example, as shown in our paper, CRC-16 with  is adopted when the source bits length  while CRC-5/6 with  when the source bits length .
· [bookmark: OLE_LINK42]Step 2 (Line Coding): As discussed in our contribution [7], line coding is used to map the data bits into a codeword consisting of a sequence of chips, i.e.,  () bits of {b0, b1, b2, …, bN-1, }from Step 1 to () bits  For example, considering the Manchester coding as shown in [7], assume the data bit after CRC is “1101…” with ()bits, the coded bits after Manchester coding become [10100110…] with  =2 × ()bits. 
· Step 3 (OOK modulation): OOK modulation is considered for A-IoT D2R transmission as discussed in our paper [7]. The 1 or 0 in OOK represent high or low voltage and it is implemented by switching between ‘On’ and ‘Off’. The modulator outputs a block of 2 x (N+K) chips represented as {s0, s1, s2, …, s2(N+K)-1}.
· Step 4 (OFDM-based waveform): Finally, the waveform is accordingly generated and the modulated information is transmitted. As discussed in our paper [7], DFT-S-OFDM processing is adopted for R2D waveform generation where the chip length depends on  value and the bandwidth depends on the RB number to be used. For example, given SCS and , the duration of each chip in {s0, s1, s2, …, s2(N+K)-1} is 1/ ( *SCS). In this view, the resource mapping in time and frequency is finished when the waveform processing is determined. 
[image: ]
[bookmark: _Ref157787116]Figure 2. PRDCH generation diagram
Maximum TBS
For Ambient IoT R2D transmission, most of the packets are expected to be small in size. In TR 38.848, it is defined that the maximum message size does not exceed 1000 bits for R2D. As a reference, the typical length of the electronic product code (EPC) used in practical applications is 96 or 128 bits for UHF RFID, which is expected to be part of the access procedure for contention resolution. In the random-access procedure, the handshaking between the base station and the Ambient IoT device is also expected to be based on short messages of a few tens of bits or less. 
[bookmark: _Ref162433943]Proposal 1: For R2D transmission, the maximum TBS is 1000 bits.
PDCCH
As discussed in our contribution paper [3], a PDCCH or PDCCH-link channel is not included in the study as the scheduling information is limited to TBS which can be implied by using a ‘terminator’ signal in a PRDCH postamble. 
As discussed in [3], a PDCCH-like channel is also unnecessary for the D2R grant since each PDRCH transmission always follows a corresponding PRDCH transmission, as the device responds passively according to the last R2D message. In this case, the D2R grant can be included in a higher layer message, together with the other message(s) carried by the last PRDCH transmission. 
[bookmark: _Ref158040800]Proposal 2: Scheduling of each PDRCH is via higher layer signaling, e.g. MAC CE, in the preceding PRDCH, containing MCS, TBS, chip length, the number of chip repetitions, and code length of line coding.
Proposal 3: RAN1 does not study the design of a PDCCH-like channel.

R2D physical signals
In the RAN1#116 meeting, it has been agreed that a R2D timing acquisition signal is included for each R2D transmission.
	(Copied from RP-2401849[8])

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.


Preamble signal
As described in the agreement, the R2D preamble signal can be used for timing acquisition and indicating the start of the R2D transmission to the device. This section discusses about the design considerations and principles for the R2D preamble signal.
As discussed in our paper on device architecture [5], Device 1 is not able to support sequence correlation, which is usually used for signal detection and timing acquisition by conventional 3GPP UEs. Based on envelope detection, the extreme-low power energy detection and transition edge detection can be used in the reception of preamble signal, to detect the start of R2D transmission and identify the chip length used for the immediately following data transmission, respectively. The same extreme low-power operation at device can be sufficient also for Device 2a/2b to achieve the link performance required by the indoor coverage.
As a reference, the “R=>T frame-sync” signal in the UHF RFID consists of two parts [6]. The “delimiter” part is to indicate the start of interrogator-to-tag transmission, while “data-0” and the “RTcal” together provide the information of the chip length. 
· The delimiter part is designed as a low voltage with a fixed duration. As energy detection is expected to consume lower power than transition edge detection, the design enabling energy detection is beneficial for saving the monitoring power in an asynchronous system, which can occupy a larger portion of consumed energy during the whole inventory.
· As PIE code is used for the immediately following data transmission, the “data-0” and the “RTcal” indicates the chip length corresponding to data bit ‘0’ and ‘1’, respectively. By simple implementation based on e.g. flip flops or latches, transition edge detection is normally used by RFID tag for line code decoding. The clock ticks between the two e.g. rising edges are counted to decide the value of the corresponding data bit. Considering the schedulable chip length by reader and the inaccurate clock frequency of device, the reference number of clock ticks corresponding to data bit ‘0’ and ‘1’ can be obtained from the “data-0” and the “RTcal” in the frame-sync signal. Meanwhile, the rising edge in the frame-sync signal will also be used as the reference time for the immediately following coded data, which is in fact the chip-level timing acquisition.
[image: ]
Figure 3. “R=>T Frame-sync” signal in the UHF RFID
Regarding the R2D preamble for Ambient IoT, the design considerations in the UHF RFID can be referred.  A key difference is that OFDM waveform needs to be applied for the D2R transmission, which is essential to avoid non-negligible interference to NR for in-band and guard-band operation mode. In general, the R2D preamble signal can also be designed with the two parts, as shown in the example in Figure 4.
[image: ]
Figure 4. An example design for R2D preamble signal
Start indicator is used to indicate the start of each R2D transmission. As the fixed-length low-voltage design enables the extreme-low power energy detection for detecting the start of each R2D transmission, it can also be used for R2D preamble signal. The length of the start indicator has to consider the chip length determined by the M adopted in the OOK-4 OFDM waveform generation. For example, if M is set to 6, the R2D chip length is (1 / 15 kHz / 6) ≈ 11.1 µs. The length of start indicator should be an integer multiple of the chip length. 
The clock reference part provides information about the R2D chip length by at least two transition edges within it. The following two functions can be considered for the design of the clock reference part.
· To inform the R2D chip length to device, two or more transition edges can be included in the clock reference part. For the convenience of detection, it is recommended that there is at least one interval between two adjacent edges equalling to either the R2D chip length or the length of a line code. Depending on detailed device implementation, either rising edge detector or both rising and falling edge detectors may be included in the line code decoder. From the perspective of enabling lower detection complexity with only rising edge detector, to include two rising edges in the clock reference part can be friendlier to device implementation.
· The clock reference part can also be used as the reference for the chip length of the D2R transmission immediately following the R2D transmission. The clock frequency division and / or doubling operation in the conventional 3GPP UE can be too complicated at least for Device 1. Based on the clock ticks counted between the transition edges in the clock reference part, device can derive the number of clock ticks corresponding to each D2R chip, and use the derived number to determine the D2R chip length. In principle, more clock ticks within the used two transition edges can enable more flexible equivalent frequency division/doubling in the above method, considering the limited clock frequency (e.g., 1.92 MHz) at device. For the purpose, it is recommended to include multiple R2D chips between the first and the last transition edges in the clock reference part.
[bookmark: _Hlk163215645]Similar to the constraint on the length of the start indicator part, the duration between adjacent transition edges in the clock reference part should also be an integer multiple of the R2D chip length due to the OFDM waveform generation by e.g. OOK-4.
[bookmark: _Ref163054383]Proposal 4: The R2D preamble is recommended to enable the extreme-low power energy detection and transition edge detection for timing acquisition by Ambient IoT devices.
[bookmark: _Ref163054384]Proposal 5: The R2D preamble consists of the following two parts:
· The start indicator part is designed as a fixed-length low voltage transmission to enable energy detection. The length of start indicator should be an integer multiple of the chip length.
· The clock reference part includes at least two transition edges to enable transition edge detection for informing the chip length of each R2D transmission. The duration between adjacent transition edges should be an integer multiple of the R2D chip length.
Postamble signal
As described in our paper [3], the purpose of the R2D postamble is to indicate the ending of the PRDCH transmission from the Reader.
A R2D postamble design which functions as a “terminator” can indicate the end of a R2D transmission, which does not require blind detections for the device, and irrespective of packet size is more flexible and efficient compared to the TBS indication scheme using PDCCH. 
The postamble has to be designed such that the sequence is different from any of preamble and data part in PRDCH for the device to determine the end of the PRDCH transmission. For example, if the line coding of PRDCH is Manchester coding, the coding sequence of post-amble can be longer than 2 high-level voltages, which will never occur in a PRDCH. An example is given in the figure below where postamble length is larger than 2T with chip length T. Furthermore, the overhead of the postamble is several chips, which is far less than that of the signaling overhead for TBS indication as discussed in section 2.2.1. 
[image: ]
Figure 7 Illustration of detailed R2D postamble
[bookmark: _Ref163054385]Proposal 6: The coding rule used to generate the postamble in PRDCH should be different from that of PRDCH.

Midamble/reference signal
Reference signals in NR systems are used to serve a variety of functionalities, from channel estimation and equalization to synchronization during transmissions. However, due to Ambient IoT devices requiring very low peak power consumption, it is infeasible for the device to perform such functionalities.
Furthermore, OOK modulation for envelope detection is considered as the modulation scheme for Ambient IoT R2D in [7]. The envelope detector can only use the amplitude of the received signal to detect the transmitted information bits and demodulate it, thus not requiring elaborate channel estimation and equalization techniques. Consequently, R2D reference signals such as DM-RSare not needed for Ambient IoT at least for Rel-19.
With the large SFO for R2D receiving, e.g. ppm, the time error is accumulated at the ratio of 10%, which means 1 chip time offset with 10 chips reception at the receiver side. Due the constraint of extreme low power consumption for an Ambient IoT device, it is not practical for such a device to perform coherent estimation and SFO error adjustment. Thus, inserting a midamble to help R2D timing adjustment is not needed for a device that only can perform non-coherent demodulation. Furthermore, as discussed in [7], the embedded clock signal in line coding, which will be accurate due to the highly-accurate gNB clock, can help the device to track the symbol-level timing during PRDCH reception, which means that midamble is not necessary. 
[bookmark: _Ref163054386]Proposal 7: A midamble or reference signal for R2D is not needed, and hence is not studied further.

Measurement
As shown in the SID [2], there is no mobility (i.e. at least no cell selection/re-selection-like function) for Rel-19 Ambient IoT. Specifically, changes on the network side do not result in re-selection by the device and there is no need for these devices to monitor the serving cell or neighbor cell through the measurement process. Thus, there is no need to support RRM measurement in the Ambient IoT R2D design for Rel-19.
[bookmark: _Ref163054360][bookmark: _Ref162023060]Observation 1: There is no need to study RRM measurements in Rel-19.
Even for device 2, CSI measurements are also difficult. They require some kind of R2D reference signal to be received coherently at the device. Since RF envelope detection receiver is one architecture in A-IoT as discussed in our paper [5], this is clearly not possible in a harmonized design.
A final possibility of device measurements is for proximity determination to be reported from the device to the reader. Firstly, the power consumption of device 1 renders this impossible, and secondly the accuracy of performing measurements is not high enough even for device 2a/2b, compared to using measurement at the Reader during another procedure such as an inventory.
[bookmark: _Ref163054361][bookmark: OLE_LINK38]Observation 2: Measurements other than for RRM are either infeasible or insufficiently accurate to be defined at the A-IoT device.
[bookmark: _Ref163054387]Proposal 8: R2D measurements are not supported for Ambient IoT for Rel-19.
[bookmark: _Ref163054388]Proposal 9: Measurements for proximity determination are performed at the reader side.

[bookmark: _Hlk131523050]D2R
As a reference, the uplink physical channels in NR include PUSCH, PUCCH, and PRACH, while the uplink physical signals include DMRS/PTRS for PUSCH, DMRS for PUCCH, and SRS. However, considering the compact air interface required for ultra-low device power consumption and complexity, this section will reveal that it is feasible and reasonable to use only PDRCH to carry all the D2R messages in Ambient IoT. 
According to the discussions in our paper on frame structure and timing aspects [3], asynchronous system is assumed for Ambient IoT air interface due to the large SFO at device. For the sake of timing acquisition and tracking, the D2R physical signals consisting of preamble, midamble, and postamble are needed [3]. They are transmitted together with PDRCH in each D2R transmission, as shown in [3]. The required characteristics of preamble / midamble / postamble will be discussed in section 3.3.
[image: ]
Figure 8. Overall design of D2R transmission
PDRCH
In the RAN1 #116 meeting, it is agreed that PDRCH will be used for D2R data transmission, including the response from device to reader during contention-based access procedure.
	(Copied from RP-2401857[4])

Agreement
For ambient IoT devices, at least for D2R data transmission, a physical channel (PDRCH) is studied along with the following,
· [bookmark: _Hlk163033167]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


According to the above agreement, a separate PRACH-like channel is not used in Ambient IoT. A reference design for contention-based access procedure is also given in the appendix of [3], which is the typical inventory procedure based on the dynamic framed slotted ALOHA scheme in the UHF RFID. In the reference design, the response from device to reader is a random number (called RN16 in the UHF RFID) for collision resolution, which is sent in the access opportunity determined by the binary exponential back-off algorithm defined for the dynamic framed slotted ALOHA scheme. After BS correctly receiving the random number, it then sends the number back in the following R2D message, so as to indicate the successful occupation of the access opportunity by the device. However, such details of the messages in the contention-based access procedure depends on the higher layer design, which may be different from the reference design described above.
[bookmark: _Ref163055976]Proposal 10: Remove the sub-bullet of FFS on “Details of response”, and leave the details to RAN2, i.e.:
· FFS: Details of response
Based on the discussions in [3], PDRCH can be generated according to the processing procedure in [7], which includes CRC attachment, FEC encoding, transport-block repetitions, line code encoding, modulation, chip repetitions, and waveform generation. 
[image: C:\Users\w00468695\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\1DBC94F3.tmp]
Figure 9. The PDRCH generation diagram
PDRCH generation
According to Figure 9, PDRCH can be generated by the following steps.
· Step 1 (CRC attachment): K CRC bits of {} are attached to the N data bits in the original transport block of {b0, b1, b2, …, bN-1}.
· Step 2 (FEC): The (N + K) bits of {b0, b1, b2, …, bN-1, }from Step 1 is encoded by e.g. a convolutional code with 1/3 code rate, and output a code block with 3(N+K) bits of {}.
· Step 3 (TB repetition): If scheduled with repetition, the code block from Step 2 is repeated according to the scheduled repetition number e.g. 2, and output a bit block with e.g. 6(N+K) bits of {}.
· Step 4 (Line code encoding): The repeated code block from Step 4 is encoded according to e.g. a line code with a length of 2, and output a coded block with e.g. 12(N+K) bits of {}.
· Step 5 (Modulation): Each bit in the coded block from Step 4 is mapped to either 1 / 0 for OOK or +1 / -1 for BPSK. Each OOK or BPSK symbol is viewed as a chip for the backscatter modulation. The 1 or 0 in OOK represent high or low voltage for the envelope amplitude of a chip generated in the backscatter modulation by analog circuits, respectively. The +1 or -1 in BPSK represent 0 degree or 180 degree for the envelope phase of a chip generated in the backscatter modulation, respectively. The modulator outputs a block of 12(N+K) chips represented as, in this example, {s0, s1, s2, …, s12(N+K)-1}.
· Step 6 (Chip repetition): If scheduled, each chip in the chip block from Step 5 is repeated according to the scheduled chip repetition number e.g. 2, and output a chip block with e.g. 24 x (N+K) chips of {s0, s0, s1, s1, s2, s2, …, s12(N+K)-1, s12(N+K)-1}.
· Step 7 (Waveform generation): As discussed in [7], single carrier waveform is proposed for D2R transmission. 
· For Device 1 and Device 2a, the backscatter modulator modifies the amplitude or the phase of the received external carrier-wave according to each chip in the chip block from Step 6. As discussed in [7], the duration of each chip depends on the allocated transmission bandwidth for the device. For example, for the allocated DSB bandwidth of 150 kHz, a chip of 1 by OOK corresponds to a high envelope voltage lasting for 1 / (150 kHz / 2) = 13.3 µs at the output of backscatter modulation. The amplitude or initial phase of the backscattered carrier-wave switches chip by chip according to the chip block generated from the original data bits. In this way, the D2R message is finally carried on the backscattered carrier-wave.
· For Device 2b, a baseband signal consisting of numbers of chips will be firstly generated. Similarly, the length of each baseband chip depends on the allocated transmission bandwidth. After that, conventional up conversion by RF mixer can be applied to the baseband signal, to carry the D2R message on the internally generated carrier-wave.
[bookmark: _Ref163056002]Proposal 11: The generation of PDRCH consists of CRC attachment, FEC encoding, transport-block repetitions, line code encoding, modulation, chip repetitions, and waveform generation.
Maximum TBS
Similar to Section 2.1.1, for Ambient IoT D2R transmission, most of the packets are expected to be small in size. In TR 38.848 [1], it is defined that the maximum message size does not exceed 1000 bits for the uplink transmission. 
[bookmark: _Ref163056008][bookmark: _Hlk163041747]Proposal 12: For D2R transmission, the maximum TBS is considered as 1000 bits for Ambient IoT.
Repetitions for coverage enhancement
According to the example of link budget calculation in our paper on evaluation assumptions [9], the receiver sensitivity of basestation or intermediate UE is expected to be <-120 dBm to achieve a proper link budget for the D2R link, considering the backscattered signal power can be as low as e.g. <-50 dBm. If basestation transmits in the R2D link at higher power (e.g., 38 dBm), the required receiver sensitivity of D2R receiver would correspondingly be lower to achieve balanced link budget between R2D and D2R. In this case, the SNR threshold at D2R receiver can approach 0 dB. To meet the requirement, conventional coverage enhancement techniques, such as TB repetitions and chip repetitions, are also needed, in addition to FEC and line code.
[bookmark: _Ref163056013]Proposal 13: Conventional coverage enhancement techniques, e.g. TB repetitions and chip repetitions are studied for PDRCH, in addition to FEC and line code.
PUCCH
In NR, PUCCH is used for UCI reporting. The reported UCI can be ACK/NACK for HARQ, scheduling request (SR), link recovery request (LRR), and CSI. However, all those UCI reports are unnecessary or infeasible for Ambient IoT, as analyzed in the following.
· According to the SID, HARQ is not supported for Ambient IoT [2]. 
· The SID also indicates that Rel-19 Ambient IoT focuses on the DO-DTT and DT traffic, both of which are always triggered by network. It means that SR is not needed. 
· In NR, the scheduling request resource configured for LRR is used for beam management and link recovery. Considering not only the constraints on device power consumption and complexity, but also the limited number of antenna ports for indoor micro-BS in FDD spectrum, such function is not relevant to Ambient IoT.
· As discussed in section 2.3, CSI measurement is infeasible not only for Device 1, but also for Device 2a/2b. In other words, CSI report is not expected in Ambient IoT.
[bookmark: _Hlk163033437]From the above, no D2R control information is needed for Ambient IoT. Accordingly, PUCCH is not needed as well.
[bookmark: _Ref163056018]Proposal 14: Remove the FFS on D2R control information, and update the bullet as follows.
· FFS Whether/how/what No D2R control information (if defined) is needed transmitted on the PDRCH
[bookmark: _Ref163056022]Proposal 15: For Ambient IoT, PUCCH is not needed, and hence is not studied further.
D2R physical signals
From the perspective of D2R receiver, the physical signals need to serve the following two principal purposes:
· Purpose 1: Allow the BS or intermediate UE to acquire and track the timing of the D2R transmission.
· Purpose 2: Allow the BS or intermediate UE to perform channel and interference estimation.
As discussed in our paper on frame structure and timing aspects [3], preamble, midamble, and postamble signal can be used for the D2R transmission, which can be transmitted in three places: at the start of a D2R transmission to inform the Reader that transmission is beginning; during a longer transmission to allow the Reader to track timing drift from the device; and at the end of a transmission to allow the Reader to correct the last few samples of timing drift after the most-recent midamble (or the preamble). All the three physical signals can be used for both the two purposes. It should be noted that complicated operations, such as correlation, can be supported by the D2R receiver at BS or intermediate UE, which is different from the ultra-low power R2D receiver at Ambient IoT device.
Purpose 1 recommends the following characteristics for the physical signals.
· Good correlation properties for chip-level timing acquisition or tracking, which is usually done by detecting the correlation peak between the received signal and the local reconstructed physical signal.
· Differently designed preamble and postamble can help D2R receiver to detect the start and the end of a transmission. For the purpose, good cross-correlation property between preamble and postamble is required.
· To reduce the implementation complexity of both D2R transmitter and receiver, it can be considered to reuse the signal design of preamble for midamble.
Purpose 2 is similar to the function of DMRS/SRS in NR. However, considering the single carrier waveform for D2R transmission, the physical signals consisting of a time domain sequence can be used, in contrast with the NR DMRS/SRS based on frequency domain sequence.
From the perspective of D2R transmitter at Ambient IoT device, binary signal compatible with OOK or BPSK is recommended for the physical signals, so as to be applicable for backscatter modulation. To satisfy the constraint, binary sequences of suitable families, such as Golay sequences, can be considered, which are well known to have the required properties to meet the two principal purposes for proper D2R link performance, and should be included for further study.
[bookmark: _Ref163056026]Proposal 16: D2R preamble, midamble, and postamble are based on binary sequences with good correlation properties, e.g. Golay sequences.
· Preamble and postamble can use different sequences, where good cross-correlation property between them is recommended.
· Midamble can reuse the sequence for preamble.
Considering the low receiver sensitivity (e.g., below -120 dBm) for optimal D2R link budget, the power of the received D2R signal can be quite low and with a large dynamic range. Accordingly, a set of sequences with different lengths can be designed for each physical signal, each of which is expected to be optimized for corresponding SNR regions. The different SNR regions are in fact different coverage levels. In general, longer sequences will be used for lower SNRs.
[bookmark: _Ref163056030]Proposal 17: The D2R preamble, midamble, and postamble support multiple coverage levels.

Conclusions
Based on the analysis in this contribution, we have the following observations and proposals:
Observation 1: There is no need to study RRM measurements in Rel-19.
Observation 2: Measurements other than for RRM are either infeasible or insufficiently accurate to be defined at the A-IoT device.

Proposal 1: For R2D transmission, the maximum TBS is 1000 bits.
Proposal 2: Scheduling of each PDRCH is via higher layer signaling, e.g. MAC CE, in the preceding PRDCH, containing MCS, TBS, chip length, the number of chip repetitions, and code length of line coding.
Proposal 3: RAN1 does not study the design of a PDCCH-like channel.
Proposal 4: The R2D preamble is recommended to enable the extreme-low power energy detection and transition edge detection for timing acquisition by Ambient IoT devices.
Proposal 5: The R2D preamble consists of the following two parts:
· The start indicator part is designed as a fixed-length low voltage transmission to enable energy detection. The length of start indicator should be an integer multiple of the chip length.
· The clock reference part includes at least two transition edges to enable transition edge detection for informing the chip length of each R2D transmission. The duration between adjacent transition edges should be an integer multiple of the R2D chip length.
Proposal 6: The coding rule used to generate the postamble in PRDCH should be different from that of PRDCH.
Proposal 7: A midamble or reference signal for R2D is not needed, and hence is not studied further.
Proposal 8: R2D measurements are not supported for Ambient IoT for Rel-19.
Proposal 9: Measurements for proximity determination are performed at the reader side.
Proposal 10: Remove the sub-bullet of FFS on “Details of response”, and leave the details to RAN2, i.e.:
Proposal 11: The generation of PDRCH consists of CRC attachment, FEC encoding, transport-block repetitions, line code encoding, modulation, chip repetitions, and waveform generation.
Proposal 12: For D2R transmission, the maximum TBS is considered as 1000 bits for Ambient IoT.
Proposal 13: Conventional coverage enhancement techniques, e.g. TB repetitions and chip repetitions are studied for PDRCH, in addition to FEC and line code.
Proposal 14: Remove the FFS on D2R control information, and update the bullet as follows.
Proposal 15: For Ambient IoT, PUCCH is not needed, and hence is not studied further.
Proposal 16: D2R preamble, midamble, and postamble are based on binary sequences with good correlation properties, e.g. Golay sequences.
Proposal 17: The D2R preamble, midamble, and postamble support multiple coverage levels.
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