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[bookmark: _Ref149150595]Introduction
[bookmark: _Hlk155622614]In Rel-19, the technical details of Ambient IoT will be further studied for indoor deployment scenarios [1]. Based on the Rel-18 RAN-level SI, two device power consumption levels are included in Rel-19. The corresponding characteristics and capability of the Ambient IoT devices are expected to significantly impact the air interface design of frame structure and timing.
	(Copied from RP-234058 [1])
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, both 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.
…
The following objectives are set, within the General Scope:
· 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. 
…
· RAN1-led:
For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
...
· Scheduling and timing relationships
…


This contribution firstly discusses about the essential topic of system assumptions and whether the system is synchronous or asynchronous for Ambient IoT. Based on the conclusion that Ambient IoT is an asynchronous system, the corresponding air interface design are further studied, including timing, frame structure, access procedure, scheduling and timing relationships.
[bookmark: _Hlk130930431]Discussions on system assumptions
In conventional 3GPP technologies, synchronous systems generally refer to a system that has timing alignment between the network and UEs, and consists of the following three air interface design aspects. 
· For downlink synchronization, periodic synchronization signals are sent by the BS to UEs. In NR, the default period of SSB is 20ms. Furthermore, the time domain pattern of each SSB within a half-frame is defined in the specifications, while the system frame number is indicated by the corresponding system information carried in the PBCH. After successful detection of the SSBs, the UE can get the boundary of the slot and frame, which can be further used as a reference point for synchronous downlink transmissions.
· For uplink synchronization, UE sends PRACH to the BS at the beginning of the random access procedure. Based on the PRACH, the BS sends timing advance information to the UE. For the following uplink transmissions, the UE has to follow the timing adjustment indicated by the timing advance information. The BS may also update the timing adjustment of each UE by new timing advance command(s). In this way, the uplink transmission from different UEs can share an aligned starting point for convenient signal processing at the BS, especially considering OFDMA between them. In other words, different UEs share an aligned boundary of the slot and frame from the view of the BS, which can be used as a reference point for synchronous uplink transmissions.
· Except the basic time unit of reference sampling interval (e.g., Tc and Ts in NR and LTE, respectively), slot and frame are further defined as the time unit for downlink or uplink transmissions. As mentioned above, the boundary of slot and frame are used as a reference point for the scheduling of each transmission.
The above three aspects are all based on the fine clock accuracy of both the BS and UE. As a reference, the carrier frequency accuracy is usually constrained to be within ± 0.05 ppm and ± 0.1 ppm for the 3GPP BS and UE, respectively. Even for NB-IoT UE, which has the lowest power consumption and complexity among 3GPP UEs, the carrier frequency accuracy has to be within ± 0.2 ppm and ± 0.1 ppm for the carrier frequency of ≤1GHz and >1 GHz, respectively. If the sampling clock shares the same local oscillator with the internal carrier wave generator, the same accuracy can also be achieved for the clock frequency.
Based on the above, a conventional 3GPP UE is synchronized to the BS before any downlink reception or uplink transmission. In other words, timing alignment to the boundary of the slot/frame is maintained well between the BS and UE, by periodic downlink synchronization signals, PRACH and the timing advance scheme. No additional signaling is needed for the timing acquisition of each transmission.
Different from conventional 3GPP technologies, the sampling frequency offset (SFO) can be as large as ~105 ppm for an Ambient IoT device with ~1 µW peak power consumption. As discussed in [2], a ring oscillator or relaxation oscillator with poor frequency accuracy is usually used to achieve 0.1 μW-level power consumption for the clock generator. The classic issue of manufacturing process, voltage, and temperature (PVT) variation leads to clock frequency variations as large as 10% for the extreme-low power implementation. As a reference, in the UHF RFID specification, the frequency tolerance of the tag-to-interrogator link varies from 5% to 22%, depending on the sampling rate corresponding to signal bandwidth. In general, the frequency tolerance is around 105 ppm, which becomes higher for larger signal bandwidths. SFO tracking and correction needs accurate reference clock and power hungry PLL or FLL. Unfortunately, such clock generators not only consume significant power, but also have a prohibitively large form-factor, ruling out the use of such clock generators in an Ambient IoT device. Thus, it is impractical to support SFO tracking and correction in Ambient IoT devices with ~1 µW peak power consumption (device 1).
Suffering from the large SFO of ~105 ppm, the timing error is accumulated by 1 ms every 10 ms for the Ambient IoT device, which is as large as 1 slot of NR. In this case, the conventional synchronous system scheme cannot be supported by the Ambient IoT device.
· In R2D, synchronization between the BS and device cannot be maintained. The large SFO produces a timing error as large as 1 ms per 10 ms, which means the timing alignment achieved by a synchronization signal will soon get lost. For chip- or symbol-level timing alignment, the required accuracy would be at µs-level or at most 10 µs-level. This would require the R2D synchronization signals to be transmitted at 100 µs-level intervals, which is impractical from the view of overhead.
· [bookmark: _Hlk157243099][bookmark: _Hlk157697870]In D2R, synchronization between the Reader and device also cannot be maintained due to the same reason. After the timing advance operation, the aligned chip- or symbol-level timing will get lost soon after e.g. 100 µs due to the 10 µs timing error caused by the 105 ppm SFO. As mentioned above, PRACH transmission is used for uplink synchronization. To maintain synchronization between the BS and device, PRACH and the timing advance command have to be sent at a period of e.g. 100 µs, which leads to unacceptable overhead.
Based on the above analysis, both R2D and D2R synchronization cannot be maintained for Ambient IoT devices. Consequently, Ambient IoT is assumed to be an asynchronous system and a periodic synchronization signal is useless for Ambient IoT. 
[bookmark: _Ref157262323][bookmark: _Hlk161304966]Proposal 1: Considering the large SFO of up to 105 ppm for the Ambient IoT device 1, Ambient IoT is assumed to be an asynchronous system.
Framework of asynchronous system scheme for Ambient IoT
In previous meeting [2], for access procedure, the following agreements were made:
	Agreement
From RAN1 perspective, at least when a response is expected from multiple devices that are intended to be identified, an A-IoT contention-based access procedure initiated by the reader is used.
Agreement
For A-IoT contention-based access procedure, at least slotted-ALOHA based access is studied.


Referring to the slotted-ALOHA based access in ISO 18000-6C UHF RFID, the access procedure suitable for inventory is shown in Figure 1. The procedure starts from a R2D triggering command, with each D2R transmission following a R2D transmission.
 [image: ]
[bookmark: _Ref158059940]Figure 1. An example of scheduling procedure for Ambient IoT
As shown in Figure 2, each R2D transmission consists of the following 3 parts, their detailed designs are discussed in our accompanying contribution [7].

[image: ]
[bookmark: _Ref158060337]Figure 2. The overall design of R2D transmission
· R2D time acquisition signal: R2D time acquisition signal is used to indicate the starting time of the following PRDCH. It immediately precedes the PRDCH and also carries chip length information.
· PRDCH: Both R2D traffic data and control information are carried by the PRDCH.
· R2D postamble: R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH.
Similarly, as shown in Figure 3, each D2R transmission consists of the following 3 or 4 parts, depending on the length of the transmission. The detailed design of each of these parts are discussed in [4].
[image: ]
[bookmark: _Ref158060625]Figure 3. The overall design of D2R transmission
· D2R preamble: D2R preamble is located at the beginning of each D2R transmission, immediately followed by the PDRCH. It is used to indicate the starting time of the PDRCH and coarse SFO estimation.
· PDRCH: D2R traffic data is carried by the PDRCH.
· D2R midamble: D2R midamble may be inserted into PDRCH for the tracking of chip-level timing and performing channel/interference estimation, depending on the length of the PDRCH.
· D2R postamble: D2R postamble immediately follows the PDRCH, which is used to acquire the end of the PDRCH, and provide a final timing correction to the reader.

Timing acquisition and tracking
As analyzed in section 2, Ambient IoT is an asynchronous system, for which conventional 3GPP synchronization schemes are not suitable. Based on the framework described in section 3, independent timing acquisition and tracking is performed for each R2D or D2R transmission.
R2D
As discussed in section 3, the R2D transmission consists of three parts: R2D time acquisition signal, PRDCH and R2D postamble. 
In RAN1#116bis meeting, the agreement about the R2D timing acquisition signal has been achieved that the R2D timing acquisition signal includes at least two parts start-indicator part and clock-acquisition part.
R2D time acquisition signal is transmitted at the head of each R2D transmission to indicate the starting time, which also indicates the chip length used by the following PRDCH transmission. For this purpose, R2D time acquisition signal consists of two components, the start indicator part and clock acquisition part.
[image: ]
[bookmark: _Ref165397135]Figure 4. R2D time acquisition signal structure
For the device to perform time acquiring and tracking, it 
· Uses the start indicator to determine the start of the R2D transmission, 
· Uses the clock acquisition part to determine the chip length, and 
· Maintains continuous time tracking using line codes. 
Each of these actions are explained in more detail in the following sections.
Start indicator part
The start indicator part of the R2D timing acquisition signal indicates the starting time of the R2D transmission, which can be used by the device for timing acquisition. As discussed in [3], sequence correlation cannot be supported by Ambient IoT devices with ~1 µW peak power consumption. Referring to UHF RFID, what is called a delimiter may be designed as a low voltage transmission with a certain duration [4]. This can be easily distinguished and detected by the energy detector of the device from the preceding high-voltage energy signals. The low-voltage transmission enables the power consumption of the energy detector to be lower than the information detector for the device. Thus, the low-voltage start indicator can enable the device to consume less power to detect the time acquisition signal. The start indicator duration is also required to be kept constant for different OOK chip lengths to achieve low-complexity and power consumption of the start indicator detection.
Considering CP is introduced for R2D time acquisition signal, the CP is copied from the end of the OFDM symbol. When the energy detector detects that the duration of received low-voltage signal reaches a certain length or a certain length range, it determines that the subsequent clock acquisition part and PRDCH transmission is coming. Thus the pattern of CP e.g., high-voltage, low-voltage or specific combination of high-voltage and low-voltage before the start indicator may have a slight, but negligible impact to energy detection of the start indicator since the energy of CP length occupies so small proportion compared with the necessary length of the start indicator..
[bookmark: _Ref166276507]Observation 1: Despite the addition of CP before the start indicator, the device is capable of detecting the low-voltage start indicator and has a negligible impact on the energy detection ability of the device.

Clock acquisition part 
Following the start indicator part, the clock acquisition part of the R2D timing acquisition signal is a square-wave, whose length is proportional to the chip length used for the following data transmission. The clock acquisition part is required to provide the information about the chip length of the upcoming R2D transmission. The Ambient IoT device obtains the chip length information according to the interval between adjacent rising- or falling-edges in the square-waves of the clock acquisition. Using the adjacent transition edges in the same direction, the device can count the samples between these edges e.g., the samples between the two rising-edges to determine the chip length. This would require the clock acquisition part to be set to a certain length, the details of which can be seen in our accompanying contribution [7].
[bookmark: _Ref166276514]Observation 2: The device determines the chip length by counting the samples between the adjacent transition edges in the same direction
Thus, the example waveform diagram of R2D time acquisition signal within one OFDM symbol is shown in Figure 5.

[image: ]
[bookmark: _Ref157775766]Figure 5. Illustration of detailed R2D time acquisition signal

Time tracking using line coding 
After timing acquisition by the R2D time acquisition signal, the Ambient IoT device still has to perform timing tracking to deal with the accumulated timing offset caused by the large SFO. For example, the 105 ppm SFO will lead to an additional 10 µs timing offset every 100 µs. Comparing with the µs-level or 10 µs-level chip length, such a large timing offset can lead to significant link performance degradation. 
The embedded clock information in line codes e.g., in Manchester codes, can help Ambient IoT devices to track chip-level timing. As there is always at least one transition within each codeword of line code, the device can utilize the transition(s) to continuously refresh its timing reference point for time tracking. For example, the device can use each detected transition to derive the possible location of the next transition, according to the voltage transition rule defined by the line code. In this way, the accumulated timing offset between adjacent edges can be small enough for demodulation. An example of the chip-level timing tracking is illustrated in Figure 6.

[image: ]
[bookmark: _Ref157775822]Figure 6. Illustration of chip-level timing tracking
[bookmark: _Ref157776705][bookmark: _Ref163045796][bookmark: _Ref166276523]Observation 3: For each R2D transmission, chip-level time tracking is achieved by using the transition(s) in each codeword of the line code.
[bookmark: _Ref166276607]Proposal 2: For each R2D transmission, the device performs timing acquisition and tracking by using:
· The start indicator of the R2D timing acquisition signal to determine the start of the R2D transmission,
· The clock acquisition part to determine the chip length,
· Line codes for chip-level time tracking.

D2R
[bookmark: _Hlk162256470]For D2R transmission, each transmission includes three or four parts as follows: 
· Timing acquisition signal, i.e. preamble
· PDRCH
· Postamble
· Midamble (only used for long packet)
The overall format of Ambient IoT D2R transmission is shown in Figure 7. 
[image: ]
[bookmark: _Ref157775921]Figure 7. D2R transmission diagram
For the device to provide time tracking information to the reader, it 
· Uses the timing acquisition signal to indicate the start of the D2R transmission and achieve coarse estimate of SFO.
· Uses the midamble (for longer packets) and postamble to achieve fine estimate of SFO. 
Each of these aspects are explained in more detail in the following sections.

Timing acquisition signal
In previous meeting [2], a D2R timing acquisition signal (e.g. D2R preamble) is agreed to be included at least for timing acquisition and for indicating the start of the D2R transmission in time domain. This information is required by the reader because, as discussed in section 2, the Ambient IoT system is asynchronous and hence synchronization between the reader and device cannot be maintained due to large SFO for D2R transmissions. In this asynchronous system, a D2R preamble indicates the starting time of the immediately following PDRCH for D2R transmission. Furthermore, the D2R preamble should immediately precede the PDRCH for each D2R transmission.
As discussed in our accompanying contribution [7], a D2R preamble is also needed to achieve a coarse estimation of SFO. To decrease the receiver complexity, a two-step SFO estimation method can be considered. After the coarse estimation by the preamble, a finer estimation of SFO can be achieved by the postamble and midamble. 
[bookmark: _Ref166276611]Proposal 3: The D2R timing acquisition signal is used both to indicate the start of the PDRCH transmission, and also to achieve coarse estimation of the large SFO.
Detailed design aspects of the D2R preamble are discussed in our accompanying contribution [7].
Postamble
In the RAN1#116bis meeting [2], the following agreement has been reached on the ending time acquisition of PDRCH.
	Agreement
For the reader to acquire the end of PDRCH transmission, study at least following options:  
· Option 1: D2R postamble immediately follows the PDRCH
· Option 2: Based on control information


[bookmark: _Hlk165229918]In order to acquire and determine the end of the PDRCH transmission, the postamble has the important function of determining the final accumulated time offset for the reader to counter the large SFO and achieve fine timing recovery. The reader then uses the amount of time domain resources required for the PDRCH transmission, which is known to the reader since it scheduled the transmission, and factors in the final accumulated time offset, to determine the actual end of the PDRCH transmission. After the starting time is obtained by preamble, the time offset will start to accumulate. For example, considering the time duration of one chip can be 133 μs as discussed in section 5.2, the ideal time duration of each D2R transmission will last ~100 ms with 1/2 Manchester coding and 1/3 FEC coding for a typical D2R packet including 96 bits EPC adding 16 bits CRC. With such long transmission time, the final accumulated time offset will be ~1 ms when the residual SFO is e.g. 1% after the coarse SFO estimation by preamble. Compared with the chip length 133us, the accumulated time offset equals to 7 chips, which is unacceptable for D2R decoding performance.
In order to deal with the large initial SFO of up to 105 ppm experienced by each PDRCH, the postamble is transmitted at the end of each PDRCH for finer SFO estimation at the reader’s receiver. Unlike the chip-level timing tracking done by continuously refreshing the timing reference for the receiver of an Ambient IoT device, the reader usually estimates and corrects the SFO for the received PDRCH, so as to achieve much finer timing recovery for optimal receiver performance. With the D2R postamble, the accumulated timing offset during the PDRCH can be estimated by the correlation peak detection of both the D2R preamble and postamble. The SFO can be derived by the deviation between the expected and actual number of samples between the two correlation peaks.
For better understanding, an example of SFO estimation by the D2R postamble is shown in . N0 represents the expected number of PDRCH samples, which can be derived by the reader according to the related scheduling information. N0+N is the detected number of PDRCH samples between the received D2R preamble and postamble, where N corresponds to the accumulated timing offset caused by the SFO. For example, N0+N may equal to 1188 for an D2R transmission. However, the corresponding N0 is 1200, as there are totally 100 chips in the PDRCH with 12 samples per chip. N is calculated to be (1188-1200) = -12. Consequently, the SFO can be further derived as -12 / 1200 = -104 ppm.
[image: ]
[bookmark: _Ref162945933]Figure 8. D2R SFO estimation
The reader already knows the TBS and the amount of time domain resources required for the PDRCH transmission and can use this information to figure out when the transmission is supposed to end, and then factor in the timing offset N to conclusively determine the actual end of the PDRCH transmission. Furthermore, the postamble can also be used to perform channel estimation, enabling the reader to improve its decoding performance.
[bookmark: _Ref163045800]Proposal 4: D2R postamble is supported to determine the final accumulated time offset, for the reader to counter the large SFO and achieve fine timing recovery, to acquire the end of the PRDCH transmission.
As shown in Figure 8, with the two channel estimation results combination of preamble and postamble by linear interpolation, the decoding performance is better than when only one of them is used for channel estimation. The channel estimation result of the preamble cannot always track the slowly changing channel state, especially at the end of PDRCH, thus the channel estimation result of postamble is also used to improve the decoding performance of PDRCH. An indicative usage is shown below, which will also apply to use of a midamble, as explained next.

	Taking postamble-based channel estimation for example, the channel estimation is implemented by using the following steps:
Step1: A reader and a device take a same sequence-based postamble with a fixed length and a fixed sequence.
Step2: The device sends the postamble to the reader.
           The transmitted postamble signal by the device can be denoted as , where  equals to the length of postamble.
           The received postamble signal by the reader can be denoted as , where the is the signal  equals to the signal  passing a channel .
Step3: The reader acquires the channel information  by  and , where the  is a single complex value.

Note: The preamble-based and midamble-based channel estimation share the same implementation as postamble-based channel estimation.


[bookmark: _Ref166276529]Observation 4: D2R postamble is useful for channel estimation of PDRCH.

Midamble
In the RAN1#116bis meeting [2], the following agreement has been reached on the necessity of D2R midamble.
	Agreement
For D2R transmission, study the necessity of midamble at least for the purpose of performing timing/frequency tracking or channel estimation or interference estimation, considering at least the following: 
· Modulation and Coding schemes, e.g., data modulation, line/channel coding 
· Receiving methods, e.g., coherent or non-coherent
· D2R transmission length/packet size
· Midamble overhead
· Timing/frequency accuracy
· Phase accuracy


Necessity of midamble
The purpose of the midamble is similar to that of the postamble, to determine the accumulated timing offset. The reason why we propose the midamble, along with the postamble, is because for D2R transmissions lasting for a longer time (e.g., 100 bits/100 bps = 1 s), the reader would need to store all the samples before the postamble, requiring a large memory and a large postamble searching window. The following are a list of the reasons necessitating the use of a D2R preamble:
· Line coding-based timing acquisition is not possible because of the low backscattered signal power of the D2R transmission. This signal power is similar to the noise power, making it very difficult to acquire timing based on edge detection with line coding.
· The D2R midamble decreases the memory requirement of the reader, and enables pipelined processing of the reception. As most receiver-side processing can only be performed after SFO estimation and correction, it can greatly impact the pipeline processing ability of the reader, which otherwise requires large memory for storing the samples in the absence of a midamble. 
· The D2R midamble improves the postamble correlation peak detection performance of the reader. If the midamble is not included, the accumulated timing offset would be large, resulting in a large searching window for the correlation peak. With a large searching window, the detection performance will be worse. 
· The D2R midamble can serve as a reference signal to achieve channel and interference estimation. Since the backscattered signal passes through a two-fold path loss and reflection loss at the Ambient IoT device, the received power of the CW signal can be much higher than the backscattered signal, causing interference. MMSE-IRC can be applied for interference suppression in digital baseband processing. As the channel state information of both target signal and interference is needed for the MMSE-IRC processing, the midamble can be used to achieve channel and interference estimation.
· Channel estimation is by the same principle as illustrated above for the postamble.
· For interference suppression, as discussed in our paper on CW characteristics [9], MMSE-IRC may be used together with the high-pass filter to further improve the performance. To support MMSE-IRC, the channel correlation matrix of the interference is needed. Since the multi-path channel may vary during a long D2R transmission, midamble is also used to update the channel correlation matrix of the interference in time for better performance.
[bookmark: _Ref166276622]Proposal 5: For D2R transmissions, the necessity of using a midamble is justified based on the following:
· Line coding-based timing acquisition is not possible because of the low backscattered signal power of the D2R transmission.
· Decreases the memory requirement of the reader, and enables pipelined processing of the reception.
· Improves the postamble correlation peak detection performance of the reader. 
· [bookmark: _Hlk166060552][bookmark: _Hlk166061786]Serves as a reference signal to achieve channel and interference estimation.
In order to understand exactly how the midamble achieves the aforementioned functions, the example design of the midamble is expected to be a binary sequence inserted in the middle of PDRCH transmissions, as seen in Figure 9.
[image: ]
[bookmark: _Ref166060028]Figure 9. An example design of midamble
Relationship between D2R transmission length and midamble overhead
The reason the midamble is used only for long PDRCH transmissions is to manage the overhead caused by the inserting the midamble. 
Considering the assumption shown in Appendix, the total transmission length of a D2R transmission without midamble can be calculated for a packet size of 400 bits with a 16-bit CRC, with Manchester encoding and an 1/3 rate FEC encoder, as:
 chips
Therefore, the overhead of midamble, considering a sequence length of 32 and accounting for the line encoding, can be calculated as:

For other packet sizes of 96 bits and 256 bits, the midamble overheads are 9.5% and 3.9% respectively, using the same calculation method and a fixed size for the midamble. It is clear that for shorter bits, the midamble would result in a fairly high overhead, but is acceptable for larger packet sizes, especially when considering the aforementioned advantages it offers in terms of determining the accumulated timing offset.
Decoding performance of PDRCH with midamble
[bookmark: _Hlk166249327]As shown in Figure 10 (1), for a packet size of 96 bits, the decoding performance of PDRCH without midamble has 0.6 dB loss than that of PDRCH with midamble, under the simulation assumptions in the Appendix. The comparison for packet size as large as 256 bits is also given in Figure 10(2) under the simulation assumptions in the Appendix. As can be seen in Figure 10(2), the performance gain by using the midamble is larger than that in Figure 10(1), for the different packet sizes. 
Due to the long time-duration of the D2R transmission, the channel state will change a lot in D2R_part2 as compared to D2R_part1 as shown in Figure 9. According to the simulation results in Figure 10, the following can be seen: 
· The midamble serves as a reference signal to achieve finer channel and interference estimation than when only the preamble and postamble are used for channel and interference estimation, thus, the performance of D2R with midamble is better than that of D2R without midamble. 
· Similarly, for a given transmission structure “preamble + D2R_part1 + midamble + D2R_part2 + postamble”, the performance gain will be larger if the packet size of PDRCH is longer.
As shown in Figure 10(2), the decoding performance of PDRCH with midamble is given when the packet size is 400 bits under the simulation assumptions in the Appendix. Compared to the decoding performance without midamble when the packet size is 256 bits, the decoding performance with midamble when the packet size is 400 bits is close to it. According to the above analysis, the performance gain with midamble will be more obvious for packet sizes up to 400 bits.
Considering the trade-off between overhead and performance gain of midamble, the midamble is essential when the packet size is large, e.g., >256bits with low overhead and obvious performance gain, while the midamble is not needed when the packet size is small, e.g., 96bits with slightly high overhead and non-obvious performance gain.

[image: ]
[bookmark: _Ref165215066]Figure 10. The decoding performance of PDRCH reception with/without midamble
[bookmark: _Ref163045804][bookmark: _Ref166276627]Proposal 6: D2R midamble based on binary sequences is supported to decrease receiver complexity and improve reception performance for longer PDRCH transmissions, since the midamble can:
· Achieve SFO tracking.
· Enable pipelined processing of the reception.
· Serve for channel and interference estimation.

Frame structure
R2D time unit
As discussed in [6], there can be M (M ≥ 1) chips per OFDM symbol generated by an M-chip OOK waveform, e.g. M = 6, as shown in [6]. The minimum time unit for resource allocation in a R2D transmission can be defined as the chip length of the M-chip per OFDM symbol, which also means a minimum duration of a (high-level or low-level) voltage. The chip length is 1/M OFDM symbol length without CP, which is calculated as 1/ (SCS*M). As discussed in section 4.1.1, the length is determined from the clock acquisition part of the R2D time acquisition signal. 
Either Manchester encoding or PIE may be utilized for R2D transmission. For Manchester encoding, irrespective of whether the codeword is {10} or {01}, the high-level voltage duration and low-level voltage duration for the two codewords is the same and equals to the chip length. For PIE, for codeword e.g., {1110}, the high-level voltage duration equals to 3 times of the chip length and the low-level voltage duration equals to the chip length. Thus, the minimum duration of a given voltage level after line coding equals to integer of the chip length.
[bookmark: _Ref166276632][bookmark: _Hlk166184260]Proposal 7: For R2D, the time unit is defined as the chip length, which equals to 1/M OFDM symbol length without CP calculated as 1/ (SCS*M).
[bookmark: _Ref166276635]Proposal 8: For R2D transmissions, the minimum duration of one single-level voltage of the OOK waveform after line coding is a chip.

[image: ]
Figure 11. Time unit of an OOK chip and OFDM symbol
As discussed in section 4.1, the R2D preamble is used to indicate the start of each R2D transmission. The discussions in section 7 show that the R2D postamble is more efficient to implicitly indicate the TBS of PDSCHs by directly indicating the end of each R2D transmission. In other words, there is no need to align the boundary of the PRDCH to the boundary of an NR slot. Considering the large number of small packets in Ambient IoT communications, the scheduling can be more flexible and efficient by removing the constraint of boundary alignment with NR slots for Ambient IoT PDSCH.
[bookmark: _Ref166276639]Proposal 9:  The start and end of PRDCH transmission is not restricted to be aligned with the boundary of NR slot. 

R2D padding
In the RAN1 #116bis meeting, the following agreements for D2R have been reached.
	Agreement
For R2D transmission, if OFDM-based waveform is used, the start of R2D transmission from reader perspective is assumed to be aligned with the boundary of an NR OFDM symbol (including the CP) for in-band/guard-band operation.


For the R2D transmission at the reader, whether the end of a transmitted signal aligns with the NR OFDM symbol boundaries is an important issue that should be discussed. As shown in our contribution paper[6], OFDM-based waveform transmitter such as DFT-s-OFDM processing is used for both the case of OOK-1 and OOK-4, where the time sequence/signal is processed by the DFT and IFFT module in order. Therefore, padding for the time sequence/signal should be done when it is not aligned with the NR OFDM boundary. This is the fundamental requirement for the DFT-s-OFDM-based transmitter, else the waveform is incompletely defined. For example:
· Assume that the source bits  = 16 bits with CRC bits  = 6 bits, then the data bits are (16+6) = 22 bits.
· Assume line coding type is Manchester, coding rate R = 1/2, bit “1” is coded to “10” and bit “0” is coded to “01”, then after line coding, 1 bit is mapped to 2 chips. Then 22 bits will be coded to 44 chips.
· Let the number of chips occupied by the postamble  = 3 based on our contribution paper [7]. 
· Assume M chips per OFDM symbol and M is 6, then the number of OFDM symbols is (44+3)/6 = 7.83, which is not integer number.
· For the last OFDM symbol, i.e. the 8-th OFDM symbol, only (44+3) modulo 6 = 5 chips are occupied, 1 chips need padding. Otherwise the 8-th OFDM symbol cannot be generated.
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Figure 12. Example of alignment with an OFDM symbol 
[bookmark: _Ref166276533]Observation 5: PRDCH padding is needed to ensure whole OFDM symbol generation is always defined. 
[bookmark: _Ref166276643]Proposal 10: Padding should be included before the R2D waveform generation for PRDCH, when the generated number of chips for the PRDCH  do not fully occupy the last OFDM symbol.
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Although the padding should be included before the R2D waveform generation to ensure the OFDM symbol generation, there is another issue that needs to be considered here. Note that the D2R transmission is triggered immediately by the R2D transmission and transmitted in the time window of [TR2D_min, TR2D_max] following the PRDCH as discussed in the Section 7 in this paper. Then the issue is how to determine the end of the PRDCH or the start time for TR2D_min and TR2D_max. This issue is related to the possible padding at the end of the transmissionIf we pad the R2D transmission, we can just use the end of the postamble as the reference for the end of the R2D transmission instead of the padding part. In other words, using T1 for TR2D_min1 instead of T2 for TR2D_min2.
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Figure 13 Example of D2R transmission start timing
[bookmark: _Hlk166185168]
[bookmark: _Ref166276540]Observation 6: The end of the R2D transmission is not needed to be aligned with the OFDM symbol boundary to improve the transmission efficiency, i.e., the postamble is used to indicate the end of the transmission, after which padding is performed, if needed.
[bookmark: _Ref166276649]Proposal 11: Padding of the R2D transmission after PRDCH is considered, when the PRDCH transmission would not be aligned with the OFDM symbol boundary.
[bookmark: _Hlk131523050]
D2R time unit
As discussed in [6], transmission bandwidth and occupied bandwidth is used for determining the frequency resource of D2R transmissions. Meanwhile, a single-carrier waveform is used for Ambient IoT D2R transmissions, and is different from the OFDM waveform used for R2D transmissions. For Ambient IoT D2R transmissions, the smallest time unit for resource allocation is e.g. an OOK or BPSK chip, where an OOK chip is defined as one high-voltage or one low-voltage level of an OOK waveform. Essentially, the chip duration can be defined as the duration of a single level of voltage of the OOK waveform after line encoding. According to the definition of single carrier OOK, the chip length depends on the transmission bandwidth as follows.

For example, for the single-sideband transmission bandwidth of 150 kHz, the corresponding chip length is 13.3µs. Compared with the length of an OFDM symbol with 15 kHz SCS, the length of chip is one fifth of the OFDM symbol, as shown in Figure 14. Consequently, it is suggested to use chip length as the smallest time unit for resource allocation for Ambient IoT D2R.
[bookmark: _Hlk166005137][bookmark: _Ref163045856][bookmark: _Ref166276654]Proposal 12: For D2R transmission, the smallest time unit for resource allocation is defined as chip length, which is the minimum duration of one single-level voltage of the OOK waveform after line coding.
[bookmark: _Ref166276661]Proposal 13: The chip length of D2R	is related to double sideband transmission bandwidth as:

[image: ]
[bookmark: _Ref158061018][bookmark: _Hlk161943164]Figure 14. An example of the length of a chip, which does not need to be aligned to an OFDM symbol
As discussed in [6], multiple transmission bandwidths are suggested to be supported for Ambient IoT D2R, even for the minimum channel bandwidth of 1 PRB. According to the above discussion, multiple chip lengths can be defined corresponding to the different signal bandwidths for Ambient IoT D2R transmissions as shown in Table 1.
[bookmark: _Ref165397536]Table 1. Examples of possible chip lengths
	Index
	Transmission bandwidth (double sideband)
	Chip length

	0
	15kHz
	133 µs

	1
	150kHz
	13.3 µs

	…
	…
	…

	N
	2.4MHz
	0.83125 µs



[bookmark: _Ref163045858][bookmark: _Ref158227176]Proposal 14: For D2R transmission in Ambient IoT, multiple chip lengths corresponding to the multiple D2R transmission bandwidths are supported.

From the transmitter perspective, it is well understood that a conventionally-synchronous system scheme cannot work for Ambient IoT devices as discussed in section 2. With the large SFO up to 105 ppm, it is not possible for Ambient IoT devices to align each transmission to the NR slot of frame boundaries, nor is it possible to align to OFDM symbol boundaries in D2R due to the assumption that single carrier waveforms are used. 
From the receiver perspective, the reader will listen for the D2R preamble from the device to indicate the start of a D2R transmission at any time after a corresponding PRDCH transmission, according to the timing relationship as discussed in section 7.2. Therefore, there is no need to have any specified time alignment between the D2R and NR/LTE frame structure. As shown in Figure 15, the reader can use a sliding window to detect the D2R preamble, then obtain the starting time of the corresponding PDRCH transmission. Meanwhile, the starting position of the first reception window is not earlier than T1_min, and the starting position of last reception window is not earlier than T1_max. It is noted that the length, sliding step, and starting position of reception window can be implemented by the reader. Other methods can also be used if a reader implementation prefers.
Consequently, it is not needed to align the time between D2R and NR/LTE frame structure.
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[bookmark: _Ref165205881]Figure 15. Illustration of D2R reception
[bookmark: _Ref163045861]Proposal 15: No time alignment is defined between D2R and NR/LTE frame structure.

System access procedures
In previous meeting [2], the following agreements have been reached on system access procedure in RAN1.
	Agreement
From RAN1 perspective, at least when a response is expected from multiple devices that are intended to be identified, an A-IoT contention-based access procedure initiated by the reader is used.
Agreement
For A-IoT contention-based access procedure, at least slotted-ALOHA based access is studied.



In RAN2#125bis, further agreements were reached which clarify the scope of RAN2’s intended work in this area:
	· RAN2 confirms slotted-ALOHA is the baseline for Ambient IoT random access 
· We will study the support for access triggering for a single device, group of devices, or all devices.    RAN2 to discuss the contention-based and contention-free access procedures and detailed solutions. 
· Random Access is triggered by the reader 
· Reader provides the information that the device needs to respond to the random access trigger.  FFS what those parameters are
· Study the solution and benefits of both 2-step like random access procedure and 4-step like random access procedure.  FFS the details on each procedure and how we call it.  
· Handling of contention resolution failure and access failure at the device will be studied in RAN2, including failure detection and re-access.  FFS details
· For the very first access message from the device to reader in random access an ID is included.  RAN2 to discuss whether a temporary identifier is included, or the permanent device ID is included (considering other WGs input as well).   



[bookmark: _Ref163045865]Proposal 16: For Ambient IoT system access procedures, RAN1 focuses on the following tasks.
· Identify the necessary physical channel/signal.
· Identify the potential scheme for efficiency improvement, such as the multiple access scheme.
· Identify the necessary configurations or scheduling information for the involved physical channel/signal.

RAN2#125bis also agreed as follows regarding the baseline procedure:
	· RAN2 will support two use cases, “inventory” and “command”. The definition, detailed wording is FFS
· Baseline procedure:
Step A: Based on the service request, the reader sends the Initial Trigger Message indicating device(s) that need to respond; Details FFS
Step B: Triggered device(s) performs the random access-like procedure, if needed; Details FFS
Step C: The device may perform the data communication with the reader as needed,: Details FFS
· We will study the support of both “inventory” and “command” in the same procedure.
· FFS if Initial Trigger Message can also include “command”.



Considering the on-demand traffic for the target use cases of inventory and command, the Initial Trigger Message in the access procedure for Ambient IoT will be the R2D triggering command sent by the base station. Moreover, the principal functionalities of conventional PRACH – to provide timing advance and sequence based access, are not be possible for Ambient IoT devices.
· As discussed in section 2, the 105 ppm SFO makes the timing advance scheme based on D2R synchronization by PRACH useless.
· As discussed in [6], CDMA cannot be supported due to: 1) CDMA cannot work as the large SFO which will break the sequences orthogonality for devices. 2) It is uncertain that the reusing of the same time-frequency resource between multiple devices can compensate the reduced spectrum efficiency per device. 
[bookmark: _Ref157262393]From the above analysis, Ambient IoT is not expected to support PRACH-like channel, and current agreements do not call for one. Referring to ISO 18000-6C UHF RFID, an example of the access procedure from the view of a single device is shown in Figure 1. In general, the illustrated procedure is based on the dynamic framed slotted ALOHA scheme which works without a dedicated physical channel or signal for access procedure, such as PRACH.
Further to this, there is already an agreement that PDRCH is used for the response from the device during the contention-based access procedure:
	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
· …



[bookmark: _Ref158126101]Observation 7: PDRCH is sufficient for the D2R transmission during the access procedure.

To achieve a comparable data rate with RFID, the potential multiple access scheme for D2R transmission during access procedure should be studied. As discussed in [6], D2R OFDMA and CDMA cannot be supported due to the large clock frequency offset of the Ambient IoT devices. Meanwhile, D2R FDMA can be implemented without impacting the hardware of the Ambient IoT device. Consequently, TDMA and FDMA should be supported, while OFDMA and CDMA not supported for D2R transmission of Ambient IoT during access procedure.
[bookmark: _Ref163045878]Proposal 17: For D2R transmission during access procedures, TDMA and FDMA are supported, while OFDMA and CDMA are not supported.

Scheduling and timing relationships
[bookmark: _Ref158027409]Scheduling
In conventional 3GPP technologies, the transmission format of PDSCH is indicated by the DCI carried in the PDCCH, and the scheduling information in the DCI mainly includes MCS, TBS, time domain and frequency domain resource allocation.
For PRDCH, as analyzed in [6], only OOK is applied, while FEC code is not supported. In other words, there is no need to indicate MCS. Regarding frequency domain resource allocation, the envelope detection used by Ambient IoT devices convert the RF signal at any frequency within the effective band to baseband. There is no need to indicate the frequency domain location for PRDCH. Regarding time domain resource allocation, as discussed in section 2, Ambient IoT is assumed to be an asynchronous system. The starting time of the PRDCH is indicated by the R2D timing acquisition signal, while the chip length is indicated by the clock acquisition part of this signal. The only remaining issue is how/whether to indicate the ending time of PRDCH.
One solution is to use postamble to indicate the ending time of a PRDCH transmission. For example, the Ambient IoT device will obtain the number of chips in the time interval from the timing acquisition signal to a corresponding postamble when it detects the preamble and postamble successfully. It implicitly indicates the TBS with higher efficiency for small packets, as bit- or byte-level TBS indication can lead to a large padding overhead. For example, up to 10 bits of control information is needed for a bit-level TBS indication, considering message sizes up to 1000 bits. The overhead of a PDCCH-like channel is too high for the large portion of small packets (e.g., a few or several 10 bits) in Ambient IoT communications, especially the handshaking messages in access procedure. Considering the BLER requirement for PDCCH is usually an order of magnitude better than PDSCH, the DCI with a size of a few 10 bits carried by PDCCH can even consume more resources than the short messages with similar size carried by the PRDCH.
[bookmark: _Hlk158655620]Proposal 18: For indicating R2D scheduling information in Ambient IoT, a PDCCH-like channel is not included in the study. 
[bookmark: _Ref163045884]Proposal 19: The end of a PRDCH transmission is indicated by using a postamble, i.e. R2D TBS is not signaled independently.

For PUSCH scheduling in existing 3GPP technologies, the transmission format of PUSCH is indicated by the DCI carried in the PDCCH, and the scheduling information in the DCI mainly includes MCS, TBS, time domain and frequency domain resource allocation.
· For PDRCH, as analyzed in [6], both OOK and BPSK are supported and the selection is up to device implementation, while FEC and line coding are supported. Thus, the MCS of PDRCH is need to indicated. For the MCS of PDRCH, at least the smallest time unit (e.g., chip length) should be indicated for D2R transmission. Considering D2R coverage improvement, repetition scheme (e.g., chip repetition, line coding repetition) should also be considered. 
· For D2R transmission, the TBS of PDRCH is needed for the Ambient IoT device. Considering the on-demand traffic for the target use cases of inventory and command, the reader will always know the TBS information. 
· To determine time and frequency resource for D2R transmission, the time domain and frequency domain resource allocation are required, and the details will be discussed in [7]. 
[bookmark: _Ref163045888]Proposal 20: To schedule a D2R transmission, the following information is needed: MCS, TBS, amount of time-domain resources, frequency domain resource allocation.
For the scheduling of PDRCH in Ambient IoT, a PDCCH-like channel is also unnecessary for the D2R scheduling information. As discussed in section 3 and 6, 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 scheduling information can be included in a higher layer message, together with the other message(s) carried by the last PRDCH transmission. 
[bookmark: _Hlk158125777][bookmark: _Ref157262399]Proposal 21: For indicating D2R scheduling information in Ambient IoT, a PDCCH-like channel is not studied.
[bookmark: _Ref163045895]Proposal 22: Each PRDCH contains the scheduling information for its following PDRCH, e.g. in a higher-layer message.
Timing relationships
In previous meeting [2], for timing relationships, the following agreement was made:
	Agreement
For further discussion, the following terminologies are used for A-IoT for studying processing time aspects:
· TR2D_min: Minimum Time between a R2D transmission and the corresponding D2R transmission following it. 
· TD2R_min: Minimum Time between a D2R transmission and the corresponding R2D transmission following it.
· TR2D_R2D_min: Minimum Time between two different consecutive R2D transmissions to the same A-IoT device. 
· TD2R_D2R_min: Minimum Time between two different consecutive D2R transmissions from the same A-IoT device.
· The study should consider at least following aspects 
· Implementation restrictions for the existing BS/UE
· [Processing time is common or different for different A-IoT devices]
· [Processing time for different traffic types/command types (e.g. DT or DO-DTT) and/or different use case (e.g., Inventory or Command)] 
· FFS other timing aspects


Access procedure is a handshaking procedure between the Reader and the A-IoT device, and similar to the RFID timing relationships, the time intervals between one transmission and the next need to be specified to bound the processing requirement on device implementation. Using this timing relationship, the network or device can expect when the next signaling comes to avoid unnecessary waiting. 
[bookmark: _Hlk161943632]In the RAN1#116 meeting [2], considering the processing capability of the Ambient IoT device, a minimum time TR2D_min, a minimum time TD2R_min, and a minimum time TR2D_R2D_min are defined. However, the minimum times are not enough to represent the entire timing relationships. Taking TR2D for example, as shown in Figure 16, there are two steps during TR2D – an R2D transmission and D2R transmission. 
[image: ]
[bookmark: _Ref162952632]Figure 16. Illustration of the necessity for maximum response times
From a device perspective, the minimum time TR2D_min is defined to satisfy the processing capability of the Ambient IoT device. The device is required to be capable of sending a D2R after not smaller than TR2D_min time following the PRDCH. In our design, the timing to transmit PDRCH is not scheduled directly by the reader. Rather, when the device has completed its R2D processing, it sends the D2R preamble immediately which informs the reader that a D2R transmission is beginning. This allows different vendors to implement devices with varying delays between PRDCH and PDRCH, according to their power consumption and complexity choices.
From a reader perspective, to assess the success of the R2D transmission, it is necessary to confirm the corresponding D2R reception within a specific time interval as the gray area shown in Figure 16(2), or the reader must remain in a ‘waiting’ state for a potentially very long time as the gray area shown in Figure 16(1). Different readers would choose different maximum wait times. Therefore, a maximum time TR2D_max is required, for the device to send PDRCH after the corresponding PRDCH. If the transmission delay is larger than the maximum time TR2D_max, the reader can assume the R2D transmission to device as a failure. 
[bookmark: _Ref163045899]Proposal 23: To avoid long and uncertain wait times at the reader, define a maximum time, TR2D_max, between a R2D transmission and the corresponding D2R transmission following it.
It is noted that the maximum time TR2D_max is a time threshold for the reader to stop expecting a possible D2R reception, and is not a delayed scheduling time. Within the time range TR2D_min~TR2D_max, the reader will monitor for D2R transmissions by sliding a reception window as discussed in section 5.2. 
In the last meeting, some companies mentioned that the start time of D2R transmission can be indicated by reader in order to achieve a possible delayed scheduling. The assumption here is that the control information would contain a counter which the device would use to count down to start the D2R transmission. We have identified a few issues here. 
· Due to the limited power consumption of the devices, the accuracy of timer is expected to be very low, and hence a guard time is required to counter the timing offset. Considering the time duration of one chip can be 133us as discussed in section 5.2, the ideal time duration of each D2R transmission will last more than 100 ms with 1/2 Manchester coding and 1/3 FEC coding for a typical D2R packet including 96 bits EPC adding 16 bits CRC. With the above transmission time, the final accumulated time offset will be 10 ms when the SFO is 10%, thus at least 20ms guard time between the first D2R transmission and the second D2R transmission. This issue is compounded when the TDMA is supported, resulting in the loss of peak data rate.
· While it is challenging for a device with 1.92 MHz sampling rate to count 100ms, a shorter scheduling delay is possible. However, it has to be noted that this delayed scheduling cannot achieve long enough a delay to support TDMA, and hence we do not see the motivation to support such a short scheduling delay.
· An additional timer is required at the device in order to perform the count down after the device receiving a corresponding R2D. This will increase the power consumption and complexity of the device, especially for device 1. It is infeasible to maintain and power a separate clock at devices under a harmonized design.
[bookmark: _Ref166276554]Observation 8: Long delayed scheduling to facilitate TDMA is not feasible for Ambient IoT devices due to the necessity of a large guard time, resulting in loss of peak data rate and poor resource utilization efficiency. It also requires an additional timer at the device, which is detrimental to the power consumption and complexity of the device.
Defining a maximum time in which the reader is expected to respond to a corresponding PDRCH from the device is also useful, to allow the tag to assume it is possible to enter a lower-power state if the reader is not going to respond to it.
[bookmark: _Ref166276718]Proposal 24: Define TD2R_max, the maximum response time for the Reader to send a PRDCH corresponding to a PDRCH from the device.

During RAN1#116 [2], considering the processing capability of the Ambient IoT device, a minimum time TD2R_D2R_min between two different consecutive D2R transmissions from the same A-IoT device is also defined. It is important to note that this timing relationship is not related to the access procedure, and we are not sure whether the D2R-D2R procedure will exist or not. Therefore, it is recommended to discuss the TD2R_D2R_min until the corresponding procedure is clear.
[bookmark: _Hlk163208364][bookmark: _Hlk165230850][bookmark: _Ref163045757]Observation 9: Regarding TD2R_D2R_min, it is recommended to clarify the case for the interval before studying the value(s) of it.

Considering that a similar implementation architecture is shared between UHF RFID tags and Ambient IoT devices with ~1 µW peak power consumption, the values of  TR2D_min, TR2D_max, TD2R_min, TD2R_max, and TR2D_R2D_min can refer to the UHF RFID as shown in Table 2. 
· The values of TR2D_min and TR2D_max  depend on the processing latency of the Ambient IoT device, which includes the latency of both R2D receiving and D2R transmission preparation. For example, the values of TR2D_min and TR2D_max  can refer to UHF RFID, which are at a 100 µs level.
Similarly, the value of  TR2D_R2D_min depends on the R2D receiving latency of the Ambient IoT device, and can refer to UHF RFID.
· The values of TD2R_min and TD2R_max depend on the processing latency of the Reader, which includes the latency of both D2R receiving and R2D transmission preparation. To avoid a big impact on existing BS/reader implementations, e.g. ms-level switching time between R2D and D2R transmissions needs to be considered.
[bookmark: _Ref157762544]Table 2. Timing relationships of Ambient IoT
	Parameters
	Description
	Latency reference of UHF RFID (ISO 18000-6C)


	TR2D_R2D_min
	Minimum Time between two different consecutive R2D transmissions to the same A-IoT device.
	125 us @ 160 kHz BW, etc.


	[bookmark: _Hlk157761058]TR2D_min
	Minimum Time between a R2D transmission and the corresponding D2R transmission following it
	238 us @ 160 kHz BW, etc.


	TR2D_max
	Maximum Time between a R2D transmission and the corresponding D2R transmission following it
	262 us @ 160 kHz BW, etc.

	TD2R_min
	Minimum Time between a D2R transmission and the corresponding R2D transmission following it
	75 us @ 160 kHz BW, etc.


	TD2R_max
	Maximum Time between a D2R transmission and the corresponding R2D transmission following it
	500 us @ 160 kHz BW, etc.


[bookmark: _Ref157776735][bookmark: _Hlk158901553]Proposal 25: For the values of TR2D_min, TR2D_max, and TR2D_R2D_min related to the processing latency of the Ambient IoT device, the values from ISO 18000-6C UHF RFID are a reference for further study.
[bookmark: _Ref157776739]Proposal 26: For the values of TD2R_min and TD2R_max related to the processing latency of the Reader, the impact on the existing BS implementation is included in the study.

Periodic synchronization signal
In some previous contributions, periodic synchronization signal was proposed for the power saving of devices. However, the necessity and achievability should be considered.
Firstly, the study of such duty cycle based power saving scheme is usually led by RAN2. The feasibility and framework, if feasible, of the scheme has to be clarified in RAN2. For example, the initial procedure to obtain the duty cycle configuration is unclear in the corresponding descriptions, which makes it hard to justify the necessity of the duty cycle scheme. 
Secondly, as each device has to wait for the coming of the corresponding sync-signal, the latency of inventory or command can be significantly increased due to the duty cycle scheme. The impact has to be clarified, as it may make the system failed to meet the design target.
Thirdly, the large SFO at device leads to a large detection window for the sync-signal, which is proportional to the value of the SFO and the gap between adjacent sync-signals. The large detection window still requires the device to perform signal detection for a long duration. For example, considering an SFO of 10%, the detection window can be as large as 2x10% of the gap between adjacent sync-signals. It is not sure the duty cycle scheme can enable Device 2 to work properly with very limited energy storage as claimed.
Fourthly, a grouped device information was proposed to be carried by the periodic synchronization signal. For the purpose, the existing “preamble + PDRCH” structure can be reused, which means a newly designed dedicated synchronization signal is unnecessary. 
Based on the above, the effectiveness and necessity of the periodic synchronization signal is uncertain.
[bookmark: _Ref166276730]Proposal 27: A dedicated periodic signal has not been justified compared to other designs for Rel-19.
Conclusions
Based on the analysis in this contribution, we have the following observation and proposals:
Observation 1: Despite the addition of CP before the start indicator, the device is capable of detecting the low-voltage start indicator and has a negligible impact on the energy detection ability of the device.
Observation 2: The device determines the chip length by counting the samples between the adjacent transition edges in the same direction
Observation 3: For each R2D transmission, chip-level time tracking is achieved by using the transition(s) in each codeword of the line code.
Observation 4: D2R postamble is useful for channel estimation of PDRCH.
Observation 5: PRDCH padding is needed to ensure whole OFDM symbol generation is always defined.
Observation 6: The end of the R2D transmission is not needed to be aligned with the OFDM symbol boundary to improve the transmission efficiency, i.e., the postamble is used to indicate the end of the transmission, after which padding is performed, if needed.
Observation 7: PDRCH is sufficient for the D2R transmission during the access procedure.
Observation 8: Long delayed scheduling to facilitate TDMA is not feasible for Ambient IoT devices due to the necessity of a large guard time, resulting in loss of peak data rate and poor resource utilization efficiency. It also requires an additional timer at the device, which is detrimental to the power consumption and complexity of the device.
Observation 9: Regarding TD2R_D2R_min, it is recommended to clarify the case for the interval before studying the value(s) of it.

Proposal 1: Considering the large SFO of up to 105 ppm for the Ambient IoT device 1, Ambient IoT is assumed to be an asynchronous system.
Proposal 2: For each R2D transmission, the device performs timing acquisition and tracking by using:
Proposal 3: The D2R timing acquisition signal is used both to indicate the start of the PDRCH transmission, and also to achieve coarse estimation of the large SFO.
Proposal 4: D2R postamble is supported to determine the final accumulated time offset, for the reader to counter the large SFO and achieve fine timing recovery, to acquire the end of the PRDCH transmission.
Proposal 5: For D2R transmissions, the necessity of using a midamble is justified based on the following:
Proposal 6: D2R midamble based on binary sequences is supported to decrease receiver complexity and improve reception performance for longer PDRCH transmissions, since the midamble can:
Proposal 7: For R2D, the time unit is defined as the chip length, which equals to 1/M OFDM symbol length without CP calculated as 1/ (SCS*M).
Proposal 8: For R2D transmissions, the minimum duration of one single-level voltage of the OOK waveform after line coding is a chip.
Proposal 9:  The start and end of PRDCH transmission is not restricted to be aligned with the boundary of NR slot.
Proposal 10: Padding should be included before the R2D waveform generation for PRDCH, when the generated number of chips for the PRDCH  do not fully occupy the last OFDM symbol.
Proposal 11: Padding of the R2D transmission after PRDCH is considered, when the PRDCH transmission would not be aligned with the OFDM symbol boundary.
Proposal 12: For D2R transmission, the smallest time unit for resource allocation is defined as chip length, which is the minimum duration of one single-level voltage of the OOK waveform after line coding.
Proposal 13: The chip length of D2R	is related to double sideband transmission bandwidth as:

Proposal 14: For D2R transmission in Ambient IoT, multiple chip lengths corresponding to the multiple D2R transmission bandwidths are supported.
Proposal 15: No time alignment is defined between D2R and NR/LTE frame structure.
Proposal 16: For Ambient IoT system access procedures, RAN1 focuses on the following tasks.
Proposal 17: For D2R transmission during access procedures, TDMA and FDMA are supported, while OFDMA and CDMA are not supported.
Proposal 18: For indicating R2D scheduling information in Ambient IoT, a PDCCH-like channel is not included in the study.
Proposal 19: The end of a PRDCH transmission is indicated by using a postamble, i.e. R2D TBS is not signaled independently.
Proposal 20: To schedule a D2R transmission, the following information is needed: MCS, TBS, amount of time-domain resources, frequency domain resource allocation.
Proposal 21: For indicating D2R scheduling information in Ambient IoT, a PDCCH-like channel is not studied.
Proposal 22: Each PRDCH contains the scheduling information for its following PDRCH, e.g. in a higher-layer message.
Proposal 23: To avoid long and uncertain wait times at the reader, define a maximum time, TR2D_max, between a R2D transmission and the corresponding D2R transmission following it.
Proposal 24: Define TD2R_max, the maximum response time for the Reader to send a PRDCH corresponding to a PDRCH from the device.
Proposal 25: For the values of TR2D_min, TR2D_max, and TR2D_R2D_min related to the processing latency of the Ambient IoT device, the values from ISO 18000-6C UHF RFID are a reference for further study.
Proposal 26: For the values of TD2R_min and TD2R_max related to the processing latency of the Reader, the impact on the existing BS implementation is included in the study.
Proposal 27: A dedicated periodic signal has not been justified compared to other designs for Rel-19.
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Appendix
Simulation assumptions of PDRCH reception with/without midamble
	Information bits/packet size
	96, 256, 400 bits

	CRC
	16 bits

	SFO
	10%

	Line coding
	1/2 Manchester

	D2R transmission bandwidth
	15kHz

	FEC
	1/3 convolutional code

	Channel model
	TDL-A

	Delay spread
	150ns

	Data modulation
	OOK

	Receiving method
	Coherent

	Midamble sequence length
	32 bits
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