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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 Ambient IoT device 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:
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. 
…
· 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 synchronous or asynchronous system for Ambient IoT. Based on the conclusion of asynchronous system, the corresponding air interface design are further studied, including timing, frame structure, random access, scheduling and timing relationships.
[bookmark: _Hlk130930431]Discussions on synchronous and asynchronous systems for Ambient IoT
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, generally in the order of a few mWs, 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.
Suffering from the large SFO of ~105 ppm, the timing error is accumulated by 1 ms every 10 ms for Ambient IoT device, which is as large as 1 slot of NR. In this case, the conventional synchronous system scheme cannot be supported by Ambient IoT device.
· In downlink, 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 downlink synchronization signals to be transmitted at 100 µs-level intervals, which is impractical from the view of overhead.
· [bookmark: _Hlk157243099][bookmark: _Hlk157697870]In uplink, synchronization between the BS 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 shown in Figure 1, the misalignment between two Ambient IoT devices can be as large as 2 ms with a 10 ms interval from the aligned timing by timing advance. 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.
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[bookmark: _Ref158226790]Figure 1. Timing lost soon after TA
Based on the above analysis, both downlink and uplink synchronization cannot be maintained for Ambient IoT devices. Consequently, Ambient IoT is assumed to be an asynchronous system. 
[bookmark: _Ref157262323]Proposal 1: Considering the large SFO of up to 105 ppm for the extreme-low power Ambient IoT device, Ambient IoT is assumed to be an asynchronous system.

Framework of asynchronous system scheme for Ambient IoT
Referring to ISO 18000-6C UHF RFID, the random access procedure suitable for inventory is shown in Figure 2. The procedure starts from a downlink triggering command, with each uplink transmission following a downlink transmission.
[image: ]
[bookmark: _Ref158059940]Figure 2. An example of scheduling procedure
As shown in Figure 3, each downlink transmission consists of the following 3 parts, their detailed designs are discussed in our accompanying contribution [3].
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[bookmark: _Ref158060337]Figure 3. The overall design of downlink transmission
· Downlink preamble: Downlink preamble is used to indicate the starting time of the following PDSCH, which also carries chip length information.
· PDSCH: Both downlink traffic data and control information are carried by the PDSCH.
· Downlink postamble: Downlink postamble immediately follows the PDSCH to indicate the end of the PDSCH.
Similarly, as shown in Figure 4, each uplink 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 [3].
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[bookmark: _Ref158060625]Figure 4. The transmission structure of uplink
· Uplink preamble: Uplink preamble is located at the beginning of each uplink transmission, immediately followed by the PUSCH. It is used to indicate the starting time of the PUSCH.
· PUSCH: Both uplink traffic data and signaling are carried by PUSCH.
· Uplink midamble: Uplink midamble may be inserted into PUSCH transmissions for the tracking of chip-level timing, depending on the length of the PUSCH transmission.
· Uplink postamble: Uplink postamble immediately follows the PUSCH, which is used to indicate the end of the PUSCH, and provide a final timing correction to the BS.

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 downlink or uplink transmission.
Downlink
Downlink preamble is transmitted at the head of each downlink transmission to indicate the starting time, which also indicates the chip length used by the following PDSCH transmission. For this purpose, downlink preamble consists of two components, which are called the delimiter and clock calibration signal.
[image: ]
Figure 5. Downlink preamble structure
The delimiter signal indicates the starting time of the downlink transmission, which can be used by the device for timing acquisition. As discussed in [2], sequence correlation cannot be supported by Ambient IoT devices with ~1 µW peak power consumption. Referring to UHF RFID, the delimiter signal may be designed as a low voltage transmission with a certain duration [4]. Following the delimiter signal, the clock calibration signal is a square-wave like signal, whose length is proportional to the chip length used for the following PDSCH. Ambient IoT devices can obtain chip length information according to the interval between adjacent rising- or falling-edges in the square-waves. An example of the detailed downlink preamble is illustrated in Figure 6.

[image: ]
[bookmark: _Ref157775766]Figure 6. Illustrative of detailed downlink preamble
Proposal 2: For the timing acquisition of each downlink transmission in Ambient IoT, downlink preamble is supported to indicate the starting time and the chip length used for the following PDSCH transmission.
After timing acquisition by the downlink preamble, 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 rising- or falling-edge within each codeword of line code, the device can utilize the edge(s) to continuously refresh its timing reference point. For example, the device can use each detected edge to derive the possible location of the next edge, 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 7.

[image: ]
[bookmark: _Ref157775822]Figure 7. Illustration of chip-level timing tracking
[bookmark: _Ref157776705]Proposal 3: For the chip-level timing tracking during each downlink transmission in Ambient IoT, the rising- or falling- edge in each codeword of line code is used to e.g. continuously refresh the timing reference point.

Uplink
Similarly, an uplink preamble is needed for the timing acquisition of each uplink transmission, which indicates the starting time of the following PUSCH. Apart from the uplink preamble, the uplink postamble and midamble are also introduced to deal with the large SFO up to 105 ppm experienced by each uplink transmission. The overall format of Ambient IoT uplink transmission is shown in Figure 8.
[image: ]
[bookmark: _Ref157775921]Figure 8. Uplink synchronization signal
· Uplink preamble is transmitted at the head of each uplink transmission, to indicate the starting time of the uplink transmission. Different from the downlink preamble, a relatively simple, e.g. binary sequence-based design can be used for uplink preamble, as correlation operations are not a problem for the BS receiver.
· Uplink postamble is transmitted at the end of each uplink transmission for SFO estimation at the BS receiver. Unlike the chip-level timing tracking done by continuously refreshing the timing reference for the receiver of an Ambient IoT device, the BS usually estimates and corrects the SFO for the received uplink signal, so as to achieve much finer timing recovery for optimal receiver performance. With the uplink postamble, the accumulated timing offset during the uplink transmission can be estimated by the correlation peak detection of both the uplink preamble and postamble. The SFO can be derived by the deviation between the expected and actual number of samples between the two correlation peaks, as seen in Figure 9.
· For uplink transmissions lasting for a longer time (e.g., 100 bits/100 bps = 1 s), the BS needs to store all the samples before the postamble. As most receiver-side processing can only be performed after SFO estimation and correction, it can greatly impact the pipeline processing ability of the BS, and also consumes large memory for storing the samples. The accumulated timing offset will be large for this case. It leads to a large searching window for the correlation peak of the postamble, which degrades the detection performance. To solve the aforementioned problem, an uplink midamble can be inserted into the PUSCH transmission for better link performance and more convenient basestation implementation. It should be noted that the uplink midamble can also be used for other optimizations, such as interference estimation.
Proposal 4: For the timing acquisition and tracking of uplink transmissions in Ambient IoT, uplink preamble, midamble, and postamble are supported.
For better understanding, SFO estimation by the uplink preamble and postamble is shown in . N0 represents the expected number of PUSCH samples, which can be derived by the BS according to the related information in the uplink grant. N0+N is the detected number of PUSCH samples between the received uplink preamble and postamble, where N corresponds to the accumulated timing offset caused by the SFO. For example, N0+N may equal to 1080 for an PUSCH transmission. However, the corresponding N0 is 1200, as there are totally 100 chips in the PUSCH with 12 samples per chip. N is calculated to be (1080-1200) = -120. Consequently, the SFO can be further derived as -120 / 1200 = -105 ppm.
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[bookmark: _Ref157775992][bookmark: _Ref158886487]Figure 9. Uplink SFO estimation

Frame structure
In conventional 3GPP technologies, the slot and frame are used as a time unit for both downlink and uplink transmissions. The boundary of the slot or frame is used as a reference point for the time domain resource allocation of e.g. the PDSCH and PUSCH. However, as discussed in section 3, this synchronous system scheme cannot work for Ambient IoT device. With the large SFO up to 105 ppm, it is not possible for Ambient IoT devices to align each transmission to the slot or frame boundary. Furthermore, a smaller time unit is beneficial for the scheduling efficiency of small packets with TBS of e.g. a few 10s of bits. Consequently, the slot and frame is no longer suitable to be used as the time unit for Ambient IoT transmissions.
Proposal 5: Slot and frame are not used as time units for Ambient IoT.
[bookmark: _Hlk131523050]Downlink time unit
The minimum time unit in a downlink transmission can be defined as an OOK chip, whose length can be shorter than an OFDM symbol. As discussed in [5], there can be M (M ≥ 1) chips per OFDM symbol, as shown in Figure 10. Consequently, it is suggested to use the chip length as the basic time unit for Ambient IoT downlink.
Proposal 6: For downlink transmissions, the basic time unit is defined as chip length.

[image: ]
[bookmark: _Ref158137613]Figure 10. Time unit of an OOK chip and OFDM symbol
As discussed in section 4, the downlink preamble is used to indicate the start of each downlink transmission. The discussions in section 7 show that the downlink postamble is more efficient to implicitly indicate the TBS of PDSCHs by directly indicating the end of each downlink transmission. In other words, there is no need to align the boundary of the PDSCH 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: _Ref157776717][bookmark: _Ref158227168]Proposal 7:  The start and end of Ambient IoT downlink transmission is not restricted to be aligned with the boundary of NR slot.

Uplink time unit
As discussed in [5], a single-carrier waveform is used for Ambient IoT uplink transmissions, and is different from the OFDM waveform used for downlink transmissions. The minimum time unit is e.g. an OOK or BPSK chip, whose length depends on the signal bandwidth as follows.

For example, for the signal bandwidth of 150 kHz, the corresponding chip length is 13.3µs. Compared with the length of an OFDM symbol with 15 kHz SCS, the chip length is only one fifth of the OFDM symbol, as shown in Figure 11. Consequently, it is suggested to use chip length as the basic time unit for Ambient IoT uplink.
Proposal 8: For uplink transmission in Ambient IoT, the basic time unit is defined as chip length.
[image: ]
[bookmark: _Ref158061018]Figure 11. An example of chip length
As discussed in [5], multiple signal bandwidths are suggested to be supported for Ambient IoT uplink, even for the minimum channel bandwidth of 1 PRB. According to the above discussion, multiple chip lengths are expected corresponding to the different signal bandwidths. In other words, multiple chip lengths needs to be defined as the time unit for Ambient IoT uplink transmissions.
[bookmark: _Ref158227176]Proposal 9: For uplink transmission in Ambient IoT, multiple chip lengths corresponding to the multiple uplink signal bandwidths are supported.

Random access
Considering the on-demand traffic for the target use cases of inventory and command, the first message in the random access procedure for Ambient IoT is expected to be the downlink triggering command sent by the base station. Moreover, the principal functionalities of conventional PRACH – to provide timing advance and CDMA, are not be possible for Ambient IoT devices.
· As discussed in section 2, the 105 ppm SFO makes the timing advance scheme based on uplink synchronization by PRACH useless.
· As discussed in [5], the performance of CDMA also relies on fine timing and frequency synchronization between devices. For backscatter modulation, a multi-phase sequence cannot be supported, as each phase corresponds to a branch circuit for impedance matching. To satisfy a moderate requirement on phase accuracy, higher requirements on the parameter accuracy and consistency of all the components in each branch circuit are also needed, which is contradictory to the low power consumption and complexity requirements on Ambient IoT devices. Consequently, a binary sequence is expected for the backscatter modulation in Ambient IoT uplink. From the view of cross-correlation characteristics, the existing binary sequences are mostly sensitive to the large time and frequency offset between uplink transmissions from different devices.
[bookmark: _Ref157262393]From the above analysis, Ambient IoT is expected to have a distinct random access procedure from conventional 3GPP technologies. Referring to ISO 18000-6C UHF RFID, an example of the random access procedure from the view of a single device is shown in Figure 2. In addition, another example from the view of multiple devices is given in the Appendix. In general, the illustrated procedure is based on the dynamic framed slotted ALOHA scheme which works without a dedicated physical channel or signal for random access, such as PRACH.
[bookmark: _Ref158126101]Proposal 10: The study assumes no dedicated physical channel or signal for random access.
Scheduling and timing relationships
[bookmark: _Ref158027409]Scheduling
In conventional 3GPP technologies, the transmission format of PDSCH and PUSCH is indicated by the DCI carried in the PDCCH. The scheduling information in the DCI mainly includes MCS, TBS, time domain and frequency domain resource allocation.
For the scheduling of PDSCH in Ambient IoT, a PDCCH-like channel is unnecessary and unsuitable due to the following reasons.
· For PDSCH, as analyzed in [5], 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 PDSCH. Regarding time-domain resource allocation, as discussed in section 2, Ambient IoT is assumed to be an asynchronous system. The starting time of the PDSCH is indicated by the downlink preamble, while the chip length is indicated by the clock calibration signal. The only remaining issue is how/whether to indicate the TBS for PDSCH. One solution is to use postamble to indicate the end of PDSCH. 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, 10 bits of control information is needed for a bit-level TBS indication, considering message sizes up to 1000 bits.
· The overhead of 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 random 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 consumes more resources than the short messages with similar size carried by PDSCH. 
[bookmark: _Hlk158655620]Proposal 11: For downlink scheduling information in Ambient IoT, a PDCCH-like channel is not included in the study. 
For the scheduling of PUSCH in Ambient IoT, a PDCCH-like channel is also unnecessary for the uplink grant. As discussed in section 3 and 6, each PUSCH transmission always follows a corresponding PDSCH transmission, as the device responds passively according to the last downlink message. In this case, the UL grant can be included in a higher layer message, together with the other message(s) carried by the last PDSCH transmission.
[bookmark: _Hlk158125777][bookmark: _Ref157262399]Proposal 12: For uplink scheduling information in Ambient IoT, a PDCCH-like channel is not included in the study.

Timing relationships
Random access is a handshaking procedure between the BS 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 for. Using this timing relationship, the network or device can expect when the next signaling comes to avoid unnecessary waiting. 
The minimum timing interval should take the network and device processing capabilities into consideration. As shown in Figure 2, considering the latency of reception processing and transmission preparation for both the network and the Ambient IoT device, three typical timing intervals should be considered in Ambient IoT system.
· The time interval between a downlink reception and the following corresponding uplink transmission is represented by TDL-UL. The value of TDL-UL depends on the processing latency of the Ambient IoT device, which includes the latency of both downlink receiving and uplink transmission preparation. For example, considering that a similar implementation architecture is shared between UHF RFID tags and Ambient IoT devices with ~1 µW peak power consumption, the value of TDL-UL can refer to UHF RFID, which is at a 10~100 µs level varying with downlink signal bandwidth.
· The time interval between an uplink reception and the following corresponding downlink transmission is represented by TUL-DL. The value of TUL-DL depends on the processing latency of the BS, which includes the latency of both uplink receiving and downlink transmission preparation. To avoid a big impact on existing BS implementations, e.g. ms-level switching time between downlink and uplink transmissions need to be considered.
· The time interval between two consecutive downlink transmissions is represented by TDL-DL, which depends on the downlink receiving latency of the Ambient IoT device. Similar to TDL-UL, the value of TDL-DL can refer to UHF RFID, which is at a 10~100 µs level varying with downlink signal bandwidths.
[bookmark: _Ref157762544]Table 1. Timing relationships of Ambient IoT
	Parameters
	Description
	Latency reference of UHF RFID (ISO 18000-6C)


	TDL-DL
	Time between two sequential DL transmissions per device
(PDSCH-to-PDSCH)
	125~150 us @ 160 kHz BW, etc.


	[bookmark: _Hlk157761058]TDL-UL
	Immediate reply time from device 
(PDSCH-to-PUSCH)
	238~262 us @ 160 kHz BW, etc.


	TUL-DL
	Immediate reply time from BS 
(PUSCH-to-PDSCH)
	75~500 us @ 160 kHz BW, etc.



[bookmark: _Ref157262315][bookmark: _Ref158227134]Observation 1: Considering the processing capability of the device/network, it is necessary to define the time intervals between each DL/UL transmission and the corresponding UL/DL transmission.
Proposal 13: The following timing relationships are defined for an Ambient IoT system:
·  TDL-UL: Between a downlink transmission and the corresponding uplink transmission immediately following it.
· TUL-DL: Between an uplink transmission and the corresponding downlink transmission immediately following it.
· TDL-DL: Between two consecutive downlink transmissions to the same device.
[bookmark: _Ref157776735][bookmark: _Hlk158901553]Proposal 14: For the values of time intervals related to the processing latency of the Ambient IoT device, such as TDL-UL and TDL-DL, the values from ISO 18000-6C UHF RFID are a reference for further study.
[bookmark: _Ref157776739]Proposal 15: For the value of time intervals related to the processing latency of the BS, such as TUL-DL, the impact on the existing BS implementation is included in the study.

Conclusions
Based on the analysis in this contribution, we have the following observations and proposals: 
Observation 1: Considering the processing capability of the device/network, it is necessary to define the time intervals between each DL/UL transmission and the corresponding UL/DL transmission.
Proposal 1: Considering the large SFO of up to 105 ppm for the extreme-low power Ambient IoT device, Ambient IoT is assumed to be an asynchronous system.
Proposal 2: For the timing acquisition of each downlink transmission in Ambient IoT, downlink preamble is supported to indicate the starting time and the chip length used for the following PDSCH transmission.
Proposal 3: For the chip-level timing tracking during each downlink transmission in Ambient IoT, the rising- or falling- edge in each codeword of line code is used to e.g. continuously refresh the timing reference point.
Proposal 4: For the timing acquisition and tracking of uplink transmissions in Ambient IoT, uplink preamble, midamble, and postamble are supported.
Proposal 5: Slot and frame are not used as time units for Ambient IoT.
Proposal 6: For downlink transmissions, the basic time unit is defined as chip length.
Proposal 7:  The start and end of Ambient IoT downlink transmission is not restricted to be aligned with the boundary of NR slot.
Proposal 8: For uplink transmission in Ambient IoT, the basic time unit is defined as chip length.
Proposal 9: For uplink transmission in Ambient IoT, multiple chip lengths corresponding to the multiple uplink signal bandwidths are supported.
Proposal 10: The study assumes no dedicated physical channel or signal for random access.
Proposal 11: For downlink scheduling information in Ambient IoT, a PDCCH-like channel is not included in the study. 
Proposal 12: For uplink scheduling information in Ambient IoT, a PDCCH-like channel is not included in the study.
Proposal 13: The following timing relationships are defined for an Ambient IoT system:
·  TDL-UL: Between a downlink transmission and the corresponding uplink transmission immediately following it.
· TUL-DL: Between an uplink transmission and the corresponding downlink transmission immediately following it.
· TDL-DL: Between two consecutive downlink transmissions to the same device.
Proposal 14: For the values of time intervals related to the processing latency of the Ambient IoT device, such as TDL-UL and TDL-DL, the values from ISO 18000-6C UHF RFID are a reference for further study.
Proposal 15: For the value of time intervals related to the processing latency of the BS, such as TUL-DL, the impact on the existing BS implementation is included in the study.
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Appendix A: Example design of random access procedure for Ambient IoT
Referring to ISO 18000-6C UHF RFID, an example design of random access procedure is shown in Figure 12, with each step described as follows. In the figure, a ‘RACH-slot’ actually denotes one RACH occasion in the dynamic framed slotted ALOHA scheme.
[image: ]
Figure 12. An example of RACH procedure for multiple devices.
· Step 1: Reader sends “Select” command to the tags for triggering inventory, which can indicate one or a group of tags to join in the procedure (e.g., by ID mask).
· Step 2: Reader sends “Query” command to the target tags to start an inventory round, which also start the first RACH-slot within this round. Some configurations for the inventory round are  carried in the “Query” command as well.
· Step 3: Each device generates a random number according to the random access window information in the configuration message carried by “Query” command. Device starts “RACH-slot” counting since receiving “Query” command. When the generated random number is counted down to zero, the device sends “RN16” message, which contains a random number of e.g. 16 bits for contention revolution, in the corresponding “RACH-slot” to the reader. 
· Step 4: Reader responds with the received e.g. 16-bit random number in the “Resp” message to the device, after successful reception of the “RN16” message.
· Step 5: The device successfully occupy the access opportunity after the correct reception of the “Resp” message. It then sends its ID in the “EPC” message to reader. 
· Step 6: Reader starts the next “RACH-slot” by broadcasting “QueryRep” command. 
· Step 7: Reader can start another inventory round by broadcasting “Query” command.
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