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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:
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 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, random access, 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 downlink 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 downlink and uplink 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 the last 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 random 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 preamble: R2D preamble 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.
· 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 indicate the end of the PDRCH, and provide a final timing correction to the BS.

Timing acquisition and tracking
In the last meeting [2], the following agreement was made:
	Agreement
At least the following time domain frame structure is studied for A-IoT R2D and D2R transmission.
· For R2D transmission,
· A R2D timing acquisition signal (e.g. R2D preamble) is included at least for timing acquisition and for indicating the start of the R2D transmission in time domain.
· [bookmark: _Hlk162605984]For D2R transmission,
· A D2R timing acquisition signal (e.g. D2R preamble) is included at least for timing acquisition and for indicating the start of the D2R transmission in time domain.
· FFS other necessary component(s), e.g. midamble, postamble, periodic sync signal, control fields, guard period



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 preamble, PRDCH and R2D postamble. For the timing acquisition and tracking mechanism for R2D, the related parts, R2D preamble and PRDCH, are discussed in the following sections.
R2D preamble
R2D preamble 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 preamble consists of two components, which are called the delimiter and clock reference.
[image: C:\Users\w00468695\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\3CF47C3C.tmp]
Figure 4. R2D preamble structure
· The start indicator 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 there termed 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 power consumption of the energy detector is lower than the information detector for the device. Thus, the low-voltage delimiter can enable the device to consume less power to detect the preamble.
· Following the start indicator, the clock reference is a square-wave, whose length is proportional to the chip length used for the following data transmission. The clock reference 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 reference. An example of the detailed R2D preamble is illustrated in Figure 6.
[image: C:\Users\w00468695\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\5B28E60A.tmp]
[bookmark: _Ref157775766]Figure 5. Illustration of detailed R2D preamble
[bookmark: _Ref163045793]Proposal 2: R2D preamble indicates the chip length used for the following PRDCH transmission (in addition to the agreed purposes of timing acquisition and indicating the start of the R2D).
R2D line coding 
After timing acquisition by the R2D 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 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: C:\Users\w00468695\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\4AA3619C.tmp]
[bookmark: _Ref157775822]Figure 6. Illustration of chip-level timing tracking
[bookmark: _Ref157776705][bookmark: _Ref163045796]Proposal 3: For each R2D transmission, chip-level time tracking is achieved by using the transition(s) in each codeword of the line code.

D2R
[bookmark: _Hlk162256470]For D2R transmission, each transmission includes three or four parts as follows: 
· 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
D2R preamble
In the last 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 precede the PDRCH for each D2R transmission.
Detailed design aspects of the D2R preamble are discussed in our accompanying contribution [7].
D2R postamble
A D2R postamble is also needed to deal with the large SFO up to 105 ppm experienced by each PDRCH. It is transmitted at the end of each PDRCH for SFO estimation at the Reader 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, as seen in Figure 8.
[image: ]
[bookmark: _Ref162945933]Figure 8. D2R SFO estimation
For better understanding, SFO estimation by the D2R preamble and 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 1080 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 (1080-1200) = -120. Consequently, the SFO can be further derived as -120 / 1200 = -105 ppm.
[bookmark: _Ref163045800]Proposal 4: D2R postamble is supported to indicate the ending time of the PDRCH and track the SFO.
D2R midamble
For D2R transmissions lasting for a longer time (e.g., 100 bits/100 bps = 1 s), the Reader 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 Reader, 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 D2R midamble can be inserted into the PDRCH for better link performance and more convenient basestation implementation. 
Apart from improved SFO tracking, the D2R midamble can also serve as a reference signal in order to achieve channel and interference estimation. For example, the interference of the carrier wave signal to the Ambient IoT uplink reception is not negligible, as discussed in [5]. Since the backscattered signal passes through a two-fold path loss and reflection loss at the Ambient IoT device, the received power of the carrier wave signal can be much higher than the backscattered signal. 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, a reference signal is required to achieve channel and interference estimation, and the midamble can be used for this purpose.
[bookmark: _Ref163045804][bookmark: _Ref158886487]Proposal 5: D2R midamble is supported to track the SFO and perform channel/interference estimation during longer PDRCH transmissions.

Frame structure
[bookmark: _Hlk131523050]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 Figure 9. The smallest time unit for resource allocation in a R2D transmission can be defined as an OOK chip, whose length is 1/M OFDM symbol length without CP, considering an OFDM-based waveform is used for R2D. The length of one OFDM symbol without CP is 1/SCS in NR and thus one OOK chip length is 1/ (SCS*M). As discussed in section 4.1.1, the OOK chip length is determined from the clock reference signal of the R2D preamble. 
The R2D transmission and the resources it uses are determined by the number of OOK chips. Consequently, it is suggested to use the chip length as the smallest time unit for resource allocation for Ambient IoT R2D.
[bookmark: _Ref163045843]Proposal 6: For R2D transmissions, the smallest time unit for resource allocation is defined as chip length.

[image: ]
[bookmark: _Ref162381429][bookmark: _Ref158137613][bookmark: _Ref162381401]Figure 9. 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: _Ref157776717][bookmark: _Ref158227168]Proposal 7:  The start and end of Ambient IoT R2D transmission is not restricted to be aligned with the boundary of NR slot. 
Since the R2D transmission waveform is OFDM-based waveform, then the start of a R2D transmission is aligned with the boundary of an NR OFDM symbol when the R2D transmission co-exists with NR transmissions for in-band and guard-band operations. In an OFDM symbol, a CP and M OOK chips are included which is shown as the following figure:
[image: ]
Figure 10. R2D transmission alignment with an OFDM symbol
[bookmark: _Ref163045852]Proposal 8:  The start of R2D transmission is aligned with the boundary of an NR symbol for in-band/guard-band operation.

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. 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 11. Consequently, it is suggested to use chip length as the smallest time unit for resource allocation for Ambient IoT D2R.
[bookmark: _Ref163045856]Proposal 9: For D2R transmission, the smallest time unit for resource allocation is defined as chip length.
[image: ]
[bookmark: _Ref158061018][bookmark: _Hlk161943164]Figure 11. 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.
Table 1. Examples of possible chip lengths
	Index
	Transmission bandwidth (double sideband)
	Chip length

	0
	15kHz
	133us

	1
	150kHz
	13.3us

	…
	…
	…

	N
	2.4MHz
	0.83125us



[bookmark: _Ref163045858][bookmark: _Ref158227176]Proposal 10: For D2R transmission in Ambient IoT, multiple chip lengths corresponding to the multiple D2R transmission bandwidths are supported.

It is well understood that a conventionally-synchronous system scheme cannot work for Ambient IoT devices. 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. There is in any case no need to do so, since the reader will listen for the D2R preamble from the device to indicate the start of a D2R transmission at any time.
[bookmark: _Ref163045861]Proposal 11: No time alignment is defined between D2R and NR/LTE frame structure.

System access procedures
In the RAN1#116 meeting [2], the following agreements have been reached on the contention-based access procedure.
	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.


From the perspective of target use cases for Ambient IoT, the contention-based access procedure is important for inventory, in which multiple devices to be triggered by one or more broadcasted higher layer message for the report of their e.g. identities. There can also be the use cases more suitable for contention-free access procedure. For example, in the target use case of command, one dedicated device can be triggered to execute certain operation, such as updating the object information stored in the device. In this case, contention-free access procedure can be optimized for higher efficiency by e.g. saving the specific handshaking messages for collision avoidance and/or resolution in the contention-based procedure. Consequently, it is recommended to also include contention-free procedure in Ambient IoT.
Proposal 12: For the case of a single device being triggered by the reader, an A-IoT contention-based access procedure initiated by the reader can be considered.
To avoid the unnecessary workload due to overlapped work between RAN1 and RAN2, it is helpful to identify the scope of the system access procedure in RAN1. In general, RAN1 is recommended to focus on the related physical channel/signal design, which includes the following three aspects.
· Considering the required simple and compact air interface design to achieve ultra-low device power consumption and complexity, the benefit of introducing any specific physical channel/signal other than PRDCH and PDRCH for the contention-based or contention-free access procedure needs to be justified.
· The optimization with considerable efficiency improvement can be studied for the physical channel/signal design, including the multiple access scheme (e.g., FDMA or CDMA) for the transmission during the access procedure.
· The necessary configurations or scheduling information of the physical channel/signal during the access procedure can be studied.
In principle, the definition of the state transitions (e.g., state-machine model for handshaking between reader and device) and the corresponding control fields in the messages during the access belong to RAN2’s scope.
[bookmark: _Ref163045865]Proposal 13: For Ambient IoT contention-based or contention-free access procedure, 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
Considering the on-demand traffic for the target use cases of inventory and command, the first message in the access procedure for Ambient IoT is expected to be the R2D 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 D2R synchronization by PRACH useless.
· As discussed in [6], 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 D2R. From the view of cross-correlation characteristics, the existing binary sequences are mostly sensitive to the large time and frequency offset between D2R transmissions from different devices.
[bookmark: _Ref157262393]From the above analysis, Ambient IoT is expected to have a distinct access procedure from conventional 3GPP technologies. 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 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 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 1:  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 14: 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 preamble, while the chip length is indicated by the clock reference 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 a preamble 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 15: For indicating R2D scheduling information in Ambient IoT, a PDCCH-like channel is not included in the study. 
[bookmark: _Ref163045884]Proposal 16: The TBS of a PRDCH transmission is known by the device from the start and end times of the PRDCH transmission, 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 17: 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 18: For indicating D2R scheduling information in Ambient IoT, a PDCCH-like channel is not studied.
[bookmark: _Ref163045895]Proposal 19: Each PRDCH contains the scheduling information for its following PDRCH, e.g. in a higher-layer message.
Timing relationships
In last 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 last 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 12, there are two steps during TR2D – an R2D transmission and D2R transmission. 
[image: ]
[bookmark: _Ref162952632]Figure 12. 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 processing, it sends the D2R preamble which informs the Reader that a 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, or the reader must remain in a ‘waiting’ state for a potentially very long time. 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. As shown in Figure 12, if the transmission delay is larger than the maximum time TR2D_max, the reader can assume the R2D transmission to device#3 as a failure. 




[bookmark: _Ref163045899]Proposal 20: 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.

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.
Proposal 21: 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: _Ref163045757]Observation 2: 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 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 21: 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 22: 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.

Conclusions
Based on the analysis in this contribution, we have the following observation and proposals:
Observation 1:  PDRCH is sufficient for the D2R transmission during the access procedure.
Observation 2: 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: R2D preamble indicates the chip length used for the following PRDCH transmission (in addition to the agreed purposes of timing acquisition and indicating the start of the R2D).
Proposal 3: For each R2D transmission, chip-level time tracking is achieved by using the transition(s) in each codeword of the line code.
Proposal 4: D2R postamble is supported to indicate the ending time of the PDRCH and track the SFO.
Proposal 5: D2R midamble is supported to track the SFO and perform channel/interference estimation during longer PDRCH transmissions.
Proposal 6: For R2D transmissions, the smallest time unit for resource allocation is defined as chip length.
Proposal 7:  The start and end of Ambient IoT R2D transmission is not restricted to be aligned with the boundary of NR slot. 
Proposal 8:  The start of R2D transmission is aligned with the boundary of an NR symbol for in-band/guard-band operation.
Proposal 9: For D2R transmission, the smallest time unit for resource allocation is defined as chip length.
Proposal 10: For D2R transmission in Ambient IoT, multiple chip lengths corresponding to the multiple D2R transmission bandwidths are supported.
Proposal 11: No time alignment is defined between D2R and NR/LTE frame structure.
Proposal 12: For the case of a single device being triggered by the reader, an A-IoT contention-based access procedure initiated by the reader can be considered.
Proposal 13: For Ambient IoT contention-based or contention-free access procedure, 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
Proposal 14: For D2R transmission during access procedures, TDMA and FDMA are supported, while OFDMA and CDMA are not supported.
Proposal 15: For indicating R2D scheduling information in Ambient IoT, a PDCCH-like channel is not included in the study. 
Proposal 16: The TBS of a PRDCH transmission is known by the device from the start and end times of the PRDCH transmission, i.e. R2D TBS is not signaled independently.
Proposal 17: To schedule a D2R transmission, the following information is needed: MCS, TBS, amount of time-domain resources, frequency domain resource allocation.
Proposal 18: For indicating D2R scheduling information in Ambient IoT, a PDCCH-like channel is not studied.
Proposal 19: Each PRDCH contains the scheduling information for its following PDRCH, e.g. in a higher-layer message.
Proposal 20: 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 21: Define TD2R_max, the maximum response time for the Reader to send a PRDCH corresponding to a PDRCH from the device.
Proposal 21: 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 22: 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.
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Appendix A: Example design of access procedure for Ambient IoT
Referring to ISO 18000-6C UHF RFID, an example design of access procedure is shown in Figure 13, 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: ]
[bookmark: _Ref162983556]Figure 13. 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 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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