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1   Introduction
[bookmark: OLE_LINK3][bookmark: OLE_LINK26]In RAN1#116bis meeting, frame structure, random access, scheduling and timing were discussed by RAN1 for Ambient IoT. And the relevant agreements can be given as below [1]:
	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.
Agreement
To determine or derive the end of PRDCH transmission, study at least following options:  
· Option 1: R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH.       
· Option 2: Based on R2D control information.
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
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
Agreement
RAN1 study the R2D transmission without midamble as the baseline if Manchester encoding is used.
· FFS the necessity for the R2D transmission with midamble if PIE is used. 

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.
For A-IoT contention-based access procedure, at least slotted-ALOHA based access is studied.
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 



In this contribution, we further discuss frame structure, random access and timing aspect for Ambient IoT.
2   Frame structure
2.1 Timing alignment
In last RAN1 meeting, whether to align A-IoT transmission with NR symbol or slot boundary was discussed, and the following agreement is captured
	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.


It is agreed that the start of R2D transmission from reader perspective is assumed to be aligned with the boundary of an NR OFDM symbol. This implies that the start of start-indicator part is aligned with the boundary of OFDM symbol. Beyond deliberations on the alignment of the start-indicator segment, further discussions may encompass the necessity of aligning the following elements with the OFDM symbol boundary:
· The start of clock-acquisition part;
· The start of R2D data transmission;
· The end of R2D transmission.
It should be noted that, the clock-acquisition part and the data transmission should start at the beginning of one chip. Given that the the start-indicator part immediately precedes the clock-acquisition part and the R2D timing acquisition signal directly precedes the transmission of a physical channel, there is no gap in R2D transmission. Therefore, there appears to be no necessity to mandate the alignment of start of clock-acquisition part and the start of R2D data with an OFDM symbol boundary. 
Furthermore, the alignment of the start of the clock-acquisition part and the start of R2D data transmission with the boundary of a OFDM symbol is contingent upon the design of the preamble and the handling of CP.
For R2D transmission, there is no need to align the start of clock-acquisition part and the start of R2D data with NR OFDM symbol.
As for the end of R2D transmission, if the end of R2D transmission needs to align with the OFDM boundary, one or more low voltages can be appended at the end of data transmission to match the OFDM symbol boundary. However, transmitting these low voltages is essentially equivalent to not transmitting any signal at all. In other words, the alignment with the OFDM boundary is transparent to the device, thus having no impact. 
However, if other benefits are identified for data transmission alignment, we are open to discussing it.
For R2D transmission, there is no need to align the end of R2D transmission with the boundary of NR OFDM symbol.
2.2 R2D frame structure components
· Postamble
During the previous RAN1 meeting, there was a discussion regarding the necessity of a postamble, but consensus was not reached. 
	Agreement
To determine or derive the end of PRDCH transmission, study at least following options:  
· Option 1: R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH.       
· Option 2: Based on R2D control information.



[bookmark: _Toc5150][bookmark: _Toc11259][bookmark: _Toc6266]Option 2 is using TBS indication within the R2D control information to specify the payload size. However, TBS indication is limited in its ability to represent a range of TBS values. The more TBS values can be indicated, the larger payload is required. In contrast, employing a postamble enables greater flexibility in accommodating various payload sizes. Therefore, Option 1 is the preferred choice. It should be noted that, the overhead of postamble should not be large compared with Option 2.
[bookmark: _Toc22024][bookmark: _Toc16405][bookmark: _Toc30720][bookmark: _Toc6964]To determine or derive the end of PRDCH transmission, study R2D postamble immediately following the PRDCH. 
· Note：The overhead of postamble should not be large compared with TBS indication.
One comment in the previous meetings is that for a small transport block containing only a few bits, having a lengthy postamble results in significant resource overhead. To reduce the resource overhead, whether to attach postamble after PRDCH transmission can be also determined by the payload size, which is similar with the discussion about the attachment of CRC that is influenced by the length of R2D data. Specifically, if CRC is attached for the R2D transmission, the postamble is appended at the end of the R2D transmission as well. Otherwise, the postamble is omitted.
[bookmark: _Toc9281][bookmark: _Toc1082][bookmark: _Toc7479][bookmark: _Toc14375]If CRC is attached for the R2D transmission, the postamble is appended at the end of the R2D transmission; otherwise, the postamble is omitted.
· Control field
As discussed in our contribution [2], control information can be transmitted in PRDCH. Control field can include scheduling information of uplink (e.g., uplink frequency offset, uplink encoding method), scheduling information of downlink, cast type (e.g., unicast, multicast, or broadcast information), or device type indication (e.g.,  device type 1, device type 2A, or device type 2B indication). D2R scheduling information can include uplink frequency offset, modulation information, and uplink encoding method. The uplink encoding method can indicates whether CC is used.
[bookmark: _GoBack]Control field should be included in R2D transmission containing at least the following aspects
· R2D scheduling information, e.g. code rate
· D2R scheduling information, e.g., uplink frequency offset, encoding method
· Cast type, e.g., unicast, multicast or broadcast 
· Device type, e.g., device type 1, device type 2A, or device type 2B
· Frame structure
To sum up, for R2D transmission, the following components should be considered: preamble, control field, postamble, data. And the following R2D frame structure is proposed.
[image: ]
Figure 1 R2D frame structure with separate control field
For R2D transmission, the following components should be considered: preamble, control field, postamble, data.
It should be noted that, the control field may not be a separate field, it may be included in preamble or data. It is obvious that, the coding method of control field should be pre-defined to enable the device to decode it correctly. Concurrently, since the control field encompasses the scheduling information for data that must be ascertained prior to data decoding,it should not be encoded together with data. 
Control field should be encoded separately. 
Even the control field is incorporated in preamble or data block, the control field should be encoded independently. Since D2R transmission is triggered by downlink command, uplink scheduling information can also be indicated in DL MAC layer. More details can be found in our accompanying contribution [2].
2.3 D2R components
· Midamble
For D2R transmission, the receiver is gNB/intermediate UE, which is equipped with higher data processing capabilities, making coherent receiving methods viable. However, the coherent receiving method is challenging to implement due to the influence of SFO. Since SFO induces variations in chip length, the total time offset accumulates with an increase in data chips. The use of a midamble can assist in mitigating the effects of SFO. Similar to a preamble, a midamble can be a predefined sequence. When an A-IoT reader detects the midamble, it can estimate the time accumulation offset caused by SFO. By combining it with the preamble, the A-IoT device can estimate the average time offset of one chip, aiding in data decoding. Moreover, upon detecting the midamble, the offset caused by SFO in the previous chips will no longer accumulate, thereby improving the reception performance of subsequent data. It should be noted that, if the SFO changes over time, the benefit of midamble will decrease.
Midamble can also be used for channel measurement. If the D2R transmission lasts for a long time, the channel may undergo changes. Channel estimation based solely on preamble may not be sufficient. Thus, utilizing the midamble for channel estimation can derive the channel state change and enhance data reception performance.
Midamble should be studied in D2R transmission.
· Postamble
Similar as R2D transmission, according to TR 38.848, the design target of maximum message size transmitted from A-IoT device is up to 1000 bit. The signal overhead of postamble can be smaller than the overhead of TBS indication. Moreover, if a postamble is utilized, when an A-IoT device is required to transmit data, such as sensor data to the reader, and the reader lacks knowledge of the packet size, the A-IoT device can forgo sending a Buffer Status Report (BSR) to the base station. This omission can consequently mitigate the scheduling latency that would otherwise be incurred by the transmission of a BSR. Thus, postamble can be used to indicate the end of data transmission. More discussion can be found in our contribution [2].
Postamble should be included in D2R transmission.
· Control field
In NR, UCI is carried in PUCCH which indicates DL HARQ-ACK feedback, SR or channel measurement results. According to SID, there is no HARQ, or ARQ in A-IoT system. Additionally, it is too complicated for A-IoT device to perform channel measurements. In addition, the D2R signaling is triggered by the R2D commands, SR seems unnecessary in A-IoT system. Thus, no D2R control information is needed. 
However, if the A-IoT system allows the A-IoT device to autonomously select part of scheduling parameters (such as encoding method), this information can be carried in D2R control information. The inclusion of the control information in uplink transmissions may be determined based on the capabilities of the device. For instance, the uplink signal transmitted from Device 2b incorporates control information, whereas the uplink transmissions from other devices may not encompass such control information.
[bookmark: _Toc14780]The necessity of D2R control information in D2R transmission should be clarified firstly.
· Frame structure
To sum up, the following components can be considered in D2R transmission: Preamble, midamble, data, postamble. And the figure below shows the D2R frame structure.
[image: ]
Figure 2 D2R frame structure
In some cases, readers may only require proximity determination without the need for additional data scheduling. Utilizing preamble as a reference signal for proximity determination can be considered.
[image: ]
Figure 3 Frame structure for proximity determination
For D2R transmission, the following frame structures can be considered:
· Frame structure includes preamble, data, postamble, and midamble, if needed.
· Frame structure includes only preamble.
3   Random access
3.1 Random access procedure
[bookmark: OLE_LINK15]In RFID technologies, 2-step or 4-step procedure is usually used for tag EPC/UID inventory. And in NR specifications, 2-step and 4-step procedures are supported for UE access. For Ambient IoT, inventory and access of devices are considered as a same physical layer process. Thus, 4-step and/or 2-step access procedure can be studied in Rel-19.
· 4-step access
In 4-step access procedure, the BS transmits an immediate or periodic access command. Then, the Ambient IoT device transmits an access response with respect to the access command. After decoding the response, the BS transmits an acknowledgment message. The device then reports its ID to the BS after confirm the acknowledgment message. The whole access process is shown in Figure 4.


Figure 4 4-step access procedure for Ambient IoT
Wherein,
· Step 1: The access command triggers the device to send an access response. For slot based anti-collision algorithm, access command could contain a slot range indicator or a slot decrement indicator. For access of single device, the number of slots is indicated as 1 by access command.
· [bookmark: OLE_LINK1]Step 2: Access response is random number of X bits and/or a part of device ID, FFS for X.
· Step 3: Acknowledge contains the access response decoded by BS/intermediate UE
· Step 4: Device ID is the electronic product code of Ambient IoT device.
For the case that multiple devices are intended to be identified, it was agreed that a contention-based access procedure initiated by the BS/intermediate UE is used. Thus, during the above access procedure, for the stage of Step 1→ Step 2, an anti-collision algorithm is needed to avoid response collision caused by multiple devices selecting the same resource. For the stage of Step 3→ Step 4, if the BS fails to receive the device ID (including Step 3 failure and Step 4 failure), the BS is able to re-transmit the acknowledge to request device ID report or transmit a decrement command to enter the next slot. If the BS successfully decodes the device ID, it can send the next command depending on the use case requirement (e.g., further access the device’s data storage, enter the next slot or other operations). The acknowledge regarding ID is not necessary for the device and it should not be contained in the access procedure.
· 2-step random access
[bookmark: OLE_LINK10][bookmark: OLE_LINK17][bookmark: OLE_LINK11]In 2-step access procedure, the BS transmits an immediate or periodic access command. Then, the Ambient IoT device reports its ID to the BS after receiving the access command. The access process is shown in Figure 5.


Figure 5 2-step access procedure for Ambient IoT
Wherein,
· Step 1: The access command triggers the device to send an access response. For slot based anti-collision algorithm, access command could contain a slot range indicator or a slot decrement indicator. For access of single device, the number of slots is indicated as 1 by access command.
· Step 2: Device ID is the electronic product code of Ambient IoT device.
During the above access procedure, an anti-collision algorithm should be applied to avoid reported ID information collision caused by multiple devices selecting the same resource. Furthermore, if the BS fails to receive the device ID, the BS can transmit a decrement command to enter the next slot. If the BS successfully decodes the device ID, it can send the next command depending on the use case requirement (e.g., further access the device’s data storage, enter the next slot or other operations). The acknowledge with respect to ID is not necessary for the device and it should not be contained in the access procedure.
[bookmark: OLE_LINK5]Regarding traffic type, DT and DO-DTT can share the same random access process. The difference is that DT uses immediate access command while DO-DTT employs periodic access command. Taking DO-DTT as an example, the BS can periodically transmit access command to initiate access process. And the waiting-to-access device can transmit an access response (4-step) or ID (2-step) upon receiving the access command. Moreover, on the step of device ID reporting, the device can transmit a separate ID or report data information along with the ID
[bookmark: OLE_LINK18]Comparing 4-step and 2-step access procedure, the difference is where the collision resolution accomplishes and applies to. For 2-step access, the device ID itself will have to go through the collision resolution part while for 4-step the collision resolution is accomplished at the second step targeting only the generated random number. The former is suitable for scenarios with high connection density and frequent conflicts. And the latter is suitable for inventorying a small number of devices, especially for the case of single device. Moreover, for the random access procedure of multiple devices, if the resource overhead of the device ID is relatively large, the efficiency of 4-step access is slightly higher than that of 2-step access. Otherwise, the efficiency of 2-step access is slightly higher than that of 4-step access. Hence 4-step and 2-step random access procedure should be studied for Ambient IoT.
4-step and 2-step random access procedure should be studied for Ambient IoT.
3.2 Access efficiency enhancement
In existing RFID technologies, the inventory process usually uses slot-ALOHA, BTree or Q-selection methodology to avoid the collision of response signals sent by multiple devices. Whereas, the efficiency of existing algorithms is limited for inventory of a large number of devices. 
For Ambient IoT, considering the large coverage range and also the potential expansion of the future IoT applications, large number of devices and high connection density are expected. Then, more devices that have access requirements will response to the access command from BS, which greatly increases the probability of multi-device collision. As a result, higher access efficiency will be an important requirement for Ambient IoT. In some use cases, the BS has to complete the inventory of amounts of devices in a limited time. For example, the moving truck stops briefly near the BS to wait for the inventory of the devices on board. Therefore, the following technologies can be considered to enhance access efficiency.
· Enhanced slot based anti-collision algorithm 
[bookmark: OLE_LINK19]In practice, the efficiency is highest for BTree or ALOHA algorithm when 2-4 devices are intended to be identified. For ALOHA or Q-slection algorithm, in a collision slot, the number of conflicting devices is usually small and there is a high probability that this number is less than or equal to 4. Hence, a combined algorithm of Q-selection and BTree can be considered to improve access efficiency. Specifically, Q-selection algorithm is performed for access of multiple devices. And for a collision slot of the Q-selection algorithm, BTree algorithm is used to complete the access process of conflicting devices in this slot and then the next slot of the Q-selection algorithm starts. 
· [bookmark: OLE_LINK2] Anti-collision algorithm based on orthogonal preambles 
According to the agreements in RAN1#116 meeting, a R2D timing acquisition signal (e.g. R2D preamble) is included at least for time domain frame structure. Thus, Q-selection algorithm based on orthogonal preambles can be studied. In this methodology, each device can randomly select a preamble from a set of orthogonal preambles and a slot value to transmit an access response signal. For a collision slot, the BS may detect single or multiple preambles. For each detected preamble in the collision slot, the BS respectively uses BTree algorithm to complete the access process of corresponding device(s) in this slot and then the next slot starts. 
· [bookmark: OLE_LINK16]Anti-collision algorithm orthogonal/non-orthogonal extended UL data
[bookmark: OLE_LINK7]The orthogonal or non-orthogonal sequences are used for different devices to achieve parallel UL data transmission. Under the Ambient IoT coverage requirements, lower data rate (e.g., low coding rate and repetition etc.) may be configured to enhance coverage performance, which causes a decrease in access efficiency. In this case, orthogonal/non-orthogonal UL data will greatly improve the access efficiency compared with direct repeated transmission. Taking the extension sequence length of 4 as an example, the extended data is equivalent to four repeated transmissions. Although the transmission time or bandwidth of signal is increased to four times, N>=4 extension sequences can support the parallel transmission of a maximum of N signals. This means that access efficiency will be significantly improved. 
Figure 6 shows a comparison of the access efficiency among different anti-collision algorithms, where access efficiency represents that the number of devices that can be accessed per second. The simulation methodology refers to the latency evaluation of inventory for multiple devices in companion contribution [3] and simulation assumptions are given in Table 1. 
Table 1 Simulation assumptions for multiple-device access
	Parameters
	Values

	Random access procedure
	4-step access 

	Number of Ambient IoT devices
	100, 500, 1000, 3750

	Initial number of slots for ALOHA
	1024

	Message size 
(Number of bits)
	Query command
	8

	
	Decrement command
	4

	
	RN16
	16

	
	Acknowledge of RN16
	16

	
	Device ID
	96

	[bookmark: OLE_LINK30]CRC length (Number of bits)
	16 for device ID report

	Transmission time per bit 
	25 us

	Preamble length
	8×25 us for R2D and D2R

	Interval between R2D and D2R signals
	10×25 us 

	Interval between D2R and R2D signals
	5×25 us

	Length and number of extended codes
	L = 4; N=4




Figure 6 Access efficiency for different anti-collision algorithms
[bookmark: OLE_LINK20]From the figure, it can be observed that the combined Q-selection and BTree algorithm can improve access efficiency by more than 10% compared to traditional Q-selection algorithm. And the access efficiency of Q-selection based on CDM data exceeds 2 times that of Q-selection. 
Due to the large coverage range, high connection density and limited access latency, the following approaches can be considered to enhance access efficiency for Ambient IoT.
· Enhanced slot based anti-collision algorithm, e.g. Q-selection + BTree 
· Anti-collision algorithm based on orthogonal preambles
· Anti-collision algorithm orthogonal/non-orthogonal extended UL data
4   [bookmark: OLE_LINK6]Timing aspect
Minimum time interval
When the Ambient IoT device receives transmit a R2D signal and transmits a corresponding D2R signal, a time interval is allowed between the R2D signal and the D2R signal. Considering device Rx signal processing time and Tx signal preparation time, the minimum of this interval should be greater than or equal to the sum of R2D signal processing time and D2R signal preparation time. 
The minimum time TR2D_min between a R2D transmission and the corresponding D2R transmission should be larger than or equal to the sum of R2D signal processing time and D2R signal preparation time of Ambient IoT device.
If the BS receives a D2R signal and transmits a corresponding R2D signal, a time interval is allowed between the D2R signal and the R2D signal. The minimum of this interval should be greater than or equal to the preparation time of the Ambient IoT device. The maximum of this interval can be based on BS implementation and does not need to be specified.


Figure 7 Time between a D2R transmission and the corresponding R2D transmission
The minimum time TD2R_min between a D2R transmission and the corresponding R2D transmission should be larger than or equal to the preparation time of the Ambient IoT device.
Due to limited peak power consumption, an Ambient IoT device may not receive or detect another R2D signal while processing one R2D signal. Thus, if the BS transmits two consecutive R2D signals to the same Ambient IoT device(s), a time interval between these two R2D signals is reserved. This interval should not be less than the first R2D signal processing time of the device(s). And the maximum of the interval can be based on BS implementation and does not need to be specified.


Figure 8 Time between consecutive R2D signals to the same Ambient IoT device(s)
The minimum time TR2D_R2D_min between two consecutive R2D transmissions to the same Ambient IoT device(s) should be larger than or equal to the first R2D signal processing time of the device(s).
For two different consecutive D2R transmissions from the same A-IoT device, the application scenario seems unclear. If a large message packet is divided into multiple small packets that are separately transmitted, the different small packets can share a common preamble and be transmitted within a frame structure. There is no need to split it into two separate D2R signals. Hence, for two different consecutive D2R transmissions from the same A-IoT device, the timing relationship between these two transmissions should be further considered after clarifying the application scenarios.
Time between two different consecutive D2R transmissions from the same A-IoT device should be further considered after clarifying the application scenarios.
Maximum time interval
For time between a R2D transmission and the corresponding D2R transmission, this interval needs to be defined with an upper limit to prevent the device from transmitting the signal at any time longer than the minimum interval. If the transmission time of the D2R signal is not restricted, this D2R signal may conflict with other D2R signals in time domain, which is not conducive to the scheduling of D2R signal. Therefore, the maximum of the interval between the R2D signal and the corresponding D2R signal should be defined. And the following approaches can be considered:
· Option 1: Define default maximum time between a R2D transmission and the corresponding D2R transmission
· Option 2: Indicate the transmission time of the D2R transmission in response to a R2D transmission.
Compared to Option 1, Option 2 can achieve more flexible scheduling, which is beneficial for time domain resource allocation and improving transmission efficiency. It is suitable for scenarios with large device capability and high connection density. However, Option 2 is more complex than Option 1 and requires Ambient IoT devices to store relevant configuration table for the interval indicator. This is a burden for low-capability devices, especially Device 1. Also, the transmission of interval indicator needs additional resource overhead. The down-selection of the two methods can be further studied.


                
Option 1                                                                                          Option 2
Figure 9 Time between a R2D transmission and the corresponding D2R transmission
The maximum time between a R2D transmission and the corresponding D2R transmission should be restricted based on the following approaches:
· Option 1: Define default maximum time between a R2D transmission and the corresponding D2R transmission
· Option 2: Indicate the transmission time of the D2R transmission in response to a R2D transmission.
Value of time interval
[bookmark: OLE_LINK8][bookmark: OLE_LINK4]The signal processing time of the Ambient IoT device may be different between different TBSs. For a DL command, it is feasible to determine the TBS of the R2D command and the TBS of the corresponding D2R response (if any) based on the command type. Therefore, it may be a feasible approach to obtain the time intervals mentioned above according to DL command type. On the other hand, the signal processing time is different among device types due to different complexity and signal processing methods. Device 2b can generate independent UL signal internally, use ZIF receiver to detect signal and has more radio frequency modules, so it may require larger signal processing time than Device 1/2a. Thus, it can be considered that at least two types of devices among device 1, 2a and 2b have different time intervals mentioned above.
It can be considered to determine device processing time based on TBS and/or device type.
Since the Rx/Tx signal processing time is related to the specific service process, transmission block size, device type and potential other factors, the values of the time intervals mentioned above should be considered after the relevant service process and physical layer design completes.
5   Conclusion
In this contribution, we discuss the frame structure, random access and timing aspects for Ambient IoT. And the relevant proposals are given as following:
1. For R2D transmission, there is no need to align the start of clock-acquisition part and the start of R2D data with NR OFDM symbol.
1. For R2D transmission, there is no need to align the end of R2D transmission with the boundary of NR OFDM symbol.
1. To determine or derive the end of PRDCH transmission, study R2D postamble immediately following the PRDCH. 
· Note：The overhead of postamble should not be large compared with TBS indication.
1. If CRC is attached for the R2D transmission, the postamble is appended at the end of the R2D transmission; otherwise, the postamble is omitted.
1. Control field should be included in R2D transmission containing at least the following aspects
· R2D scheduling information, e.g. code rate
· D2R scheduling information, e.g., uplink frequency offset, encoding method
· Cast type, e.g., unicast, multicast or broadcast 
· Device type, e.g., device type 1, device type 2A, or device type 2B
1. For R2D transmission, the following components should be considered: preamble, control field, postamble, data.
1. Control field should be encoded separately. 
1. Midamble should be studied in D2R transmission.
1. Postamble should be included in D2R transmission.
1. The necessity of D2R control information in D2R transmission should be clarified firstly.
1. For D2R transmission, the following frame structures can be considered:
· Frame structure includes preamble, data, postamble, and midamble, if needed.
· Frame structure includes only preamble.
1. 4-step and 2-step random access procedure should be studied for Ambient IoT.
1. Due to the large coverage range, high connection density and limited access latency, the following approaches can be considered to enhance access efficiency for Ambient IoT.
· Enhanced slot based anti-collision algorithm, e.g. Q-selection + BTree 
· Anti-collision algorithm based on orthogonal preambles
· Anti-collision algorithm orthogonal/non-orthogonal extended UL data
1. The minimum time TR2D_min between a R2D transmission and the corresponding D2R transmission should be larger than or equal to the sum of R2D signal processing time and D2R signal preparation time of Ambient IoT device.
1. The minimum time TD2R_min between a D2R transmission and the corresponding R2D transmission should be larger than or equal to the preparation time of the Ambient IoT device.
1. The minimum time TR2D_R2D_min between two consecutive R2D transmissions to the same Ambient IoT device(s) should be larger than or equal to the first R2D signal processing time of the device(s).
1. Time between two different consecutive D2R transmissions from the same A-IoT device should be further considered after clarifying the application scenarios.
1. The maximum time between a R2D transmission and the corresponding D2R transmission should be restricted based on the following approaches:
· Option 1: Define default maximum time between a R2D transmission and the corresponding D2R transmission
· Option 2: Indicate the transmission time of the D2R transmission in response to a R2D transmission.
1. It can be considered to determine device processing time based on TBS and/or device type.
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ALOHA	
100	500	1000	3750	65	140	148	144	BTree	
100	500	1000	3750	143	142	142	142	Q-selection	
100	500	1000	3750	143	143	143	143	Q+BTree	
100	500	1000	3750	158	159	159	159	Q+CDM data L=4,N=4	
100	500	1000	3750	275	304	308	311	Given number of devices
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