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Introduction
In RAN#103 meeting, a revised SID on solutions for Ambient IoT (Internet of Things) in NR has been approved [1], in which a new IoT technology whose complexity and power consumption orders of magnitude lower than the existing 3GPP LPWA technologies (e.g. NB-IoT and eMTC), and addressing use cases and scenarios that cannot otherwise be fulfilled based on existing 3GPP LPWA IoT technologies, is recommended for study.
The following RAN1-led objectives have been identified within the General Scope described in the SID:
	For the Ambient IoT DL and UL:
· Frame structure, synchronization and timing, random access
· Numerologies, bandwidths, and multiple access
· Waveforms and modulations
· Channel coding
· Downlink channel/signal aspects
· Uplink channel/signal aspects
· Scheduling and timing relationships
· Study necessary characteristics of carrier-wave waveform for a carrier wave provided externally to the Ambient IoT device, including for interference handling at Ambient IoT UL receiver, and at NR basestation. 
       For Topology 2, no difference in physical layer design from Topology 1.


In the previous RAN1 meeting, some progress has been made on the design aspects of downlink and uplink channels/signals. In this contribution, we will continually provide our views on related issues.
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2.1 Physical channel and signal
2.1.1 Background
NR design
In NR, to finish initial access, SS/PBCH block (SSB) composed of PSS, SSS and PBCH, and PRACH are defined in downlink and uplink. SSB is transmitted periodically in NR, from which a UE can detect a best SSB within a SS Burst to obtain rough downlink time/frequency synchronization, downlink frame and symbol boundaries, system information, etc., and the associated PRACH resources to establish uplink synchronization.
PDCCH carrying DCI is specified in NR. The main purpose of DCI is to schedule physical resources of downlink/uplink data carried in PDSCH/PUSCH. As DCI, UCI is also defined in NR. A big difference is that DCI can only be carried in PDCCH, while UCI can be carried in PUCCH or PUSCH. Depending on the situation, the contents of UCI include one or more of HARQ-ACK information, SR and CSI.
In addition, many types of reference signals are defined in NR for different purposes:
· PDCCH/PDSCH/PBCH DM-RS: For demodulation of PDCCH/PDSCH/PBCH.
· CSI-RS: For CSI acquisition, beam management.
· TRS: For fine time/frequency tracking.
· PT-RS: For phase tracking of PDSCH.
· PUCCH/PUSCH DM-RS: For demodulation of PUCCH/PUSCH.
· SRS: For uplink channel sounding.

RFID design
The design of radio-frequency identification (RFID), on the other hand, is quite different from NR system, because devices in RFID is extremely low complexity and low cost when compared to a UE in NR. RFID is a method using electromagnetic waves to identify and track tags attached to objects or people effortlessly without physical contact. In a RFID system, the two key components are reader (interrogator) and tag. A reader can transmit commands or signalling (e.g., Select, Query) to tags (R => T link, can also be treated as RFID downlink), and a tag which stores digital encoded data can send the encoded information back to the reader (T => R link, can also be treated as RFID uplink).
In RFID, a reader manages tags using three basic operations [2]:
· Select: Select a group of tags. A reader uses Select command to select or uses Challenge command to challenge one or more tags. The reader can then inventory and access the selected tags subsequently.
· Inventory: Identify individual tags. A reader initiates an inventory round by sending a Query command. Upon receiving a Query command, one or more tags with matching session shall respond. The reader detects the response from a single tag and requests the tag’s EPC. Inventory includes multiple commands, such as QueryRep to indicate tags to decrement their slot counters, and ACK to acknowledge a single tag.
· Access: Communicate with an identified tag. A reader can implement specific operations to an identified tag, for example read, write, or kill the tag. 
In RFID, all these commands and signalling are carried in data channel (i.e., PDSCH/PUSCH in NR). Unlike NR, RFID has no periodic synchronization signal. In R=>T link, the frame synchronization is by the preamble preceding Query command or frame-sync preceding other commands. In T=>R link, depends on the data encoding scheme, FM0 or Miller preamble is specified. In addition, end-of-signalling is always used for the termination of transmissions.

2.1.2 R2D channel and signal
2.1.2.1 R2D signal
Delimiter and preamble
In the last RAN1 meeting, whether to consider delimiter for R2D transmissions was briefly discussed. The latest intermediate FL proposal is recapped as follows:
	Proposal 2.1.1-3
For ambient IoT devices, if preamble-based downlink synchronization is considered, then one of the following options is considered for delimiter for downlink transmission
· Alt. 1: Delimiter is not needed, and preamble can serve the purpose of delimiter, i.e. to signal the start of downlink reception
· Alt. 2: Delimiter is considered and embedded within the preamble
· Alt. 3: Delimiter is considered and added separately before the preamble


Based on the discussion, some companies believed that the preamble can serve the purpose of delimiter and therefore no need to introduce delimiter for R2D transmissions. On the other hand, others think that delimiter is still required, it can be either considered as part of the preamble or defined as a separate R2D signal. 
In our views, R2D synchronization should at least provide two functionalities, one is that the starting of R2D transmission, and the other is the clock calibration information for R2D decoding. From this perspective, we think that delimiter is required to inform the start of R2D transmission. Whether delimiter is considered as part of the preamble can be further discussed and either way works. The delimiter allows the device to determine the start of R2D transmission in a very easy and power efficient way. As shown in the following figure, before the R2D transmission comes, the reader or an RF EH source should send continuous high voltage signals for device charging. By adding a delimiter with a duration of low voltage, the device can determine the R2D transmission is coming by a simple energy detection. However, without such delimiter, it is more difficult for a device to determine the start of R2D transmission, and the error probability may significantly increase.


Figure 1: Illustration of the functionality of delimiter
Observation 1: The delimiter and the preamble serve different functionalities. The main functionality of the delimiter is to inform a R2D transmission is coming, but the main functionality of the preamble is for clock calibration.
Observation 2: By using a delimiter with a duration of low voltage, a device can simply, and power efficiently determine that a R2D transmission is starting by energy detection.
Proposal 1: For R2D transmissions in Ambient IoT, delimiter should be included separately from or as a part of R2D preamble.
· Delimiter can be a fixed duration of low voltage.
In addition, regarding the preamble for R2D synchronization, it has been agreed for study in RAN1#116 meeting under AI 9.4.2.2. We think that preamble preceding PRDCH is required, and it can be designed at least for device clock calibration. Depending on the R2D line code, the design details can be different. For example, if Manchester encoding is considered, the preamble can be defined to calibrate the length of Manchester code “0” or “1”. On the other hand, if PIE encoding is considered, the preamble can be defined to calibrate the length of PIE data-0 or data-1. Furthermore, using preamble to indicate additional scheduling information such as data rate of D2R transmissions can also be studied.
Proposal 2: For R2D transmissions in Ambient IoT, preamble preceding PRDCH should be considered.
· The preamble design should at least be studied for clock calibration (e.g., calibrate OOK chip duration and PRDCH starting time).
· The preamble design can also be studied to indicate scheduling information (e.g., D2R data rate).
Midamble
In the last RAN1 meeting, there were discussions on whether midamble should be studied for R2D transmissions. In our views, for R2D reception, devices are not possible to perform complicated decoding, and a more reliable operation is to find the ascending or descending edge of line codes for decoding. Since that line codes, e.g., Manchester and PIE, are self-clocking encoding schemes, it is not necessary to additionally insert midamble between R2D transmissions for timing acquisition.
Proposal 3: For R2D transmission in Ambient IoT, if line code is considered in the study, midamble is not needed.
Postamble
In RFID, the data transmission is followed by an end-of signalling to indicate the transmission termination. Without resource allocation, it is a simple and feasible solution to support flexible information payload or transport block size. 
In Ambient IoT, various of commands or signalling with bit length from a few bits to hundreds of bits should be supported. In this sense, the end-of-signalling mechanism in RFID can be studied as a starting point. The R2D data transmissions terminated with postamble should be considered as a baseline. A simple design of postamble can be a fixed duration of high voltage. In addition, we should notice that some R=>T commands or signalling in the inventory procedure have fixed length with only a few bits. For example, the QueryRep command in inventory operation is only 4 bits. For this kind of small transport block size, the presence of long postamble will generate large resource overhead. Therefore, we think that solutions to discard postamble under certain circumstances (e.g., for small payload size) can also be further studied.
Proposal 4: For R2D transmissions in Ambient IoT, postamble at the end of PRDCH to indicate transmission termination can be considered as a baseline.
· Postamble can be a fixed duration of high voltage.
Observation 3: For small transport block size with only a few bits, the presence of long postamble generates large resource overhead.
Proposal 5: For R2D transmissions in Ambient IoT, discard postamble under certain conditions (e.g., when the R2D transport block size is small) can also be studied.

2.1.2.2 R2D channel
In the previous RAN1 meeting, the following agreements have been achieved on R2D channel where at least PRDCH is studied for R2D data transmissions, and no dedicated physical broadcast channel is considered.
	Agreement
For ambient IoT devices, a dedicated physical broadcast channel for R2D, e.g. PBCH-like, is not considered for study.
Agreement
For ambient IoT devices, at least for R2D data transmission, a physical channel (PRDCH) is studied,
· System information (if defined) is transmitted on the PRDCH
· FFS Whether/how control information is transmitted on the PRDCH
· Note: the naming of PRDCH is used for the sake of the study


Based on the agreements, there is a remaining open issue on whether and how control information is transmitted on PRDCH. 
In our views, we should first clarify what is the control information for R2D data transmission, and then to discuss it is carried in which kind of physical channel. In general, the control information for R2D transmission, if any, can be divided into higher layer control information and L1 control information.
Higher layer control information
In RFID specification, there is no clear differentiation between PHY layer and MAC layer, which is quite different from the NR specification framework. In Ambient IoT, following NR design logics, we think that the contents of R2D transmissions, for example, signaling such as Select, Query, and QueryRep in inventory, can be treated as MAC layer control information (e.g., MAC-CE). 
The higher layer control information should be carried in PRDCH, which indicates that no need to consider different reliability for different R2D commands and signaling. If some dedicated physical control channel is defined, to ensure the reliability of the physical control channel, the data rate should be low enough and CRC length should be long enough. The potential overhead could be quite large. It is inefficient to transmit R2D commands that has only a few bits (e.g., QueryRep) in physical control channel.
Observation 4: To ensure the reliability of the physical control channel, the potential resource overhead could be quite large, which is not efficient for R2D commands or signalling that has only a few bits.
Proposal 6: For R2D data transmissions, higher layer control information, if defined, is transmitted in PRDCH.
L1 control information
In NR, tens of DCI formats have been specified for different critical functionalities. Taking DCI formats 0_0/1_0 as examples, the essential information conveyed by DCI for scheduling uplink/downlink data transmissions include:
· Resource allocation: Time and frequency domain resource assignment for dynamic uplink or downlink transmission.
· Modulation and coding scheme: Indication of modulation order and target code rate for uplink or downlink transmission.
· (Re-)transmission related information: Indication of HARQ (re-)transmissions, the redundancy version for soft combining.
In Ambient IoT, however, the considerations of required L1 control information would be quite different:
1) On resource allocation
We should keep in mind that the Ambient IoT device capability is extremely low, at least for device 1. The initial SFO is relaxed to 104~105 ppm, and it is difficult to maintain synchronization, and therefore, Ambient IoT system is more likely an asynchronous system. In this sense, it is not easy to grant R2D or D2R resources to an Ambient IoT device. An Ambient IoT D2R transmission followed by a R2D transmission should be considered as a baseline. 
Observation 5: Due to limited Ambient IoT device capability, especially for device 1, it is difficult to allocate R2D or D2R resources to an Ambient IoT device. 
2) On MCS, code rate, TBS
In Ambient IoT, whether/how MCS and TBS are indicated or determined should be studied as well. One potential solution is that all required information regarding MCS can either be fixed or conveyed by R2D commands. In addition, for the TBS, it is derived based on the presence of end-of-signalling. Alternatively, the idea in NR to introduce L1 control information (e.g., MCS and TBS) to provide more flexibility for data transmission can be studied. More details are provided in Section 2.2. In this case, as the L1 control information to dynamically indicate MCS, data rate or TBS is much less complicated and occupies only a few bits, it can be considered as a PHY header or flag attached to the data channel, and not necessarily carried in the physical control channel.
Observation 6: It is possible to introduce some control information to indicate MCS, data rate, or TBS in Ambient IoT, but the control information is not necessarily carried in physical control channel.
3) On retransmission and HARQ
As clarified by the SID, HARQ and ARQ is not within the scope of the study item, which implies that no retransmission is considered in Ambient IoT. Furthermore, the Ambient IoT device may not have buffer to store erroneous transmissions for further soft combining. 
Observation 7: Retransmission in Ambient IoT should not be considered, since HARQ and ARQ is not within the scope of the study item, and Ambient IoT devices may not have buffer for retransmissions.
Proposal 7: For R2D data transmissions, L1 control information, if defined, is transmitted in PRDCH as a PHY header.
Proposal 8: A dedicated physical control channel for R2D transmission is not considered for study. 

2.1.3 D2R channel and signal
2.1.3.1 D2R signal
Preamble/midamble/postamble
In RAN1#116 meeting, for D2R transmission, preamble at least for timing acquisition and for indicating the start of the D2R transmission in time domain has been agreed for study under AI 9.4.2.2. Similar as R2D transmissions, we think that preamble preceding PDRCH should be considered.
Proposal 9: For D2R transmissions in Ambient IoT, preamble preceding PDRCH should be considered.
Regarding midamble for D2R transmissions, we think that it can be optionally considered in the middle of D2R transmissions for performance optimization. There are some major differences between R2D and D2R transmissions when considering the signal design. One is that the D2R data transmissions are received and processed by the reader (i.e., gNB for Topology 1 and by UE for Topology 2). More complicated operation can be easily implemented. Another is that, when compared to the R2D packet, the D2R packet size could be larger. For example, the EPC ID of a device can be up to 128 bits. Taking these into consideration, at least the following two options can be further discussed for the D2R transmission, and midamble is required in both options for D2R synchronization maintenance.
· Option 1: D2R data applies line code. As mentioned above, it should be noted that due to the poor SFO performance at Ambient IoT devices, the D2R timing would be quite unstable. In case of such kind of large packet, even if line code is used for acquiring clock information, only consider preamble at the beginning of the D2R transmission may not be sufficient for the receiver side to get accurate carrier frequency information. In order to maintain the D2R synchronization so that the receiver can proceed advanced operation, midamble can be optionally introduced in the middle of the uplink transmission. 
· Option 2: D2R data applies FEC without line coding. When compared to Option 1, Option 2 is more efficient in data transmissions, which is beneficial considering that D2R packet is much larger than that of R2D packet. In such cases, as continuous “0” or “1” is appeared, a denser midamble pattern in the middle of D2R transmissions than that in Option 1 are required for tracking and maintaining timing.
Observation 8: For D2R transmissions, more complicated operations can be processed at gNB or UE side, where more precise carrier frequency information is required.
Observation 9: The D2R packet size can be as large as hundreds of bits and much larger than that of R2D packet size. 
Observation 10: In case of large packet, due to the poor SFO performance at Ambient IoT devices, it may not be sufficient to maintain precise D2R synchronization by merely considering preamble at the beginning of PDRCH even if line coding is applied. 
Observation 11: In case of large packet, applying FEC without line coding in D2R transmissions is beneficial to improve data transmission efficiency, where midamble is required to track and maintain D2R synchronization.
Proposal 10: For D2R transmissions in Ambient IoT, midamble can be optionally considered in the middle of the D2R transmission for synchronization maintenance.
Furthermore, regarding postamble for D2R transmissions, similar mechanism as R2D transmissions can be considered.
Proposal 11: For D2R transmissions in Ambient IoT, 
· Postamble at the end of PDRCH to indicate transmission termination can be considered as a baseline.
· Discard postamble under certain conditions (e.g., when the D2R transport block size is small) can also be studied.
Preamble/midamble/postamble design
In the following, we discuss some preliminary design considerations for D2R preamble, midamble and postamble.
First, as mentioned above, binary sequence-based design for D2R synchronization should be considered to allow reader side to get more precise timing information for advanced processing. In addition, at least the following criteria for performance optimization can be considered for design details [3][4]: 
· Low peak sidelobe level (PSL): PSL is one of the most commonly used merit figures of autocorrelation function (ACF), which is the maximum magnitude of the out-of-phase ACF.
· High merit factor (MF): MF is another important measure of ACF, which specifies the ratio of the energy of ACF mainlobe to the energy of the ACF sidelobes.
Furthermore, considering D2R transmissions using TDM(A) or FDM(A) multiple access to further improve the transmissions efficiency, the sequence design using sequence paris or sequence sets with large zero cross correlation zone (ZCCZ) can also be studied [5][6]
Proposal 12: For D2R transmissions, binary sequence-based preamble/midamble/postamble design can be studied considering at least the following criteria:
· Low peak sidelobe level (PSL);
· High merit factor (MF);
· Sequence paris or sequence sets with large zero cross correlation zone (ZCCZ).
Other reference signals
As discussed in Section 2.1.1, NR defines many types of reference signals for different purposes in both downlink and uplink. For Ambient IoT, we don’t think it is feasible to perform complicated signal processing for R2D, but for D2R, as advanced reception can be performed at reader side, some pilot signals for channel estimation/equalization can be further studied to improve the OOK/PSK detection performance. As mentioned above, we propose to consider binary sequence-based midamble in the middle of D2R data transmissions, and we think that the midamble can be used as the D2R pilot signal for channel estimation/equalization.
Proposal 13: For D2R transmissions, further study pilot signal (e.g., using midamble as pilot signal) for channel estimation/equalization.

2.1.3.2 D2R channel
In RAN1#116 meeting, the following agreement has been made on D2R channel.
	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
· FFS Whether/how/what D2R control information (if defined) is transmitted on the PDRCH
· Note: the naming of PDRCH is used for the sake of the study


PRACH
From the agreement, response transmitted from device to reader during contention-based access procedure is transmitted on PDRCH, but there remains an FFS point on details of response. Based on the discussion during the previous RAN1 meeting, some companies argued that a dedicated physical random access channels should be introduced for contention-based access procedure to carry response for contention resolution. 
In our views, we think that the response for contention resolution should be transmitted on PDRCH, and there is no clear benefit to define a dedicated physical channel for this. In NR, PRACH is introduced for random access procedure to transmit preamble (i.e., Msg 1). The two main functionalities of PRACH are, first, to acquire timing advance (TA) for UL synchronization, and second, to allow multiple access (i.e., using different orthogonal preambles) of different UEs such that a part of contention can be resolved and the random access efficiency can also be improved. However, the intention to define a dedicated physical channel for contention-based access procedure in Ambient IoT is not valid. First, as mentioned above, it is difficult for an Ambient IoT device to maintain timing synchronization due to poor SFO performance, and therefore applying TA is meaningless. Furthermore, the poor SFO performance will deteriorate the feasibility of CDMA. Even if it is feasible to use orthogonal binary sequences for multiplexing different devices in contention-based access procedure, the multiplexing capacity could be quite limited (e.g., up to several bits) when compared to RN16 in RFID, the system performance may not be significantly improved. We share same views that further optimization can be studied to improve the efficiency of contention-based access in Ambient IoT, but instead of using CDMA, we believe that TDMA and FDMA should be considered as a starting point. Based on the above analysis, we think that no need to consider dedicated physical channel to transmit responses for contention resolution in the study.
Observation 12: Applying TA is meaningless for an Ambient IoT device since it is difficult to maintain timing synchronization due to poor SFO performance.
Observation 13: The feasibility of CDMA is deteriorated by poor SFO performance. The multiplexing capability of CDMA is quite limited.
Observation 14: When studying optimization to improve the efficiency of contention-based access, TDMA and FDMA are more feasible and reliable than CDMA.
Proposal 14: For D2R transmission, response for contention resolution during contention-based access procedure is transmitted on PDRCH. 
· A dedicated physical channel to transmit response for contention resolution is not considered for study.
Physical control channel
Based on the above agreement, there is another remaining issue on whether/how/what D2R control information (if defined) is transmitted on the PDRCH. 
This issue is similar as that for R2D transmissions. First, for D2R data transmission, the responses from devices to reader, e.g., EPC ID, success or failure responses, can be treated as MAC layer control information (e.g., MAC-CE) and should be transmitted in PDRCH. 
Proposal 15: For D2R data transmissions, higher layer control information, if defined, is transmitted in PDRCH.
In addition, we further discuss what L1 control information is needed for D2R data transmissions and on which physical channel the L1 control information is transmitted. We first consider the L1 control information (i.e., UCI) defined in NR:
· HARQ-ACK feedback: ACK or NACK feedback for a downlink reception.
· Scheduling request: Request of UL transmission resources.
· CSI: Report of CSI measurements such as PMI, CQI, RI or CRI, CSI-RSRP/SINR, etc.
1) On HARQ-ACK feedback
It should be noted that although HARQ/ARQ and retransmissions are not within the scope, we think that ACK or NACK responses to data transmissions should still be considered in the study, which also exist in RFID. The main difference is that the ACK/NACK responses in RFID are certain commands or bit string conveyed in data channel, while the ACK/NACK feedback in NR is 1 bit. In our views, to avoid frequent transmission failure, instead of using 1 bit ACK or NACK indication as in the NR, using a bit string to indicate ACK/NACK as in RFID is more appropriate. Therefore, ACK/NACK responses can be transmitted on PDRCH.
Observation 15: Although HARQ/ARQ and retransmissions are not within the scope, ACK/NACK responses to data transmissions should still be considered in the study.
Observation 16: ACK/NACK responses using a bit string to indicate ACK/NACK as in RFID is more suitable to avoid frequent transmission failure and therefore should be transmitted on PDRCH.
2) Scheduling request
SID focused on the traffic types include DO-DTT and DT, as an Ambient IoT is not able to initiate a transmission, and all D2R data transmissions are R2D triggered, SR seems useless in Ambient IoT.
Observation 17: Traffic types DO-DTT and DT are within the scope of the study item, initiate and transmit a D2R transmission by device is not considered.
3) CSI reporting
Since that the device capability is extremely low, a device performing measurements based on reference signal processing is not feasible as it requires correlation operation, which is too complicated and power consuming. Therefore, CSI in NR should not be considered in Ambient IoT.
Observation 18: CSI measurements based on reference signal correlation operation is not feasible for an Ambient IoT device.
In addition, besides the L1 control information defined in NR, similar as R2D transmissions, whether/how MCS and TBS are indicated or determined for D2R transmission can also be studied as well. The potential solutions are also the same as that discussed in R2D transmissions, and again, some L1 control information to dynamically indicate MCS, data rate or TBS can be studied. Since it is much less complicated and occupies only a few bits, it can be considered as a PHY header or flag transmitted on PDRCH.
Proposal 16: For D2R data transmissions, L1 control information, if defined, is transmitted in PDRCH as a PHY header.
Proposal 17: A dedicated physical control channel for D2R transmission is not considered for study. 

2.2 Information payload
2.2.1 Background
NR design
In NR, the payload on different physical channels is determined by different ways. For example, for PBCH, the payload is fixed as 32 bits with 24 bits CRC. For PDCCH, the fields and corresponding number of bits for each DCI format is specified in TS 38.212. To simplify the blind decoding of PDCCH, DCI size alignment is applied. For PDSCH/PUSCH, transport block (TB) is the minimum unit for scheduling and TBS determination is a more complicated procedure to achieve better scheduling flexibility:
· 




Step 1: Calculate , where  and  are code rate and modulation order, respectively, which is indicated by DCI,  is number of layers, and  is determined by the allocated OFDM symbols and PRBs excluding the resources occupied by overhead (e.g., DM-RS overhead).
· 

Step 2: Calculate TBS from . If , TBS is determined based on a pre-defined table in TS 38.214; otherwise, TBS is calculated based on formula, where a TB may need to be segmented into several code blocks. 

RFID design
In RFID specification, all commands and corresponding responses are specified in Table 6.28 in [2]. By interpretating the code field in each signalling, the command can be recognized. Some commands are fixed length, e.g., Query, QueryRep, and QueryAdjust, while others are variable length, e.g., Select, Read, Write. Taking Select command as an example, with different indications of Pointer, Length and Mask, the length of Select command varies and therefore different groups of tags can be chosen. Note that the interpretation can be handled at MAC layer, and from physical layer perspective, the TBS are determined based on the transmission terminator.

2.2.2 TBS determination 
This issue is highly dependent on several design aspects, including frame structure, whether control information to indicate TBS is introduced, and resource overhead optimization to reduce postamble, etc.

As discussed in our companion’s contribution [7], to improve D2R reception performance, we propose that the D2R frame structure is composed of  transmission occasions and midamble is inserted in the middle of D2R data transmission for synchronization maintenance, as shown below. 


Figure 2: Illustration of D2R frame structure
In such a case, we think that the determination of TBS, number of transmission occasions, and/or block size for each transmission occasions (a.k.a CBS) should be considered, and the following options can be further studied:
· Option A1: Postamble is included at the end of PDRCH to indicate the termination. The CBS is determined based on a pre-defined value, or an indicated value. The indicated value can be informed by L1 control information in R2D commands, or by L1 control information carried in D2R transmissions. When TBS is larger than the CBS, it is divided into multiple of CBs.
· Option A2: Postamble is absent. The CBS is determined based on a pre-defined value, or an indicated value same as Option A1. The number of CBs is indicated by L1 control information in D2R transmissions.
· Option A3: Postamble is absent. The mapping between TBS, CBS and/or number of CBs can be pre-defined with indices. The index is indicated by L1 control information in D2R transmissions.
Similar as D2R transmissions, TBS determination in R2D transmissions should be studied. Since in R2D transmissions, midamble may not be needed if line coding is used, there is no consideration of CBS and number of CBs. In such a case, the following two options can be considered for further study:
· Option B1: Postamble is included at the end of PRDCH, the TBS is determined based on detection of postamble.
· Option B2: Postamble is absent. The TBS can be pre-defined with indices. The index is indicated by L1 control information in R2D transmissions.
Proposal 18: For Ambient IoT, TBS determination for R2D and D2R transmissions should be further studied, considering at least the presence or absence of postamble, frame structure (incl. number of transmission occasions, code block size for each transmission occasions, etc.), and L1 control information. 

2.3 Proximity determination
In RAN#103 meeting, it has been agreed to revise the SID with further clarifications on proximity determination. Based on the revised SID, the scope of proximity determination is only to decide that a device is “near” or “far from” the reader.
	Study the feasibility and required functionalities for proximity determination, which is the determination of whether BS or intermediate UE and ambient IoT device are near each other or not (coordination with SA3 is required for privacy aspects).


To study the feasibility of the proximity determination, we should first discuss the determination is made at reader side, or at device side. In our views, even if the proximity determination is only to decide the reader and devices are near each other or not, the decision should be made at reader side. From device perspective, due to limited device capability, it is hardly possible to determine such near/far proximity.
Proposal 19: The proximity determination should be studied at reader (i.e., BS or intermediate UE) side. It is not feasible to perform proximity determination at device side.
In addition, for a reader to determine the “near” or “far” of devices, the potential solutions can be further considered. One possible solution is that a reader can adjust the CW transmission power to perform inventory procedure. Once a device can be successfully inventoried, it indicates that the device is near the reader. This solution has no RAN1 specification impact and can be handled by reader implementation. Alternatively, a reader can perform some measurement to determine the near/far proximity. In such a case, what are the measurements should be further considered. For instance, the proximity determination is based on RSRP, RSRQ, or RSSI should be further clarified, and it may have potential RAN1 specification impact. To be specific, RAN1 should further discuss on what RS or what time/frequency domain resources the measurements are performed. Based on the discussion, we think that the former solution is more preferred.
Proposal 20: For proximity determination at reader side, the following solutions can be further studied:
· Option 1 (preferred): A reader adjusts the CW transmission power in inventory to determine near/far proximity of a device by implementation.
· Option 2: A reader measures received power of D2R transmissions to determine near/far proximity of a device. FFS measurements and potential RAN1 specification impact.

2.4 Time/frequency domain resource
2.4.1 General aspects
In NR FR1 FDD spectrum, a typical physical resource grid is shown in the following figure. In the time domain, the length of a frame is 10 ms, which consists of 10 slots with the length of one slot is 1 ms. Within a slot, there are 14 OFDM symbols in case of normal CP. In the frequency domain, a subcarrier is 15 kHz which occupies 1 RE, and 1 RB spans 12 REs with a bandwidth of 180 kHz.


Figure 3: Physical resource grid in FR1 FDD spectrum
The SID describes that the deployment scenarios of Ambient IoT should consider coexistence with existing NR base stations. Based on the discussion in our companion’s contribution [5], at least the FDD licensed spectrum in 900 MHz is investigated. From this perspective, when we study the time and frequency domain resources of Ambient IoT, the alignment with that for NR should be taken into consideration. 
To be specific, in Ambient IoT downlink, the bandwidth can be 180 kHz as baseline, or multiply of 180 kHz. The OOK signal in the time domain should be aligned with NR OFDM symbols, for example, considering 1 or multiple of chips per OFDM symbol. More details are presented in our companion’s contribution [6].
Moreover, defining the physical resources in time domain only or both time-drequency domain need to be addressed. For example, 
· For reader-to-device, since the RF ED is used, defining the physical resources in time-domain instead of time-frequency domain is more relavant.
· For device-to-reader and backscattering or active transmission, the time-frequency domain physical resources are more relevant.
Proposal 21: The study on the time and frequency domain resources of Ambient IoT should consider the alignment with the physical time and frequency resource grid in NR, e.g., at least symbol-level alignment for downlink should be considered. 

2.4.2 Special consideration for Topology 2
In the SID, both deployment scenario 1 with Topology 1 and deployment scenario 2 with Topology 2 are within the scope. For Topology 2, an Ambient IoT device communicates with a UE. In other words, the link between Ambient IoT device and UE is similar as sidelink. 
Observation 19: For Topology 2 with UE as the intermediate node, the link between an Ambient IoT device and the UE is similar as sidelink.
Basically, there may have some special considerations on time and frequency domain resources for Ambient IoT Topology 2, and intuitively it can refer to NR sidelink as a starting point. 
Frequency domain
In NR sidelink, the bandwidth and starting position of a sidelink carrier are configured by higher payer, and a single bandwidth part (SL BWP) for sidelink transmission is configured in the sidelink carrier. Within the SL BWP, a UE can be configured by higher layers with one or more sidelink resource pools for transmission/reception. 


Figure 4: Illustration of SL carrier and SL BWP
For Topology 2, Ambient IoT carrier and/or Ambient IoT BWP can be separately configured for a UE communicating Ambient IoT devices. 
Time domain
[bookmark: OLE_LINK661][bookmark: OLE_LINK662]In NR sidelink, the set of slots that belong to a sidelink resource pool is determined by a bitmap after excluding slots with S-SSB and slots of which at least one of the symbols determined by startSLsymbols and lengthSLsymbols are not semi-persistently configured as UL.


Figure 5: Illustration of SL resource pool configuration
For Topology 2, whether/how to determine time domain resources for transmitting carrier-wave and Ambient IoT commands with the considerations of interference handling among different intermediate UEs should be further studied. 
Proposal 22: Special considerations in time and frequency domain resources for Topology 2 can be studied, using NR sidelink as a starting point.

Conclusions
In this contribution, we provide our views on downlink and uplink channel/signal, and the following observations and proposals are made:
Observation 1: The delimiter and the preamble serve different functionalities. The main functionality of the delimiter is to inform a R2D transmission is coming, but the main functionality of the preamble is for clock calibration.
Observation 2: By using a delimiter with a duration of low voltage, a device can simply, and power efficiently determine that a R2D transmission is starting by energy detection.
Observation 3: For small transport block size with only a few bits, the presence of long postamble generates large resource overhead.
Observation 4: To ensure the reliability of the physical control channel, the potential resource overhead could be quite large, which is not efficient for R2D commands or signalling that has only a few bits.
Observation 5: Due to limited Ambient IoT device capability, especially for device 1, it is difficult to allocate R2D or D2R resources to an Ambient IoT device. 
Observation 6: It is possible to introduce some control information to indicate MCS, data rate, or TBS in Ambient IoT, but the control information is not necessarily carried in physical control channel.
Observation 7: Retransmission in Ambient IoT should not be considered, since HARQ and ARQ is not within the scope of the study item, and Ambient IoT devices may not have buffer for retransmissions.
Observation 8: For D2R transmissions, more complicated operations can be processed at gNB or UE side, where more precise carrier frequency information is required.
Observation 9: The D2R packet size can be as large as hundreds of bits and much larger than that of R2D packet size. 
Observation 10: In case of large packet, due to the poor SFO performance at Ambient IoT devices, it may not be sufficient to maintain precise D2R synchronization by merely considering preamble at the beginning of PDRCH even if line coding is applied. 
Observation 11: In case of large packet, applying FEC without line coding in D2R transmissions is beneficial to improve data transmission efficiency, where midamble is required to track and maintain D2R synchronization.
Observation 12: Applying TA is meaningless for an Ambient IoT device since it is difficult to maintain timing synchronization due to poor SFO performance.
Observation 13: The feasibility of CDMA is deteriorated by poor SFO performance. The multiplexing capability of CDMA is quite limited.
Observation 14: When studying optimization to improve the efficiency of contention-based access, TDMA and FDMA are more feasible and reliable than CDMA.
Observation 15: Although HARQ/ARQ and retransmissions are not within the scope, ACK/NACK responses to data transmissions should still be considered in the study.
Observation 16: ACK/NACK responses using a bit string to indicate ACK/NACK as in RFID is more suitable to avoid frequent transmission failure and therefore should be transmitted on PDRCH.
Observation 17: Traffic types DO-DTT and DT are within the scope of the study item, initiate and transmit a D2R transmission by device is not considered.
Observation 18: CSI measurements based on reference signal correlation operation is not feasible for an Ambient IoT device.
Observation 19: For Topology 2 with UE as the intermediate node, the link between an Ambient IoT device and the UE is similar as sidelink.

Proposal 1: For R2D transmissions in Ambient IoT, delimiter should be included separately from or as a part of R2D preamble.
· Delimiter can be a fixed duration of low voltage.
Proposal 2: For R2D transmissions in Ambient IoT, preamble preceding PRDCH should be considered.
· The preamble design should at least be studied for clock calibration (e.g., calibrate OOK chip duration and PRDCH starting time).
· The preamble design can also be studied to indicate scheduling information (e.g., D2R data rate).
Proposal 3: For R2D transmission in Ambient IoT, if line code is considered in the study, midamble is not needed.
Proposal 4: For R2D transmissions in Ambient IoT, postamble at the end of PRDCH to indicate transmission termination can be considered as a baseline.
· Postamble can be a fixed duration of high voltage.
Proposal 5: For R2D transmissions in Ambient IoT, discard postamble under certain conditions (e.g., when the R2D transport block size is small) can also be studied.
Proposal 6: For R2D data transmissions, higher layer control information, if defined, is transmitted in PRDCH.
Proposal 7: For R2D data transmissions, L1 control information, if defined, is transmitted in PRDCH as a PHY header.
Proposal 8: A dedicated physical control channel for R2D transmission is not considered for study. 
Proposal 9: For D2R transmissions in Ambient IoT, preamble preceding PDRCH should be considered.
Proposal 10: For D2R transmissions in Ambient IoT, midamble can be optionally considered in the middle of the D2R transmission for synchronization maintenance.
Proposal 11: For D2R transmissions in Ambient IoT, 
· Postamble at the end of PDRCH to indicate transmission termination can be considered as a baseline.
· Discard postamble under certain conditions (e.g., when the D2R transport block size is small) can also be studied.
Proposal 12: For D2R transmissions, binary sequence-based preamble/midamble/postamble design can be studied considering at least the following criteria:
· Low peak sidelobe level (PSL);
· High merit factor (MF);
· Sequence paris or sequence sets with large zero cross correlation zone (ZCCZ).
Proposal 13: For D2R transmissions, further study pilot signal (e.g., using midamble as pilot signal) for channel estimation/equalization.
Proposal 14: For D2R transmission, response for contention resolution during contention-based access procedure is transmitted on PDRCH. 
· A dedicated physical channel to transmit response for contention resolution is not considered for study.
Proposal 15: For D2R data transmissions, higher layer control information, if defined, is transmitted in PDRCH.
Proposal 16: For D2R data transmissions, L1 control information, if defined, is transmitted in PDRCH as a PHY header.
Proposal 17: A dedicated physical control channel for D2R transmission is not considered for study.  
Proposal 18: For Ambient IoT, TBS determination for R2D and D2R transmissions should be further studied, considering at least the presence or absence of postamble, frame structure (incl. number of transmission occasions, code block size for each transmission occasions, etc.), and L1 control information. 
Proposal 19: The proximity determination should be studied at reader (i.e., BS or intermediate UE) side. It is not feasible to perform proximity determination at device side.
Proposal 20: For proximity determination at reader side, the following solutions can be further studied:
· Option 1 (preferred): A reader adjusts the CW transmission power in inventory to determine near/far proximity of a device by implementation.
· Option 2: A reader measures received power of D2R transmissions to determine near/far proximity of a device. FFS measurements and potential RAN1 specification impact.
Proposal 21: The study on the time and frequency domain resources of Ambient IoT should consider the alignment with the physical time and frequency resource grid in NR, e.g., at least symbol-level alignment for downlink should be considered. 
Proposal 22: Special considerations in time and frequency domain resources for Topology 2 can be studied, using NR sidelink as a starting point.
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