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Introduction
[bookmark: OLE_LINK183]In RAN#103 plenary meeting, the SID on solutions for Ambient IoT has been revised as [1], including the following objectives which are led by RAN1:
	General Scope
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.
· Coverage design target: Maximum distance of 10-50 m with device indoors as per TR 38.848: “…a range that WGs can sub-select within”.
· For Topologies 1 & 2 (UE as intermediate node under NW control) per TR 38.848, with no RRC states, no mobility (i.e. at least no cell selection/re-selection -like function), no HARQ, no ARQ. 
[bookmark: OLE_LINK153]NOTE 1: It is to be understood that “≤ a few hundred µW” means WGs are not tasked with setting a particular value, and that it will be for WG discussions to determine if a presented design with corresponding power consumption satisfies the “≤ a few hundred µW” requirement.
B. Deployment Scenarios with the following characteristics, referenced to the tables in Clause 4.2.2 of TR 38.848:
· Deployment scenario 1 with Topology 1
· [bookmark: OLE_LINK154]Basestation and coexistence characteristics: Micro-cell, co-site
·   Deployment scenario 2 with Topology 2 and UE as intermediate node, under network control
· Basestation and coexistence characteristics: Macro-cell, co-site
· The location of intermediate node is indoor
C.  FR1 licensed spectrum in FDD.
D. Spectrum deployment in-band to NR, in guard-band to LTE/NR, in standalone band(s).
E. Traffic types DO-DTT, DT, with focus on rUC1 (indoor inventory) and rUC4 (indoor command). 
· From RAN#104, the study will assess whether the harmonized air interface design (per bullet ‘A’ above) can address the DO-A (Device-originated autonomous) use case, only to identify which part(s) of the harmonized air interface design (per bullet ‘A’ above) is/are not sufficient for the DO-A use case.
Transmission from Ambient IoT device (including backscattering when used) can occur at least in UL spectrum.
The following objectives are set, within the General Scope:
Study necessary and feasible solutions for Ambient IoT as prescribed in the General Scope, including decisions on which functions, procedures, etc. are needed and not needed, and ensuring at least the required functionalities in Section 6.2 of TR 38.848. 
Study of positioning in Rel-19 is RAN3-led, limited to functionalities which would have no, or minimal, specification impact (note: this does not imply any decision relating to WI creation).
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).
· RAN1-led:
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 this contribution, we present our views on the design of the A-IoT channel/signal including the aspects of general R2D and D2R channel/signal design, time/frequency domain resource and feasibility and required functionalities for proximity determination
[bookmark: _Hlk156998825][bookmark: OLE_LINK147]R2D channel/signal
During the RAN1#116 meeting, for R2D data transmission, a physical channel (PRDCH) is agreed to be studied as follow.
	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


In Ambient IoT, there may be two options for R2D channel design, one option is the NR/LTE/NB-IoT like design where a PDCCH is used for carrying the scheduling information of the PDSCH while the other one option is RFID like framework, in which only one kind of DL (R2D) channel is defined. 
[bookmark: OLE_LINK2]Observation 1: For A-IoT R2D, there may be two options about which kind(s) of channels can be introduced:
· Option 1: Support PRDCH only, i.e., RFID like;
· Option 2: Support a R2D control channel other than PRDCH.
[image: ]
Figure 1 Illustration of the two options for Ambient IoT R2D channel design

[bookmark: OLE_LINK177]Since the R2D transmission in A-IoT is quite similar to RFID, in which only some commands would be carried by the DL channel, i.e., no data type of transmission in R2D direction, then support a separate control channel seems to be worthless considering the efficiency. Meanwhile, the performance benefits for introducing a separate control channel are not so strong since the coverage requirement is not so large in A-IoT, so it seems like Option 1 in Observation 1 is more feasible for A-IoT.
[bookmark: _Hlk163206656][bookmark: OLE_LINK3]Proposal 1:  In A-IoT, the R2D control information is transmitted in PRDCH, i.e., no additional control channel is introduced.
[bookmark: _Hlk157065886]For R2D transmission, for the timing acquisition, a preamble is agreed to be added immediately before an R2D transmission, which is similar to RFID.  The following agreement has been achieved w.r.t the R2D preamble during RAN1#116bis meeting:
	Agreement
For the R2D timing acquisition signal immediately preceding the transmission of a physical channel, study a preamble with at least two parts which includes a start-indicator part and a clock-acquisition part, where the start-indicator part immediately precedes the clock-acquisition part:
· [bookmark: OLE_LINK106]Start-indicator part provides the start of the R2D transmission 
· FFS: Details of start-indicator part
· Clock-acquisition part provides at least the chip synchronization of the subsequent physical channel transmission
· FFS: Details of clock-acquisition part, e.g. structure, encoding, length, etc. 
· FFS: Methods to determine chip duration of the subsequent physical channel transmission 
· FFS: Other functionalities 
· Note: the preamble is considered not to be part of a physical channel
· FFS: other part(s) of the preamble, if any 
· FFS: whether the above clock acquisition is sufficient for all devices QC
· FFS: how to make the preamble compact 


[bookmark: OLE_LINK184]Based on the above agreement, from our perspective, a R2D preamble may include the following segments similar to RFID, and the details would be:
· [bookmark: OLE_LINK112][bookmark: OLE_LINK108][bookmark: OLE_LINK182]Start-indicator part: Which can be a certain time of contiguous logic low/high electrical level to activate the circuit and indicate the R2D transmission will be started immediately after its own ending time;
· [bookmark: OLE_LINK109][bookmark: OLE_LINK107][bookmark: OLE_LINK179][bookmark: OLE_LINK180][bookmark: OLE_LINK181]R2D Clock-acquisition part: Which is similar to RTcal in RFID, and can be one or several symbols (e.g., OOK symbols) which represents an integer number of “0” or “1” and using the same line coding scheme (e.g., Manchester or PIE) as R2D data transmission, to make the device can measure/calibrate the length of DL transmission symbol and potentially can distinguish whether a received symbol is “0” or “1”;
· [bookmark: OLE_LINK110][bookmark: OLE_LINK111]D2R Clock-acquisition part, potential: Which is similar to TRcal in RFID, and used by the device to measure the length, to compute the working frequency and D2R data rate, adjust its working frequency and D2R data rate to be equal to the obtained value.
In general, the design details of R2D preamble may be dependent on the waveform, modulation and coding schemes for R2D transmission, which can be further discussed at the later stage.
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Figure 2 Illustration of preamble design for A-IoT R2D

[bookmark: OLE_LINK7][bookmark: OLE_LINK133][bookmark: OLE_LINK185][bookmark: OLE_LINK189]Proposal 2:  For the R2D preamble which is immediately transmitted before any PRDCH transmission:
· [bookmark: OLE_LINK186]The start-indicator part is a certain time of contiguous logic low/high electrical level;
· The R2D Clock-acquisition part including one or several symbols (e.g., OOK symbols) which represents an integer number of “0” or “1” and using the same line coding scheme (e.g., Manchester or PIE) as R2D data transmission.
Proposal 3: D2R Clock-acquisition part may be additionally included in the R2D preamble for the device to compute its working frequency and D2R data rate.
[bookmark: OLE_LINK191][bookmark: OLE_LINK115]During last meeting, postamble is agreed to be an option for determining or deriving the end of PRDCH, it can also be used for timing maintenance and SFO tracking. From our perspective, a R2D postamble should not be decoded as data and then may include the following segments:
· [bookmark: OLE_LINK113]End-indicator part: Which can be a certain time of contiguous logic high/low electrical level to indicate the R2D transmission will be ended immediately when it has been identified by the device, to differentiate the preamble and postamble, the electrical level of preamble and postamble needs to  be set as opposite.
[image: ]
Figure 3 Illustration of postamble design for A-IoT R2D

[bookmark: OLE_LINK190]Proposal 4: R2D postamble is immediately transmitted after any PRDCH transmission.
· An End-indicator part (a certain time of contiguous logic high/low electrical level) may be included in a R2D postamble.
Another aspect should be considered is how to design the R2D control information, since we propose not to introduce a separate control channel to carry it, and to obtain the necessary information for the subsequent PRDCH decoding and avoid the potential blind decoding, we propose the R2D control information should have fixed payload size and transmitted in the first X bits of each PRDCH.
[bookmark: OLE_LINK128]Proposal 5: For each PRDCH transmission, the R2D control information should have fixed payload size and transmitted in the first X bits of each PRDCH.
· FFS: the exact value of X.
For the R2D control information contents, we think at least the following fields can be studied as shown in the table below:
Table 1 Fields in R2D control information 
	[bookmark: OLE_LINK117]Fields 
	Description

	[bookmark: OLE_LINK120]D2R time domain resource allocation
	Indicating the time domain resources for one or multiple A-IoT devices’ D2R transmission.

	D2R frequency domain resource allocation
	Indicating the time domain resources for one or multiple A-IoT devices’ D2R transmission.

	Repetitions
	Indicating the number or types (bit level or TB level) for the follow-up D2R transmission.

	The end of PRDCH
	For the device to determine or derive the end of PRDCH transmission, which is agreed as an option during last meeting.

	Device ID and/or device group ID and/or device type
	Indicating the current R2D transmission is target for a specific device or a specific group of devices or a specific type of devices.


[bookmark: OLE_LINK8]Proposal 6: For R2D control information, at least the fields in Table 1 are studied.
D2R channel/signal
[bookmark: OLE_LINK135][bookmark: OLE_LINK140]During the RAN1#116 meeting, the following agreement has been reached in which a physical layer D2R channel has been agreed to be supported for data transmission.
	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: OLE_LINK187]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


According to the above agreements, it needs to be further studied that whether/how/what D2R control information (if defined) is transmitted on the PDRCH. According to the SID, HARQ-ACK feedback is not supported in A-IoT, meanwhile, it seems that CSI report is not necessary in A-IoT as well, finally, since the traffic of DoA type is not considered at least in this stage, SR may not be supported as well. Therefore, in general, physical layer D2R control information is not supported in A-IoT.
[bookmark: OLE_LINK126][bookmark: OLE_LINK136]Proposal 7: SR/CSI/HARQ-ACK is not supported in A-IoT.
If D2R control information is introduced, e.g., for indicating the end of D2R transmission as an agreed in last meeting, the D2R control information should also have fixed payload size and transmitted in the first X bits of each PDRCH, which is similar to R2D case.
Proposal 8: For each PDRCH transmission, the D2R control information (if supported) should have fixed payload size and transmitted in the first X bits of each PRDCH.
· FFS: the exact value of X.
In D2R direction, there may be two kinds of transmission in A-IoT, one kind is more shorted which is used as temporary identification of a device (e.g., similar to RN16 in RFID); the other one is D2R data (such as device ID or the temperature in the use case of Sensor) transmission, which may be very longer than the former one. From our perspective, whether separate PDRCH formats are needed to be designed for these two kinds of transmission can be further studied in RAN1. 
[image: ]
Figure 4 Illustration of two types of D2R data channel formats

[bookmark: OLE_LINK9]Proposal 9: One or two potential formats can be defined for PDRCH in A-IoT:
· If only one format is defined, it is used for both the transmission of random temporary binary stream (RN16 like) and other D2R data (e.g., device ID and the potential subsequent D2R data transmission);
· If two formats are defined, the following two formats can be considered:
· A short format is used for the transmission of the random temporary binary stream (RN16 like);
· A long format is used for the transmission of other D2R data (e.g., device ID and the potential subsequent D2R data transmission).
[bookmark: OLE_LINK188]Similar to R2D, in D2R, it has also been agreed in last meeting to transmit preamble for D2R transmission timing acquisition. A preamble with a potential pilot tone can be considered as starting point like that in RFID, meanwhile, a sequence with good autocorrelation characteristics (e.g., m sequence or ZC sequence) can be considered for the preamble since gNB and intermediate UE has the capability perform sequence auto-correlation operation.
[bookmark: OLE_LINK4]Proposal 10: For the D2R preamble which is immediately transmitted before any PDRCH transmission.
· Some existing sequence in NR, e.g., m sequence or ZC sequence can be a starting point.
Since Ambient IoT device may suffer from the sampling frequency offset (SFO), which may have negative impacts on the D2R transmission performance. Then, the mid-amble is agreed to be studied and can be inserted in-between the transmission segments for SFO tracking and timing maintenance. Furthermore, similar to R2D, the postamble is an option for determining or deriving the end of PDRCH, which is transmitted immediately after a D2R transmission and can also be used for timing maintenance and further SFO tracking. 
[image: ]
Figure 5 Illustration for mid-amble inserted in-between the segments of a long UL transmission
 
[bookmark: OLE_LINK10][bookmark: OLE_LINK192]Proposal 11: D2R midamble can be same, truncated, or a totally different sequence from the sequence of preamble which is transmitted immediately before the D2R transmission.
Proposal 12: D2R postamble can be same or a totally different sequence from the sequence of preamble which is transmitted immediately before the D2R transmission.
Time and frequency resource for R2D/D2R transmission
Since in Rel-19 Ambient IoT, only FR1 licensed spectrum in FDD is deployed, then in topology 1, for R2D transmission (mainly for R2D command) from gNB, the transmission spectrum should naturally be FDD DL spectrum; for D2R, as mentioned in the SID, the transmission from Ambient IoT device (including backscattering when used) can at least occur in UL spectrum. From our perspective, whether the D2R backscattering transmission can additionally occur in FDD DL spectrum may depend on which spectrum is used for CW transmission and whether the device has the capability to shift the operating frequency.
However, in topology 2, for R2D transmission from intermediate UE, the transmission spectrum should be FDD UL spectrum, the motivation is to fulfil the spectrum regulation for a UE like sidelink transmission where the UL transmission from Ambient IoT device should be carried on the UE’s UL spectrum.
[bookmark: OLE_LINK11]Proposal 13: For R2D transmission in A-IoT:
· In topology 1, where the R2D transmission is from gNB, FDD DL spectrum is used; 
· In topology 2, where the R2D transmission is from intermediate UE, FDD UL spectrum is used.
Proposal 14: For D2R transmission from Ambient IoT device (including backscattering when used):
· At least FDD UL spectrum can be used;
· FFS: Whether UL transmission from Ambient IoT device can occur in the FDD DL spectrum.
As mentioned in our companion tdoc [2], regarding the TDM/FDM operation for contention-based access, since the devices have not been identified by the reader yet in this case, one straightforward method is the reader to indicate multiple sets of candidate resources by D2R time/frequency domain resource allocation, and each device randomly select one candidate resource for its own D2R transmission. Therefore, we propose:
Proposal 15: The control information within the R2D command used for inventory during contention-based access can include multiple sets of candidate resources by D2R time/frequency domain resource allocation. 
· Each device can select one candidate resource for D2R transmission.
For the R2D command target for multiple devices which have already identified by the reader, the reader can include the time/frequency domain resource information for each device separately in the corresponding control information, and each resource would be associated a specific device ID. This mechanism can avoid the resource collision among devices as much as possible.
Proposal 16: When the control information within the R2D command used for Command use case is target for multiple A-IoT devices, it can include multiple sets of candidate resources by D2R time/frequency domain resource allocation. 
· Each candidate resource is associated with a specific device ID and allocated to a specific device.
Feasibility and required functionalities for proximity determination
[bookmark: OLE_LINK194]According to the revised SID [1], the definition of “proximity determination” has been clarified in RANP which means only the mechanism on the determination of whether BS or intermediate UE and ambient IoT device are near to each other or not is pursued in 3GPP. In last meeting, RAN1 has made the following agreement to confirm that the proximity determination can only be performed at reader side.
	Agreement
Proximity determination based on device side measurements is not considered. 


[bookmark: OLE_LINK146]Then, the further issue is the purpose and usage to introduce the proximity determination should be clarified in RAN1. From our perspective, at least for topology 2, the RSSI measured by intermediate UE from devices can be used for the gNB to decide which UE to be used as intermediate UE, but we think this is out of RAN1 scope. On the other hand, such kind of measurement may have the possibility to facilitate the scheduling, e.g., depending on the results to decide the exact repetition number, etc. Another aspect can be considered is using proximity determination to predict the energy harvesting duration for a device, so that the reader can perform the R2D transmission in proper opportunity accordingly. 
[bookmark: OLE_LINK6]Observation 2: There are some usages can be considered for the “proximity determination”, e.g.:
· To facilitate the scheduling performance by such kind of measurement, which can be further studied by RAN1;
· To determine the intermediate UE or for devices’ positioning in topology 2, which may be up to other WG’s discussion;
· To predict the length of energy harvesting duration for a device
Furthermore, the following proposal has been provided by FL but the consensus has not been reached during last meeting [3]. 
	(High Priority) Proposal 2.3-3 
· [bookmark: OLE_LINK5][bookmark: OLE_LINK17]For proximity determination, following two options are studied to determine whether the device is near the reader or not:
· Option 1: If reader receives response from the device, then device is determined as near
· Option 2: Device is determined to be near the reader based on measurements
· Proximity determination based on device side measurements is not considered for further study 


Since we have identified that at least the usages in Observation 2 can be considered for proximity determination, we think the above option 1 cannot achieve the aforementioned purposes and usages, therefore, option 2 is our preference.
[bookmark: OLE_LINK13]Proposal 17: For proximity determination, device is determined to be near the reader based on measurements and pre-defined threshold. 
Conclusion
In this contribution, views on A-IoT channel and signal aspects were further provided. Based on the discussion, the following observations and proposals are proposed:
Observation 1: For A-IoT R2D, there may be two options about which kind(s) of channels can be introduced:
· Option 1: Support PRDCH only, i.e., RFID like;
· Option 2: Support a R2D control channel other than PRDCH.
Observation 2: There are some usages can be considered for the “proximity determination”, e.g.:
· To facilitate the scheduling performance by such kind of measurement, which can be further studied by RAN1;
· To determine the intermediate UE or for devices’ positioning in topology 2, which may be up to other WG’s discussion;
· To predict the length of energy harvesting duration for a device
Proposal 1:  In A-IoT, the R2D control information is transmitted in PRDCH, i.e., no additional control channel is introduced.
Proposal 2:  For the R2D preamble which is immediately transmitted before any PRDCH transmission:
· The start-indicator part is a certain time of contiguous logic low/high electrical level;
· The R2D Clock-acquisition part including one or several symbols (e.g., OOK symbols) which represents an integer number of “0” or “1” and using the same line coding scheme (e.g., Manchester or PIE) as R2D data transmission.
Proposal 3: D2R Clock-acquisition part may be additionally included in the R2D preamble for the device to compute its working frequency and D2R data rate.
Proposal 4: R2D postamble is immediately transmitted after any PRDCH transmission.
· An End-indicator part (a certain time of contiguous logic high/low electrical level) may be included in a R2D postamble.
Proposal 5: For each PRDCH transmission, the R2D control information should have fixed payload size and transmitted in the first X bits of each PRDCH.
· FFS: the exact value of X.
Proposal 6: For R2D control information, at least the fields in Table 1 are studied.
Proposal 7: SR/CSI/HARQ-ACK is not supported in A-IoT.
Proposal 8: For each PDRCH transmission, the D2R control information (if supported) should have fixed payload size and transmitted in the first X bits of each PRDCH.
· FFS: the exact value of X.
Proposal 9: One or two potential formats can be defined for PDRCH in A-IoT:
· If only one format is defined, it is used for both the transmission of random temporary binary stream (RN16 like) and other D2R data (e.g., device ID and the potential subsequent D2R data transmission);
· If two formats are defined, the following two formats can be considered:
· A short format is used for the transmission of the random temporary binary stream (RN16 like);
· A long format is used for the transmission of other D2R data (e.g., device ID and the potential subsequent D2R data transmission).
Proposal 10: For the D2R preamble which is immediately transmitted before any PDRCH transmission.
· Some existing sequence in NR, e.g., m sequence or ZC sequence can be a starting point.
Proposal 11: D2R midamble can be same, truncated, or a totally different sequence from the sequence of preamble which is transmitted immediately before the D2R transmission.
Proposal 12: D2R postamble can be same or a totally different sequence from the sequence of preamble which is transmitted immediately before the D2R transmission.
Proposal 13: For R2D transmission in A-IoT:
· In topology 1, where the R2D transmission is from gNB, FDD DL spectrum is used; 
· In topology 2, where the R2D transmission is from intermediate UE, FDD UL spectrum is used.
Proposal 14: For D2R transmission from Ambient IoT device (including backscattering when used):
· At least FDD UL spectrum can be used;
· FFS: Whether UL transmission from Ambient IoT device can occur in the FDD DL spectrum.
Proposal 15: The control information within the R2D command used for inventory during contention-based access can include multiple sets of candidate resources by D2R time/frequency domain resource allocation. 
· Each device can select one candidate resource for D2R transmission.
Proposal 16: When the control information within the R2D command used for Command use case is target for multiple A-IoT devices, it can include multiple sets of candidate resources by D2R time/frequency domain resource allocation. 
· Each candidate resource is associated with a specific device ID and allocated to a specific device.
Proposal 17: For proximity determination, device is determined to be near the reader based on measurements and pre-defined threshold.
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