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1. [bookmark: _Ref118382196]Introduction
In RAN#102 meeting the SID on solutions for Ambient IoT was endorsed including following general scope and RAN1-led objections [1]:
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. 
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
· 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.

2. 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. 
[bookmark: _Hlk156923414]       For Topology 2, no difference in physical layer design from Topology 1.
In this paper we discuss the necessity and design principles of various DL/UL channels/signals for A-IoT.
2. Discussion
2.1 Data Channel 
In the RAN1#116 it was agreed that a physical channel (PRDCH/PRDCH) at least for data transmission is studied[2]. In the last meeting the generation blocks for PRDCH/PDRCH were discussed with following agreements[3]: 

	Agreement
· For PRDCH generation at the reader, at least following blocks are studied as the baseline:
· CRC bits are appended if there is non-zero length CRC
· Note: CRC details discussed in agenda item 9.4.2.1
· Line coding block 
· OOK-1/OOK-4 modulation with OFDM waveform generation, including resource mapping 
· FFS details
· Note: Other blocks could be added if agreed
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PRDCH generation

Agreement
· For PDRCH generation at the device, at least following blocks are studied as the baseline:
· CRC bits are appended if there is non-zero length CRC
· Note: CRC details discussed in agenda item 9.4.2.1
· Coding 
· Exact coding methods within the coding block, e.g. with/without line coding and/or FEC discussed under agenda 9.4.2.1
· Note: If no line coding is used, there may be an additional block (e.g. square wave generator) before/after modulation block
· Modulation
· Note: Other blocks could be added if agreed 
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As captured in the SID, in this release the focus of this SI is on rUC1 (indoor inventory) and rUC4 (indoor command) as reproduced in Table 1 below. For indoor command the reader needs to send various command to A-IoT devices through R2D data channel for different purposes, hence the number of bits for the R2D channel conveying different commands may be different. As in this release HARQ retransmission is not supported, but the reliability of transmissions may be different, such as “Online modification of medical instruments status” and “Elderly Health Care” need more reliable transmission than others. Therefore, different channel coding rate is needed to achieve different reliabilities, to the end repetition or simple FEC (such as block coding) should be introduced to R2D transmission. 



Figure 1 PRDCH generation with addition of Repetition/FEC
[bookmark: _Hlk166145835][bookmark: _Toc166222222]Observation 1: To support the target use cases, such as indoor command, it is necessary to implement different reliability for R2D transmissions.
[bookmark: _Toc166222227]Proposal 1: Repetition or simple FEC should be introduced for R2D transmission, and for PRDCH generation, Repetition/FEC block should be added after CRC attachment block. 
Table 1 rUC1 and rUC4 defined in 38.848.
	rUC1: Indoor inventory
	5.1 Automated warehousing
5.2 Medical instruments inventory management and positioning
5.4 Non-Public Network for logistics
5.5 Automobile manufacturing
5.7 Airport terminal / shipping port
5.15 Smart laundry
5.16 Automated supply chain distribution
5.18 Fresh food supply chain
5.27 End-to-end logistics
6.1 Flower auction
6.3 Electronic shelf label

	rUC4: Indoor command
	[bookmark: OLE_LINK1]5.11 Online modification of medical instruments status
5.17 Device activation and deactivation
5.26 Elderly Health Care
5.29 Device Permanent Deactivation
6.3 Electronic shelf label


As agreed in RAN1#116 slotted-ALOHA based access is studied. In slotted-ALOHA access procedure there may exit broadcast transmission (such as the transmission of a message similar as “selection” in RFID) , group cast transmission (such as the transmission of a message similar as “Query” or “QueryRep” in RFID), and unicast transmission (such as the transmission of a message similar as “ACK” in RFID). Therefore, to support inventory use case, depending on the inventory procedure determined by RAN2, broadcast, groupcast and unicast may be needed. For command use case at least unicast should be supported e.g. for “Elderly Health Care”. And groupcast may also be necessary for the transmission of command to same category of devices.
[bookmark: _Toc166222223]Observation 2: There exit broadcast transmission, groupcast transmission and unicast transmission in slotted-ALOHA access procedure. And both unicast and groupcast may be needed for support of command use case.
[bookmark: _Toc166222228]Proposal 2: All broadcast, groupcast and unicast should be studied for R2D transmission. 
The following is captured in TR 38.848 [4]:
	[bookmark: _Toc145960166]5.5	Maximum message size
The design target of maximum message size is approximately 1000 bits to be received by the Ambient IoT device, and approximately 1000 bits to be transmitted from the Ambient IoT device, based on the maximum application layer packet size.
RAN1/RAN2 can refine as needed for TB size design.


[bookmark: _Hlk166147853]In RAN2#125bis meeting it was agreed that RLC layer is not needed, furthermore, RAN2 considers segmentation and reassembly would add complexity. 
Agreement  (RAN2#125bis)
1 SDAP is not supported for UP protocol stack. 
2 PDCP layer is not needed.  FFS how to handle AS security (if needed pending SA3 dicsussion) and any other really needed functionalities.  
3 RLC layer is not needed.   FFS how to handle segmentation (if needed and depending on RAN1 design and upper layer packet size).  RAN2 considers segmentation and reassembly would add complexity, however further discussions are needed.  
4 No HARQ and RLC AM
5 FFS about the level of visibility required by the reader and what information is necessary for AS layer operations.  
6 RAN2 assumes that no per-packet QoS and no per-QoS flow is supported at AS level (for both UL/DL).  FFS how to handle the general QoS requirements from SA2
In this release the maximum modulation order supported for both R2D and D2R transmission is only 1. Assuming maximum 16 bits CRC and minimum coding rate as 1/3 for both R2D and D2R transmission, the maximum TBS is up to 3048 bits. In order not to introduce segmentation and reassembly operation, RAN1 should strive to support maximum TBS of 3048 bits.
[bookmark: _Toc166222229]Proposal 3: Maximum TBS of 3048 bits should be studied as baseline. 
2.2 Control information and/or Control Channel
In existing NR system both DL control channel (PDCCH) and UL control channel (PUCCH) are supported. PDCCH can be used to indicate time/frequency resource, MCS, HARQ process number, etc., of DL/UL/SL transmission (i.e., DL/UL/SL DCI), or to serve other purposes (i.e., the purposes of served by 2-x DCI formats). PUCCH is basically used to convey UCI, such as HARQ-ACK information, SR, CSI, etc. As captured in the SID, in Rel-19 ambient IoT targets DO-DTT and DT traffic types with focus on rUC1 (indoor inventory) and rUC4 (indoor command). In general control information for following 2 purposes are needed in A-IoT:
· To indicate the transmission from gNB or intermediate node to A-IoT device (R2D data transmission). Although depending on the discussion in 9.4.2.1 on general aspects of physical layer design and 9.4.2.2 on scheduling, some transmission parameters of PRDCH, such as waveform, coding scheme, HARQ process number, etc. may be fixed. To support all the use cases in rUC4 different information need to be transmitted, which would lead to different PRDCH length. As the reliability requirement of the use cases may also be different, coding rate of the PRDCH may also be adapted to the use case. From an A-IoT device perspective, it needs to know whether a PRDCH should be received, how many bits are included, and what is the coding rate, etc.
· To schedule the transmission from A-IoT device to gNB or intermediate node (D2R data transmission). This functionality is motivated firstly by inventory use cases, where an A-IoT device should respond to a query transmitted from gNB or intermediate node. For this purpose, at least a D2R resource should be allocated to the A-IoT device by the R2D control information. As discussed below feedback may also be needed for some critical command use cases, for the transmission of this feedback information D2R resource should also be allocated by R2D control information.
[bookmark: _Toc166222230]Proposal 4: R2D control information should be introduced at least for indicating of R2D data transmission and allocating resource for D2R data transmission.
In NR system PDCCH is transmitted with fixed modulation and channel coding scheme, but the size of DCI conveyed in a PDDCH is dependent on DCI format. To reduce detection complexity a UE is configured with CORESET and Search Space for PDCCH monitoring. A UE needs to monitor time/frequency resources indicated by CORESET and Search space to detect all possible PDCCH formats blindly. This operation leads to considerable amount of complexity and power consumption. But the complexity and energy storage of an A-IoT device is extremely low, therefore the complexity and power consumption for reception of the R2D control information should be minimized. In the sense the following principles should be considered for the transmission of R2D control information:
· Fixed modulation and channel coding scheme should be used.
· To avoid blind detection, at a given time an A-IoT device only detect one R2D control information size.
· The number of R2D control information formats that an A-IoT device needs to support should be minimized, e.g., only R2D control information for indicating R2D data transmission and scheduling D2R data transmission are introduced.
· Control information should be transmitted with higher reliability but lower FAR than data, in particular for the control information scheduling D2R, and for control information towards multiple devices (i.e. groupcast or broadcast control information), such as to minimize DTX, unnecessary data channel reception, and D2R transmission collision.
· For power saving also, at least for high capability A-IoT device, search space or something similar can be considered for A-IoT control information reception. 
[bookmark: _Toc166222231]Proposal 5: Complexity and power consumption for R2D control information reception should be minimized, the following design principles should be considered: fixed MCS, no blind detection, minimal control information formats, and minimized FAR.
As an A-IoT device needs to decode both R2D control channel and R2D data, another issue is whether the transmission scheme, including waveform, modulation scheme and coding scheme, etc., of them should be the same. Obviously to use same transmission scheme for the both can simplify the A-IoT device implementation. But an A-IoT device may need to detect control information all the time, only need to decode data when control information towards to it is decoded, therefore, it is expected that the power consumption for detecting control information is much lower than that of decoding data. For this purpose, different transmission schemes may be needed for control information and data.
[bookmark: _Toc166222232]Proposal 6: Further study whether transmission schemes for DL control channel and DL data channel are always the same or can be different.
[bookmark: _Hlk162889388]Whether additional control information should be introduced are subject to further discussion in 9.4.2.2. RAN1 should conclude on the control information needed for A-IoT communication and corresponding transmission requirements firstly, on top of that to further discuss how to transmit the control information, i.e., using same physical channel or different physical channel. If same physical channel is used for both control and data, the control information should be decoded independently, i.e. to encode it separately from data and to insert separate CRC.
[bookmark: _Toc166222233]Proposal 7: RAN1 should conclude on the control information needed for A-IoT communication and corresponding transmission requirements firstly, then discuss how to transmit the control information; and the control information should be decoded independently if it is transmitted in same physical channel as data.
The control information needed for inventory and command use case may be different. For example, cast type and TBS may not be needed for PRDCH in inventory use case, as this 2 information can be derived from message type. But for command use case this 2 information may need to be indicated explicitly. The candidate control information for the 2 use cases is summarized in Table 1 and Table 2 respectively. 
Table 1 Control information for inventory use case
	Control information
	PRDCH
	PDRCH

	
	Needed or not
	L1 or higher layer
	Needed or not
	L1 or higher layer

	Time domain resource
	[N] (up to scheduling discussion)
	-
	[Y] (up to scheduling discussion)
	L1

	Frequency domain resource
	[Y] (up to multiplexing discussion)
	L1
	[Y] (up to multiplexing discussion)
	L1

	MCS/repetition
	[Y]
	L1
	[Y]
	L1

	TBS
	[N] (fixed, up to inventory procedure)
	-
	[N] (fixed)
	-

	Device/group ID
	Y
	L1 and/or higher layer
	Y
	L1 and/or higher layer

	Reader ID
	[Y]
	L1
	[Y]
	L1

	Cast type
	[N] (fixed, up to inventory procedure)
	-
	N
	-



Table 2 Control information for command use case
	Control information
	PRDCH
	PDRCH

	
	Needed or not
	L1 or higher layer
	Needed or not
	L1 and/or higher layer

	Time domain resource
	[N] (up to scheduling discussion)
	-
	[N] (up to scheduling discussion)
	-

	Frequency domain resource
	[Y] (up to multiplexing discussion)
	L1
	[Y] (up to multiplexing discussion)
	L1

	MCS/repetition
	[Y]
	L1
	[Y]
	L1

	TBS
	Y
	L1
	[N] (fixed)
	-

	Device/group ID
	Y
	L1
	Y
	L1

	Reader ID
	[Y]
	L1
	Y
	L1

	Cast type
	Y
	L1
	N
	-


[bookmark: _Toc166222224]Observation 3: Control information needed for support of inventory use case and command use case may be different.
[bookmark: _Toc166222234]Proposal 8: Study necessary control information per use case; and transmitting control information as L1 signalling is studied as base line.
If UCI is also introduced in A-IoT communication, such as to convey physical layer feedback or reporting as discussed below, PUCCH-like channel should also be considered for A-IoT.
[bookmark: _Toc166222235]Proposal 9: If UCI is introduced in A-IoT communication PUCCH-like channel should also be considered.
2.3 Reference signal
In the last meeting following agreements on R2D/D2R timing acquisition signal were achieved:
	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:
· 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
· FFS: how to make the preamble compact

Agreement
For D2R, a preamble preceding each PDRCH transmission is studied as the baseline at least for the D2R timing acquisition signal:
· Preamble is not part of PDRCH
· FFS: Other functionalities of the preamble



Clock-acquisition part of R2D timing acquisition signal should be used to determine the chip duration and calibrate clock. To the end this part should include X data-0 and Y data-1 chips. The exact value of X and Y can be determined based on further evaluation. Additional information can be carried by clock-acquisition, for example if different control information formats are introduced later, the format can be indicated in this part to avoid blind decoding by the device.
[bookmark: _Toc166222236]Proposal 10: Clock-acquisition part of R2D timing acquisition signal should include X data-0 and Y data-1 chips, FFS X and Y. 
In RFID T=>R link preambles are defined for FM0 (as shown in Figure 2) and Miller coding (as shown in Figure 3) [5], such preambles can be considered as starting point for timing acquisition signal design of D2R link if same line coding is used for A-IoT D2R link. FFS timing acquisition signal structure for other line coding if supported.
[image: 图示
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[bookmark: _Ref163125306]Figure 2 Normal and extended T=>R link preamble in RFID for FM0
[image: 电脑屏幕的照片上有字

中度可信度描述已自动生成]
[bookmark: _Ref163127308]Figure 3 Normal and extended T=>R link preamble in RFID for Miller
[bookmark: _Toc166222237]Proposal 11: If FM0 or Miller coding is supported for D2R link, T=>R preambles defined for FM0 and Miller coding in RFID are used as starting point for timing acquisition signal design of D2R link, FFS the timing acquisition signal for other line coding if supported.
Mid-amble was discussed in the last meeting for D2R transmission for various purposes. However, as SFO of a device considered in this release is up to 10^5 ppm, line coding should be used for timing tracking, mid-amble for timing tracking is not necessary. Furthermore, D2R transmission length is expected to be <72ms (assuming 1000bit, 14bit/slot), frequency drift is <0.1 ppm/s as studied in LP-WUS, which corresponds to ~6Hz frequency drift in 72ms @900MHz. Therefore, it is sufficient to use preamble for frequency tracking. As the time, frequency, and phase of the signal transmitted by device are all not accurate, the mid-amble cannot be used for channel estimation either. In addition, preamble and vacant duration can be used for interference measurement, there is no need to introduce mid-amble for this purpose.
[bookmark: _Toc166222238]Proposal 12: Mid-amble is not considered for D2R transmission.
As to post-amble for the indicating the end of R2D/D2R transmission, in our view whether it is needed or not depends on how flexible the TBS of R2D/D2R transmission would be. Post-amble is not needed if the TBS of R2D/D2R transmission is fixed, e.g., RN16 or EPC, or only a limited set of TBS is predefined and can be indicated by control information.
[bookmark: _Toc166222239]Proposal 13: Post-amble is not considered if TBS is fixed or a limited set of TBS is predefined.
2.4 Channel for feedback
Indoor command use case is one of the focuses of this SI. According to [6] feedback is needed for some important indoor command use cases, e.g., 5.11 Online modification of medical instruments status and 5.26 Elderly Health Care. The feedback is not used for triggering of HARQ re-transmission but to inform the reader whether the command has been executed or not. In topology 2 resources for the command transmission from intermediate node to an A-IoT device is allocated by gNB, hence the feedback should be reported to gNB as well. But whether the feedback should be a PHY layer signalling or higher layer signalling should be further studied. If PHY layer signalling is used a new A-PUCCH to convey the feedback information should be introduced. While if higher layer signalling is used UL data channel can be reused to convey the feedback information.
[bookmark: _Toc166222240]Proposal 14: Feedback to indicate whether an A-IoT device has successfully execute a command or not should be supported; intermediate node should transfer the feedback to gNB in topology 2; FFS whether the feedback is conveyed by PHY layer signalling or higher layer signalling.
2.5 Channel for random access
[bookmark: OLE_LINK2]In current NR system PRACH is mainly used for UL synchronization and contention resolution. However, as analysed in our companion contribution [7] timing advance estimation may not be needed for D2R transmission as the target coverage of the A-IoT link is only up to 50m. But in A-IoT communication it is possible that a reader triggers/schedules multiple A-IoT devices through one control signalling. For example, in slotted-ALOHA one Query or QueryRep command may trigger RN16 report from multiple A-IoT devices in the same slot. In this case PRACH-like channel is beneficial in terms of contention resolution. For details, please refer to our companion contribution [7].
[bookmark: _Toc166222241]Proposal 15: PRACH-like channel should be studied for contention resolution in A-IoT communication.
2.6 Periodic synchronization signal
In RAN1#116 meeting following agreements were achieved on PBCH-like channel and timing acquisition signal respectively [2]:
	Agreement
For ambient IoT devices, a dedicated physical broadcast channel for R2D, e.g. PBCH-like, is not considered for study.

Agreement
At least the following time domain frame structure is studied for A-IoT R2D and D2R transmission.
· For R2D transmission,
· A R2D timing acquisition signal (e.g. R2D preamble) is included at least for timing acquisition and for indicating the start of the R2D transmission in time domain.
· For D2R transmission,
· A D2R timing acquisition signal (e.g. D2R preamble) is included at least for timing acquisition and for indicating the start of the D2R transmission in time domain.
· FFS other necessary component(s), e.g. midamble, postamble, periodic sync signal, control fields, guard period



It was agreed that PBCH-like physical broadcast channel for R2D is not considered dedicatedly for A-IoT devices. The broadcast information, if it is needed, can be possibly transmitted as part of R2D channel. Besides the broadcasting channel, whether synchronization signal is needed or not is for FFS. For A-IoT, as also analysed in our companion contribution [8], periodic synchronization signal may be needed for the following functionalities:
1) Time synchronization
Periodic synchronization signal can be used to calibrate the clock of devices, such as to achieve coarse time synchronization before the device detecting preamble. 
2) Frequency synchronization for A-IoT devices with LO
A-IoT devices also needs to use synchronization signal to acquire frequency synchronization, especially for A-IoT device which needs to generate the RF signals itself. 
To facilitate the chip alignment between transmitter and receiver of A-IoT time domain, and maybe also in frequency domain, periodic synchronization signal is needed. The discussion on necessity and transmission manner can be found in our companion contribution in [8]. To design periodic synchronization signal in A-IoT, there are a lot of aspects and candidates that should be studied and discussed. However, by considering the characteristics of A-IoT devices and systems, simplicity and efficiency, periodic synchronization signal with fixed length and fixed sequence should be supported, which can dramatically minimize the complexity in synchronization procedure at both transmitter and receiver sides.
[bookmark: _Hlk163126740]To design the periodic synchronization signal in A-IoT, the following aspects can be further studied:
· Study the basic sequence for A-IoT periodic synchronization signal. In legacy NR, M-sequence is used as the basic sequence to generate PSS and SSS respectively using different cyclic shift. There are also a few candidates for the basic A-IoT periodic synchronization signal sequence, such as M-sequence, Gold sequence, ZC sequence, Pseudo-Noise sequence. For example, ZC sequence is used as the periodic synchronization signal generation in LTE, but its synchronization performance is degraded when there is frequency shift. For A-IoT, proper sequence shall be selected considering the detection complexity, the potential waveform that A-IoT device is able to support etc. 
· Study the necessity of PSS and SSS for A-IoT periodic synchronization signal. In legacy NR, M-sequence with cyclic shifts (0, 43, 86) is used to generate 3 different PSS which can be used to acquire synchronization timing. SSS is generated with 2 M-sequences to indicate 1008 different Physical Cell Identity (PCI). The detected PSS can help to decrease the detection number of SSS candidates to 336, which minimize the blind detection complexity. For A-IoT, there is no need to support mobility at least for the target use cases in Rel-19, much smaller number of Identities can be considered in order to reduce the detection complexity.
· Study the periodic synchronization signal is cell specific or group specific. In legacy NR, PSS/SSS is used to distinguish 1008 different PCI, which can be considered as cell specific configuration. In A-IoT, whether cell specific synchronization is reused is not determined, while A-IoT system can be very simple. Furthermore, the A-IoT devices can also be divided into different groups since there would large number of tiny devices, and group specific can help to enhance the management efficiency. In some case, e.g. when the A-IoT device number is small, A-IoT specific differentiation can also be considered. Especially in Topology 2, intermediate nodes may be needed to transmit periodic synchronization signal to A-IoT devices to align timing and/or frequency, and the same intermediate node may transmit different periodic synchronization signals when it is under different cell. Therefore, the number of different Identities is determined based on how to divide the A-IoT in cell specific, group specific or individually.
· Study the information/content that periodic synchronization signal can include in A-IoT. If the sequence is used only for synchronization to acquire timing and possibly frequency alignment, it is not necessary to carry any other information in periodic synchronization signal, and pure sequence can also help to minimize the complexity. If other information should be conveyed by periodic synchronization signal, e.g. cell/group identity, how to design the periodic synchronization signal, e.g. how many cyclic shifts can contain different number of identities, should be studied.
[bookmark: _Toc166222242]Proposal 16: Periodic synchronization signal with fixed length and fixed sequence should be supported for A-IoT. The following relative aspects can also be further studied:
· Basic sequence that can be used to generate synchronization signal.
· Single synchronization signal or multi-signal (e.g. PSS/SSS) can be used.
· Synchronization signal is cell specific, group specific or A-IoT specific.
· The information/content that synchronization signal can contain.
2.7 New Channel for Topology 2
In this SI topology 2 is supported to extend the connection between gNB and A-IoT device as illustrated in Figure 4 below, as captured in the SID the intermediate node is a UE type device under the control of NW. In this topology the time/frequency resource used by the intermediate node to transmit A-IoT control/data/signal and/or carrier wave should be allocated by the BS. In addition, the transmit power of the intermediate node toward A-IoT device should also be under the control of the BS. A new DCI format may be needed for the purposes above. As discussed above, if feedback between A-IoT device and the intermediate node is supported, the feedback should be transferred to the BS. If the feedback if conveyed by PHY layer signalling on Uu link some change to existing PUCCH transmission, including PUCCH resource/format determination, etc., is needed. 


[bookmark: _Ref158806026][bookmark: _Ref158806019]Figure 4 Topology 2
[bookmark: _Toc166222243]Proposal 17: A new DCI format should be introduced to schedule the intermediate node to transmit control/data/signal and/or carrier wave to A-IoT devices. FFS whether some change to existing PUCCH is needed to support transferring of the feedback from A-IoT device to intermediate node.
2.8 Proximity determination
One more objective of this SI is to study the feasibility and required functionalities for proximity determination. In the last RAN plenary meeting the objective was clarified as below [1]:
	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).


In current NR system proximity determination is dependent on positioning or ranging mechanism(s), the positioning or ranging mechanisms are based on GNSS signal or positioning signal transmitted/received by the devices, which are all beyond the capability of an A-IoT device. According to the SID, RAN3 is tasked to study the positioning of an A-IoT device. Whether additional work on proximity determination in RAN1 is needed or not is dependent on the outcome of RAN3 study. If needed, RAN1’s work should also be based on or at least take into account positioning mechanism(s) identified by RAN3.
[bookmark: _Toc166222225]Observation 4: The positioning or ranging mechanism(s) used in current NR system for proximity determination cannot be applied to A-IoT.
In the last meeting it was agreed that proximity determination based on device side measurements is not considered. But as per the discussion in the last meeting, it seems there are 2 different criteria of “near” being considered in RAN1:
· C1 (w/o additional spec impact): In radio domain, i.e., the device that can be inventoried is nearby.
· C2: In geographical domain, i.e., the device close to reader is nearby.
The criterion of “near” should be clarified by RAN plenary. As C1 has no additional specification impact, discussion in RAN1 later should base on C2. 
[bookmark: _Hlk166190893]For the issue of near determination difference caused by different devices transmitting power discussed in the last meeting, it can be left to reader implementation, e.g., reader knows in a priori whether the devices support amplification or not, or reader can measure phase difference of backscattered signal (in case of backscattering), or based on coordination among multiple readers.
[bookmark: _Toc166222226]Observation 5: The issue of near determination difference caused by different devices transmitting power can be left to reader implementation.
In case of C2, when is proximity performed, i.e. during inventory/command procedure or a separate procedure, should also be discussed.
[bookmark: _Toc166222244]Proposal 18: If proximity is determined based on measurement at reader, whether the proximity determination is a separate procedure should also be discussed.
3. Conclusion
In this paper we discussed the necessities and design principles of various DL/UL channels/signals for A-IoT, we have following observation and proposals:

Observation 1: To support the target use cases, such as indoor command, it is necessary to implement different reliability of R2D transmissions.
Observation 2: There exit broadcast transmission, groupcast transmission and unicast transmission in slotted-ALOHA access procedure. And both unicast and groupcast may be needed for support of command use case.
Observation 3: Control information needed for support of inventory use case and command use case may be different.
Observation 4: The positioning or ranging mechanism(s) used in current NR system for proximity determination cannot be applied to A-IoT.
Observation 5: The issue of near determination difference caused by different devices transmitting power can be left to reader implementation.

Proposal 1: Repetition or simple FEC should be introduced for R2D transmission, and for PRDCH generation, Repetition/FEC block should be added after CRC attachment block.
Proposal 2: All broadcast, groupcast and unicast should be studied for R2D transmission.
Proposal 3: Maximum TBS of 3048 bits should be studied as baseline.
Proposal 4: R2D control information should be introduced at least for indicating of R2D data transmission and allocating resource for D2R data transmission.
Proposal 5: Complexity and power consumption for R2D control information reception should be minimized, the following design principles should be considered: fixed MCS, no blind detection, minimal control information formats, and minimized FAR.
Proposal 6: Further study whether transmission schemes for DL control channel and DL data channel are always the same or can be different.
Proposal 7: RAN1 should conclude on the control information needed for A-IoT communication and corresponding transmission requirements firstly, then discuss how to transmit the control information; and the control information should be decoded independently if it is transmitted in same physical channel as data.
Proposal 8: Study necessary control information per use case; and transmitting control information as L1 signalling is studied as base line.
Proposal 9: If UCI is introduced in A-IoT communication PUCCH-like channel should also be considered.
Proposal 10: Clock-acquisition part of R2D timing acquisition signal should include X data-0 and Y data-1 chips, FFS X and Y.
Proposal 11: If FM0 or Miller coding is supported for D2R link, T=>R preambles defined for FM0 and Miller coding in RFID are used as starting point for timing acquisition signal design of D2R link, FFS the timing acquisition signal for other line coding if supported.
Proposal 12: Mid-amble is not considered for D2R transmission.
Proposal 13: Post-amble is not considered if TBS is fixed or a limited set of TBS is predefined.
Proposal 14: Feedback to indicate whether an A-IoT device has successfully execute a command or not should be supported; intermediate node should transfer the feedback to gNB in topology 2; FFS whether the feedback is conveyed by PHY layer signalling or higher layer signalling.
Proposal 15: PRACH-like channel should be studied for contention resolution in A-IoT communication.
Proposal 16: Periodic synchronization signal with fixed length and fixed sequence should be supported for A-IoT. The following relative aspects can also be further studied:
· Basic sequence that can be used to generate synchronization signal.
· Single synchronization signal or multi-signal (e.g. PSS/SSS) can be used.
· Synchronization signal is cell specific, group specific or A-IoT specific.
· The information/content that synchronization signal can contain.
Proposal 17: A new DCI format should be introduced to schedule the intermediate node to transmit control/data/signal and/or carrier wave to A-IoT devices. FFS whether some change to existing PUCCH is needed to support transferring of the feedback from A-IoT device to intermediate node.
Proposal 18: If proximity is determined based on measurement at reader, whether the proximity determination is a separate procedure should also be discussed.
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