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1 Introduction
This document provides the feature lead summary on the offline discussions/inputs/proposals for AI 9.4.2.3 on downlink and uplink channel/signal aspects for ambient IoT during RAN1#117. 
1.1 Contact Information
If not already provided, please consider providing your company name, your name and email address to be able to reach for any potential offline discussions/contact regarding AI 9.4.2.3 on downlink and uplink channel/signal aspects for ambient IoT.
	Company
	Name
	Email

	Apple
	Ankit Bhamri
	a.bhamri@apple.com

	CEWiT
	Deepak PM
	deepakpm@cewit.org.in

	NTT Docomo
	Weiqi Sun
	sunwq@docomolabs-beijing.com.cn

	Spreadtrum
	Mimi Chen
	Mimi.chen@unisoc.com

	Qualcomm
	Le Liu
	leliu@qti.qualcomm.com

	LG Electronics
	Youngdae LEE
	youngdae.lee@lge.com

	Vivo
	Zhipeng lin
Yuanyuan Wang
	zhipeng.lin@vivo.com
yuanyuan.wang.txyji@vivo.com

	Xiaomi
	Pengyu Ji
Ting Fu
	jipengyu1@xiaomi.com
futing@xiaomi.com

	FUTUREWEI
	Vip Desai
	vipul.desai@futurewei.com

	Panasonic
	Hamidreza Shariatmadari
Hidetoshi Suzuki
Shotaro Maki
Yang Kang
	hamidreza.shariatmadari@eu.panasonic.com
suzuki.hidetoshi@jp.panasonic.com
maki.shotaro@jp.panasonic.com
yang.kang@sg.panasonic.com

	Nokia/NSB
	Ganesh Venkatraman
	Ganesh.venkatraman@nokia.com

	Huawei, HiSilicon
	Zhe Jin
Sarun Selvanesan
	jinzhe.jinzhe@huawei.com
sarun.selvanesan@huawei.com

	CATT
	Fang-Chen Cheng
Ren Da
	fcc@catt.cn
renda@catt.cn

	SONY
	Martin Beale
	martin.beale@sony.com

	China Telecom
	Jing Guo
Yi Gu
	guojing6@chinatelecom.cn
guy6@chinatelecom.cn

	InterDigital
	Paul Marinier
Erdem Bala
	paul.marinier@interdigital.com
erdem.bala@interdigital.com

	Continental Automotive
	Reuben George Stephen
	reuben.george.stephen@continental-corporation.com

	Lenovo
	Xin GUO
Karthikeyan Ganesan
	guoxin9@lenovo.com
kganesan@lenovo.com



1.2 General Guidelines
Please follow the guidelines for offline discussions and input to FL summary as per R1-2403822:
1. No technical discussion and no attachment of documents via email thread on the email reflector
2. To avoid ending-up with too long file names and downloading/opening issues, the following naming convention is recommended:
a. Keep the previous company’s name (only the most recent one) in the filename, e.g. Summary-1-v000-Mod, followed by Summary-1-v001-Mod-Company1


2 Discussion/Inputs
This discussion for this agenda items is organized as follows:
· Topic 1: R2D channels/signals 
· R2D signals design including preamble/midamble/postamble
· R2D control information (including TB size)
· PRDCH design details
· Topic 2: D2R channels/signals 
· D2R signals design including preamble/midamble/postamble
· D2R control information
· PDRCH design details
· Topic 3: Proximity determination 
· Topic 4: Intermediate UE considerations for topology 2

2.1 Topic 1: R2D channels/signals 
2.1.1 R2D signals including preamble/midamble/postamble
	Company
	Proposals

	Ericsson [1]
	[bookmark: _Toc166257140][bookmark: OLE_LINK16]Observation 1: A start-indicator (delimiter) can be used for A-IoT devices if there is an RF power transfer session before R2D preamble transmission. 
[bookmark: _Toc166257141]Observation 2: A start-indicator (delimiter) is not needed for A-IoT devices which do not necessarily rely on RF energy harvesting.
[bookmark: _Toc165985843][bookmark: _Toc165991071][bookmark: _Toc166057074][bookmark: _Toc166057096][bookmark: _Toc166257162]Proposal 1: Start-indicator part can be optional for some A-IoT devices.
[bookmark: _Toc166257142]Observation 3: It is not necessary to use line coding in the clock-acquisition signal as a pre-defined OOK sequence with regular ON/OFF transitions can be used as a clock signal.
[bookmark: _Toc166257163]Proposal 2: Clock-acquisition signal can be based on pre-defined OOK sequences.
[bookmark: _Toc166257164]Proposal 3: If an R2D preamble transmission is followed by R2D control information, the chip duration can be indicated using the R2D control information.
[bookmark: _Toc166257165]Proposal 4: RAN1 to study if CFO correction can be acquired using the timing acquisition signal for all A-IoT device architectures.
[bookmark: _Toc166257145]Observation 6: If the purpose of a postamble is to indicate the end of a D2R/R2D transmission, there is no need for an explicit indication through a postamble, if the payload size of the subsequent D2R/R2D data transmission is configured/indicated by readers to devices. 
[bookmark: _Toc166257169]Proposal 8: RAN1 to study whether a PRDCH postamble can serve as an additional timing acquisition signal prior to a PDRCH transmission depending on the device’s timing capability.
[bookmark: _Toc166257146]Observation 7: If the time interval between an R2D transmission and the corresponding D2R transmission following it is too long, devices may lose the timing obtained from the R2D timing acquisition signal due to timing drift at the time for the D2R transmission.
[bookmark: _Toc163244030][bookmark: _Toc163253891][bookmark: _Toc163244031][bookmark: _Toc163253892][bookmark: _Toc163244032][bookmark: _Toc163253893][bookmark: _Toc166257170][bookmark: OLE_LINK18]Proposal 9: Study periodic and aperiodic synchronization signals for A-IoT devices.

	TCL [3]
	Observation 1: There is a fixed length (e.g., 12.5µs pulse width±5%) and all low level (e.g., bit 0 messages based OOK demodulation) for delimeter in RFID.
Observation 2: If start-indicator is all low-level like RFID, activation signal may be needed preceding preamble.
Observation 3: Line code can be used in start-indicator for implicit indicated functionality, e.g. chip length and backscattering link frequency (BLF), etc.
Observation 4: In RFID, the length of R=>T calibration in preamble is [2.5Tari~3Tari] (one tari value or tari length is regulated in the range of 6.25 µs to 25 µs), which is longer than delimeter (star-indicator).
Observation 5: Line code can be used in clock-acquisition part for implicit indicated functionality, e.g. chip length and backscattering link frequency (BLF), etc.
Observation 6: Different modulation and coding schemes can be used for midamble to be identified at device side more conveniently. 
Observation 7: The length and number of midamble is decided by R2D/D2R TBS or packet size. 
Observation 8: AIoT R2D signals may be considered to align the time and frequency domain resources of NR.
Proposal 1: Discuss different function of start-indicator part with flexible length and pattern, including activation functionality and implicit indicated functionality for chip length or other signaling.
Proposal 2: Discuss the feasibility and function of different M values for start-indicator, e.g., M={2, 4, 8, 10, 16}.
Proposal 3: For preamble structure, start-indicator part should be preceded clock-acquisition part.
Proposal 4: The length of clock-acquisition part should not be smaller than that of start-indicator part.
Proposal 5: Same line code and chip length should be set in start-indicator part and clock-acquisition part.
Proposal 6: Optional part in preamble can be considered for other functionality, including implicit indication and explicit indication, mute functionality for interference estimation, etc.
Proposal 7: Self-clocking using line coding should be postponed to discuss until the line coding types and charging/consuming schemes are decided. 
Proposal 8: The length of Midamble should be postponed to decide until R2D/D2R TBS or packet size is decided if Midamble is supported.
Proposal 9: Discuss the feasibility of midamble using OOK-1 waveform and PIE coding for R2D transmission if Midamble is supported.

	Nokia[4]
	[bookmark: _Toc166272987]The preamble may consist of two distinct fields, namely, a delimiter field to identify the start of a frame followed by a sync word carrying a known sequence of bits or samples to assist the tag to obtain the timing alignment.
[bookmark: _Toc166272988]Having a header field to identify the type of payload carried by the current PRDCH should be considered.
[bookmark: _Toc166273009]Study the need for a separate header field, which may or may not be a part of preamble, to carry the payload format indication message to utilize the same PRDCH channel for both control and data.
[bookmark: _Toc166272989]The use of midamble is needed to reacquire the timing synchronization for the device having large sampling offset, if the duration of the transmission lasts longer following the preamble.
[bookmark: _Toc166272990]Even with large sampling offset, midamble may not be needed if the payload length is short, since the initial timing alignment is carried out by the preamble sequence.
[bookmark: _Toc166272991]Terminating the PRDCH transmission with a postamble may provide two benefits, namely, the variable payload length and to provide timing acquisition before the subsequent transmission of either PDRCH or PRDCH, thus improving the detectability at both reader and the device, respectively.
[bookmark: _Toc163249395][bookmark: _Toc163249462][bookmark: _Toc163249506][bookmark: _Toc163249702][bookmark: _Toc163249812][bookmark: _Toc163250140][bookmark: _Toc166273010]Study in AI 9.4.2.2 the design of the R2D postamble that may contain a known stop sequence to indicate the end of the frame. 
[bookmark: _Toc166272996]Due to the limited capabilities of AIoT device, complex measurements based on reference signals, are quite challenging. In the case of device type 2a/2b, the AIoT device may perform simple measurement operations that can be useful for link adaptation. However, it is too early to exclude all types of measurements e.g. power based like RSSI, especially for AIoT device type 2a/2b.
[bookmark: _Toc166273016]RAN1 to study whether the signals like preamble, midamble, and postamble can be reused for reference signals and if so, then what kind of measurement metrics can be obtained that can be used to improve the detection performance.

	Huawei [5]
	[bookmark: _Ref163054384]Proposal 5: The R2D timing acquisition signal start indicator part is a fixed-length low voltage transmission to enable energy detection. The length of the start indicator is an integer multiple of the chip length.
Proposal 6: The R2D timing acquisition signal clock acquisition part includes at least two transition edges to enable transition edge detection for determining the chip length of each R2D transmission, and is of a fixed length. The duration between adjacent transition edges is an integer multiple of the R2D chip length.
Proposal 7: The R2D timing acquisition signal is required to be confined within one OFDM symbol at least for OOK-4 to guarantee the maximum transmission efficiency of R2D transmissions and make the signal design compact.
[bookmark: _Hlk166280719][bookmark: _Ref163054385]Proposal 8:The format of the R2D postamble is a constant voltage sequence which cannot occur in R2D data or preamble and is longer than twice the chip length.
· For Manchester line coding, the R2D postamble is assumed to be “111” chips.
[bookmark: _Ref163054386]Proposal 9: A midamble or reference signal for R2D is not needed, and hence is not studied further.
[bookmark: _Ref163054360]Observation 6: There is no need to study RRM measurements in Rel-19.
[bookmark: _Ref163054361][bookmark: OLE_LINK38]Observation 7: Measurements are either infeasible or insufficiently accurate to be defined at the A-IoT device.
[bookmark: _Ref163054387]Proposal 10: R2D measurements are not supported, and not studied further, for Ambient IoT for Rel-19.

	Intel [6]
	Proposal 1:
· For the preamble for R2D transmission;
· Start-indicator part has a fixed length. 
· Further study the pattern for clock acquisition part, pending on the decision of whether Manchester or PIE encoding is used as line coding for R2D transmission.

	Spreadtrum [7]
	Proposal 1: Two parts should be included in the R2D preamble:
· Start-indicator part: a low voltage signal
· Clock-acquisition part: synchronization sequence that indicates the duration between two transition edges 
Proposal 2: Postamble is supported for R2D transmission, and the sequence is different from preamble and PRDCH.

	Samsung [8]
	Proposal 2: For R2D, study a start indicator based on a short sequence, in addition to a fixed length low voltage signal, to facilitate the purpose of WUS and the start-of-signaling indication.
Proposal 4: For R2D, study a clock acquisition part considering different encoding schemes (i.e., Manchester and PIE), while the clock acquisition part has a fixed structure for a given encoding scheme which does not require a blind detection at a device side. 
Proposal 6: For R2D transmission, a presence of a midamble is known by a target device either explicitly or implicitly.
· Explicit indication is provided in the header field of PRDCH such as the number of payload segmentations and the payload segment size.
· Implicit indication is based on either the PRDCH message type and/or the total payload size indicated in the header field of PRDCH. 
Proposal 9: For both R2D and D2R transmission, study a postamble with a short sequence for end-of-signaling indication purpose.

	Vivo [9]
	[bookmark: _Ref166246981]Observation 1: Whether clock-acquisition part is sufficient for device 2b depends on the assumption on the maximum frequency offset of LO in device 2b and BW allocated for AIoT deployments.
Observation 2: Whether clock acquisition is sufficient for device 2b should be based on CFO of LO, e.g., at a few hundred ppm, rather than SFO of  ppm assumed for device 1 and device 2a.
Observation 3: Other than D2R timing acquisition functionality, no additional functionalities of the preamble are necessary for D2R transmissions.
Observation 4: If postamble is used to determine the ending of PDRCH transmission, mis-detection and false alarm of postambe detection will lead to PDRCH not decodable. 

Proposal 3: The start indicator part of the preamble of R2D transmission consists of low voltage transmissions, and two following options can be studied:
· Option1. the start indicator part consists of low-voltage transmission with fixed length
· Option2. the start indicator part consists of low-voltage transmission with variable length
Proposal 4: If PIE is used for R2D transmission, the design of the R2T preamble of RFID can be considered as baseline for R2D preamble, i.e., the clock acquisition part consists of a transmission of data-0, a transmission for R2D calibration, and may also include a transmission for D2R calibration.
Proposal 5: If Manchester is used for R2D transmission, the clock acquisition part of R2D preamble consists of X chips, where the length of a chip in the X chips is the same as the length of a chip of the following PRDCH.
· FFS whether X is fixed or variable, and the value of X
Proposal 6: Study the design of preamble to reduce impact of CP on chip length estimation and end of preamble determination, e.g., the last OOK chip of an OFDM symbol carrying clock acquisition part of preamble is OOK OFF state. 

	Lenovo [10]
	Proposal 3: Study a start-indicator part in preamble as a pre-known sequence to devices. 
Proposal 6: Study a postamble at the end of a R2D transmission for indicating the end of the PRDCH transmission. 
Proposal 8: Study preamble design containing wide pulse tolerating large timing errors at the beginning followed by narrower pulse duration achieving finer synchronization needed for the R2D reception.
Proposal 9: The preamble designed using OOK chips preceding R2D contains multiple part:
· The first part of the preamble contains wide pulse duration generated using OOK-4, M=1 at the beginning duration 
· The second part of the preamble contains narrow pulse duration using OOK-4, M>1 following the first part of the preamble 
· The third part contains sync word as delimiter with narrower pulse duration. 
· R2D reception at the device determines the chip duration using the second part of the preamble.  

	Apple [11]
	Proposal 7: For R2D time acquisition signal, if it is agreed to study variable length of clock acquisition part, then no additional part is indicated to indicate the length of clock acquisition part and it can be determined based on the length of the start indicator part length
· Variable length of start indicator part can be studied to signal the length of the succeeding clock acquisition part
Proposal 8: For R2D time acquisition signal, study variable length to indicate different transmission schemes for PRDCH for signaling what R2D information type is mapped to the PRDCH including data, control, system information.
Proposal 9: For the R2D time acquisition signal, for the start indicator part, low-voltage continuous transmission for a pre-defined duration(s) should be studied as the baseline

	CATT [12]
	Proposal 3: The start-indicator part (SIP) of R2D preamble should be a pre-defined sequence with fixed-length low voltage and fixed length high voltage. The sequence of the SIP should be different from the sequence of subsequent PRDCH transmission and never occur in a PRDCH.
Proposal 4: Clock-acquisition part (CAP) of R2D preamble should use the same encoding method and chip duration as the PRDCH transmitted subsequently, such as Manchester coding. 
Proposal 5: The device can determine the chip duration by detecting the minimum length between the rising and falling edges of the CAP sequence, or by detecting the length of low voltage of the SIP.
Proposal 6: Except for the SIP and CAP, there is no need to introduce any other part for R2D preamble, and the above preamble design is applicable to devices 1/2a/2b
Proposal 7: There is no need to introduce R2D midamble for A-IoT downlink communication.
Proposal 8: R2D postamble should not be introduced to indicate the end of PRDCH transmission. TBS indication should be used to implicitly indicate the packet size and transmission time interval and could be included in the control information of PRDCH.

	China Telecom [13]
	Proposal 1: Symbol-level time unit alignment related design in RFID can be utilized for preamble design in R2D transmission.
Proposal 2: Two potential preamble designs for R2D transmission can be considered:
· Type 1: Preamble consists of Start-indicator part + Clock-acquisition part.
· Type 2: Preamble consists of Start-indicator part + Clock-acquisition part + R2D Cal part.
Proposal 3: The Start-indicator part may consist of an empty time duration for cleaning functions.
Proposal 4: The Clock-acquisition part may consist of several chips with the repetition of a single chip.
Proposal 5: The R2D Cal may consist of several symbols, several durations or just the repetition of the Clock-acquisition part, which is optionally needed based on the timing error level.

	CMCC [14]
	Observation 1: By using the start-indicator part with a duration of low voltage, a device can simply, and power efficiently determine that a R2D transmission is starting by energy detection.
Observation 2: For CFO estimation or calibration, additional pilot signal part in R2D preamble and correlation operation at device side is required, which is not smart from harmonized design perspective, and not feasible for device 1 and device 2a/2b with RF ED architecture.
Observation 3: For small transport block size with only a few bits, the presence of long postamble generates large resource overhead. For large payload size with more bits, postabmble is much flexible.
Proposal 1: For the R2D timing acquisition signal immediately preceding the transmissions of a physical channel, the preamble should always include the start-indicator part.
Proposal 2: The start-indicator part in a R2D preamble can be considered as a duration of low voltage.
Proposal 3: For the clock-acquisition part in a R2D preamble:
· It should include an integer of the length of the coded bit 0/1 to provide the OOK chip duration/length of the subsequent PRDCH. The length can be as long as possible while considering the overhead.
· Using the clock-acquisition part to provide the OOK chip duration/length of the subsequent PDRCH can also be studied.
Proposal 4: Preamble optimization for device 2b is not pursued in the study.
Proposal 5: For R2D transmission in Ambient IoT, if line code including PIE and/or Manchester is considered in the study, midamble is not needed.
Proposal 6: To determine or derive the end of PRDCH transmissions, consider both options:
· Option 1 (as baseline): R2D postamble immediately follows the PRDCH to indicate the end of the PRDCH.
· Option 2 (at least in case of small packet size): Based on R2D control information.
Proposal 7: For R2D postamble immediately follows the PRDCH to determine the end of transmission, postamble can be a duration of high voltage longer than the continuous OOK ON chips in R2D preamble and data transmissions.

	ZTE [17]
	[bookmark: _Toc21392][bookmark: _Toc6954][bookmark: _Toc27352][bookmark: _Toc166269131]Proposal 8: In addition to chip duration, the preamble may also consider including the following information: the CP length, the length of OFDM symbol, or the M value.
[bookmark: _Toc14782][bookmark: _Toc5092][bookmark: _Toc166269122]Observation 3: A predefined sequence can be used as start-indicator part.
[bookmark: _Toc23608][bookmark: _Toc20078][bookmark: _Toc166269123]Observation 4: Fixed duration of low voltage cannot be used as start-indicator part if EH signal (or high voltage) is not transmitted before it.
[bookmark: _Toc13390][bookmark: _Toc25310][bookmark: _Toc10062][bookmark: _Toc26849][bookmark: _Toc166269132]Proposal 9: For the start-indicator part, the following factors should be taken into account: 
· [bookmark: _Toc1892][bookmark: _Toc12298][bookmark: _Toc30250][bookmark: _Toc32105][bookmark: _Toc166269133]whether the EH signal (or high voltage) is transmitted before R2D transmission, 
· [bookmark: _Toc2674][bookmark: _Toc19983][bookmark: _Toc31789][bookmark: _Toc10520][bookmark: _Toc166269134]the length of the start-indicator part, 
· [bookmark: _Toc15500][bookmark: _Toc26966][bookmark: _Toc27919][bookmark: _Toc27307][bookmark: _Toc166269135]the CP handling.
· [bookmark: _Toc16790][bookmark: _Toc5826][bookmark: _Toc166269136]FFS: whether to indicates the following information: the CP length, the length of OFDM symbol, or the M value.
[bookmark: _Toc15240][bookmark: _Toc18166][bookmark: _Toc17404][bookmark: _Toc166269137]Proposal 10: When designing the clock-acquisition part, the following factors should be taken into account: 
· [bookmark: _Toc30977][bookmark: _Toc8504][bookmark: _Toc23550][bookmark: _Toc166269138]the length of the clock-acquisition part, 
· [bookmark: _Toc25722][bookmark: _Toc9175][bookmark: _Toc22610][bookmark: _Toc166269139]the CP handling.
· [bookmark: _Toc9974][bookmark: _Toc27642][bookmark: _Toc166269140]FFS: whether to indicates the following information: the CP length, the length of OFDM symbol, or the M value.
[bookmark: _Toc12782][bookmark: _Toc30720][bookmark: _Toc16405][bookmark: _Toc22024][bookmark: _Toc166269141]Proposal 11: To determine or derive the end of PRDCH transmission, study R2D postamble immediately following the PRDCH. 
· [bookmark: _Toc5150][bookmark: _Toc11259][bookmark: _Toc166269142]Note： The overhead of postamble should not be large compared with TBS indication.
[bookmark: _Toc3337][bookmark: _Toc7479][bookmark: _Toc1082][bookmark: _Toc9281][bookmark: _Toc166269143]Proposal 12: If CRC is attached for the R2D transmission, the postamble is appended at the end of the R2D transmission; otherwise, the postamble is omitted.


	Honor [18]
	Proposal 3: Support adding R2D/D2R control in the preamble which can at least indicate the message type or the type of control message.

	Fujitsu [19]
	Proposal 1: To increase the probability of successful identification of the start of R2D transmission, the start-indicator in R2D preamble should be obviously different from line coding rule of PRDCH. Two candidates can be considered:
· The start-indicator includes long duration of high level.
· The start-indicator includes long duration of low level.
Observation 1：Before the start indicator, a continuous signal of the level opposite to the long duration level of the start indicator is necessary for the detection of the start indicator, i.e.,
· If the start-indicator in R2D is identified by a long duration of low level, a continuous high-level R2D signal before the start of R2D transmission is needed. For example, the reader transmits high-level when no need to transmit PRDCH or to receive PDRCH.
· If the start-indicator in R2D is identified by a long duration of high level, a continuous low-level R2D signal before the start of R2D transmission is needed. For example, the reader is mute when no need to transmit PRDCH or to receive PDRCH.
Proposal 2: The start-indicator in R2D preamble includes a long duration of high level.
Proposal 3: The chip duration of subsequent PRDCH is indicated by the clock-acquisition part of R2D preamble.
Proposal 4: If Manchester code is adopted for PRDCH, the clock-acquisition part of R2D preamble could be at least two successive “1” bits or two successive “0” bits.

	Xiaomi [20]
	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 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.

	NEC [21]
	Proposal 1: PRDCH control information indicates the data rate / line code chip duration by clock-acquisition part of timing acquisition signal.

	ETRI [22]
	Proposal 1: The length of a start-indicator part in the R2D preamble is fixed as a starting-point.
Proposal 2: Study on the pattern of the R2D preamble after discussion of other functionalities of the R2D preamble.
Proposal 3: Study on the necessity of midamble and/or postamble along with discussions on other aspects.

	Oppo [24]
	[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. 
[bookmark: _Toc166222239]Proposal 13: Post-amble is not considered if TBS is fixed or a limited set of TBS is predefined.
[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.

	LGE [25]
	Proposal 1: RAN1 assumes that PRDCH and PDRCH are used to carry at least L2 control information (e.g. MAC header and MAC CE, if any) and data (e.g. MAC SDU) which will be defined by RAN2. RAN1 will study whether to support preamble/midamble/postamble and any L1 control information on PRDCH and PDRCH.
Proposal 2: For PRDCH including command with a known fixed TBS, command ID implicitly indicating a known size of a fixed TB is included in L1 control information immediately preceding a TB. In this case, neither TBS indication nor postamble is needed for the PRDCH transmission.
Proposal 4: For PRDCH/PDRCH with a variable TBS, RAN1 studies the following options:
· Option 1: Postamble follows PRDCH transmission without padding.
· Option 2: TBS indication can be included in R2D L1 control information. FFS with/without postamble.
· If actual TBS is equal to one of TBS candidate values, TBS indication indicates the TBS value without padding or postamble.
· FFS if actual TBS is less than one of TBS candidate values. 
Observation 3: The clock information may be included in the R2D transmission with line coding, so it doesn’t seem clear that the benefits of including additional sync signals (e.g., midamble/postamble) in time domain frame structure of R2D transmission.

	Panasonic [26]
	Proposal 4: The midamble should not be considered for the R2D transmissions.

	NTT Docomo [27]
	Proposal 1:
· Following aspects can be studied for the design of R2D preamble.
· Accuracy of detection of start-indicator
· Accuracy of chip synchronization
· Complexity and power consumption of detection at A-IoT device
· Differentiation between start indicator part, clock acquisition part and PHY channel
Proposal 2:
· Study following options considering function of clock acquisition part.
· Option1: chip duration of subsequent PHY channel and chip boundary are determined from clock acquisition part.
· Option2: only chip boundary is determined from clock acquisition part. 
· Chip duration of subsequent PHY channel may be fixed or indicated by control information.
Proposal 3:
· Study following options for start indicator part in R2D preamble.
· Option 1: low voltage with fixed duration
· Clarify the assumption whether there should be always high voltage before the start indicator part.
· Option 2: a sequence of chip ‘0’s and chip ‘1’s
· Chip duration of the sequence is fixed or indicated by control information.  
Proposal 4:
· Study following options for clock acquisition part in R2D preamble if Manchester coding is used.
· option1: the clock acquisition part consists of chips {01}. 
· option2: the clock acquisition part consists of chips {10}.
· Chip duration of clock acquisition part is the same as subsequent PHY channel.
Proposal 5:
· Study following options for clock acquisition part in R2D preamble if PIE coding is used.
· option1: the clock acquisition part consists of chips {0}. 
· option2: the clock acquisition part consists of chips {10}.
· Chip duration of clock acquisition part is the same as subsequent PHY channel.
Proposal 6: 
· For the R2D timing acquisition signal, study a preamble with one part, i.e., a sequence of chip ‘0’s and chip ‘1’s. Start of R2D transmission and chip boundary is determined from the one-part R2D preamble.
· Chip duration of the R2D preamble and subsequent PHY channel is fixed or indicated by control information.
Proposal 7: 
· Study temporarily periodic R2D sync signal without subsequent PHY R2D channel.

	Qualcomm [31]
	Observation1:
· For the start-indicator of R2D transmission, 
· A power-ON/OFF portion is needed for AGC and OOK rising/falling edge threshold setting.
· A predefined OOK pattern/sequence is needed to uniquely identify the starting of the R2D transmission, which should be different from that of the remaining part of the preamble.
· For the clock-acquisition part, an OOK pattern/sequence can be used to indicate the OOK chip duration by detecting the rising/falling edges of the OOK pattern/sequence. 
· The OOK chip duration needs to be uniform after CP insertion.
· The total length of the OOK pattern/sequence should be long enough to enable device clock sampling frequency calibration.
· The frequency synchronization part may be additionally needed at least for device 2b.
Proposal 1:
For the R2D timing acquisition signal, 
· Study the start-indicator part to have a power-ON/OFF portion for AGC/threshold setting and a predefined OOK pattern/sequence, different from that of the remaining part of the preamble.
· Study the clock-acquisition part to have a OOK pattern/sequence with uniform OOK chip duration after CP insertion.
· FFS: the length of the clock-acquisition part needed for device clock sampling frequency calibration.
· Study the additional part for frequency synchronization.

	Comba [33]
	Proposal 1: The R2D preamble consists of the following two parts:
· A delimiter part: Indicates the start of the R2D transmission, as a fixed-length low voltage, the length of the delimiter part should be an integer multiple of the chip length. 
· A clock-acquisition part: Determines at least the chip duration of the succeeding R2D transmission, includes at least two transition edges. The duration between adjacent transiton edges should be an integer multiple of the chip length.
Proposal 2: Postamble is needed at the end of the downlink transmission to signal the terminination of downlink and the postamble sequence for PRDCH should be different from any of PRDCH. 
Proposal 3: For R2D transmission, midamble is not needed if line coding is applied for R2D transmission.

	Cewit [34]
	Proposal 1: Support common pattern as start indicator for group of devices.
Proposal 2: Support following options for indication of pattern as start indicator :
a) Fixed pattern specified in standards.
Can be configured in system information.



[Open] 1st Discussion Round 
~25 companies provided their views on the design details for the R2D time acquisition signal including the start indicator part and the clock-acquisition part. 
· For the start indicator part, mainly two options have been considered with regards to the transmission pattern
· Option 1: Low-voltage transmission
· This is based on assumption that there is a high-voltage transmission before the start indicator part, like RFID. However, we have no such agreement currently for ambient IoT. Therefore, if no high voltage transmission is ongoing before the start indicator, then just including low-voltage transmission for start indicator part may not be reliable to indicate the start of R2D transmission
· Option 2: ON/OFF (High/Low) voltage transmission
· This design pattern assumes that there may not always be a high-voltage transmission before a start indicator. Therefore, the power ON/OFF pattern should be included in the start indicator part
· Regarding the length of the start indicator part, majority view is to have fixed length, however, a few companies consider studying variable lengths for start indicator part.
· For the clock acquisition part, multiple aspects are discussed including
· Majority of the companies that discussed the functionality of clock acquisition part propose to use clock acquisition part for determining the chip duration by detecting the rising/falling edges. This will allow to apply corresponding chip duration for the subsequent R2D transmission
· Additionally, multiple companies proposed to use same line encoding scheme as that used for the subsequent physical channel transmission, e.g. Manchester coding or PIE coding and a specific/fixed pattern is considered depending on the coding scheme
· Furthermore, some companies consider if clock-acquisition part can additional be utilized for D2R calibration and/or frequency synchronization
Additionally, companies have the discussed whether midamble and postamble are needed or not for R2D transmission. However, as clarified in RAN1#116bis, the presence/absence of these signals is discussed under agenda 9.4.2.2. In this agenda, we can focus on the design details, if needed. From FL perspective, multiple companies discuss the presence of postamble and corresponding design. Therefore, we can discuss design details for at least postamble, conditional on the discussion under agenda 9.4.2.2. Two companies proposed that postamble should be a constant high-voltage transmission for a duration that is longer than the continuous ON chips in the R2D transmission. 
Based on above views, proposal 2.1.1-1, proposal 2.1.1-2 and proposal 2.1.1-3 are provided by FL for inputs. 

(HP) Proposal 2.1.1-1
· For the start-indicator part of the R2D time acquisition signal, study and down-select from following patterns:
· Option 1: ON/OFF pattern i.e. high/low voltage transmission for at least length X
· FFS: Exact pattern
· Option 2: OFF pattern, i.e. low voltage transmission for at least length X
· FFS: value of X
· FFS: whether/what additional length(s) of start-indicator part is required
· FFS: whether any additional pattern/sequence is included in the start-indicator part
	Company
	Please provide your inputs to Proposal 2.1.1-1

	FUTUREWEI1
	Okay with proposal

	InterDigital
	Ok

	LG Electronics
	ok

	Continental Automotive
	Is X intended to be a fixed value for all devices? A variable value of X which can be configured by the network must be considered, as activation time for different devices change depending on many factors.

	NTT Docomo
	Agree

	Vivo  
	‘at least length X’ and the FFS additional length(s) are not clear. Does it mean that at least a single length, i.e., X, is supported, but other length (can be larger or smaller than X) can be further studied, or does it mean that X is considered and the additional length if agreed should be no shorter than X? Hope FL could clarify.
The main bullet says that the two options are for down-selection, but the principles/criterions for down-selection are not clear. For example, should we make the down-selection considering the potential spec efforts, complexity/simplicity, power consumption? Without the guidance, it is unclear how to make the selection.
The motivation of the last FFS is also not clear. The two options are for indicating the preamble start, what is the purpose of adding additional pattern/sequence?

	Mod1 (Apple)
	@Continental Automotive: Due to consideration of harmonized design,  device types association is not considered here.
@Vivo: In the main bullet we essentially, consider at least one value, i.e. X. Then we can further discuss if additional values need to be considered or not. Exact additional values, if considered, cam be smaller or larger. For down-selection, at least based on contributions, one aspect is whether there is high voltage transmission before the start indicator or not. Basically, some companies consider RFID like behavior where there is high-voltage transmission before start indicator. But some companies consider that we may not always have high-voltage transmission before start indicator. Therefore, currently both options are kept. But once companies could align on above assumption, we could down-select. Some companies proposed additional pattern/sequence for frequency synchronization. This can be further studied based on last FFS


	TCL
	It seems that length X means a fixed value combined with the third bullet “whether/what additional length(s) of start-indicator part is required. To our understanding, X should be clarified. In addition, same line coding method may be used like that of clock-acquisition if not to consider OFF pattern. Thus, we suggest adding one sub-bullet “FFS: line code ways for start-indicator part” under option 2.

	Xiaomi
	Considering monitoring a fixed length of low voltage can save more power than monitoring a exact pattern of sequence, Option 2 is more preferred.

	Lenovo
	OK

	Samsung
	The current proposal looks good. Among the two options, we prefer Option 1, as for Option 2, we can’t ensure CW transmission on R2D reception band as in RFID system, i.e., depending on the topology and use of large FS. Furthermore, we should strive for harmonized design across device types. 

	[OPPO]
	As per the clarification of in Mod1, the 2nd last FSS seems to mean a start indicator with same pattern, but different length (in addition to X) may be required, if the case, maybe we can clarify it a bit:
FFS: whether/what different additional length(s) of start-indicator part with same pattern, but different length is required

For Option 1, X is for each of ‘On’ duration and ‘OFF’ duration or for both of them, it should be clarified. 

	Qualcomm
	The 2nd/3rd FFS seem related. If different length X is supported, it could be different pattern/sequence.
For clarification, in Opt1, does it mean only one ON and one OFF? Or it can be a pattern of multiple on/off combinations.

	Panasonic
	Generally, we are fine with the proposal. As vivo said, “at least length X” should be clarified. The current form implies that a minimum length of X should be defined, and larger duration could be considered if needed.

	Huawei, HiSilicon
	In our view, the start indicator should be a fixed length low voltage signal that can be easily distinguished and detected by the energy detector of the device from the preceding high-voltage energy signals. The low-voltage transmission enables the power consumption of the energy detector to be lower than the information detector for the device. Thus, the low-voltage start indicator can enable the device to consume less power to detect the time acquisition signal. The start indicator duration is also required to be kept constant for different OOK chip lengths to achieve low-complexity and power consumption of the start indicator detection.
The issue with the ON-OFF pattern is that it would be difficult to differentiate this sequence from the PRDCH transmission. Another issue is that for the device to be able to detect this pattern, it would need to be stored within the device for it to be able to determine the start of the PRDCH. This would be challenging given the lack of memory at device 1.

	Ericsson
	For Option 1, is the high voltage used for RF energy harvesting? If so, is the intention to count it as start-indictor and to define its length of at least X?
We think RF signal for EH is not counted as start-indicator.

	Mod2 (Apple)
	@Qualcomm: Intention of option 1 is to no only have single low voltage or single high voltage. Specific pattern is FFS.
@Huawei, Ericsson: Unlike RFID, currently, we have no agreement or assumption, that there is a high-voltage transmission before the start indicator part. Therefore, companies think that start indicator part needs some ON/OF sequence. Intention of start indicator is not to be used/counted for energy harvesting. 
Based on comments, updated proposal here for offline session 1
(HP) Proposal 2.1.1-1A
· For the start-indicator part of the R2D time acquisition signal, study and down-select from following patterns:
· Option 1: ON/OFF pattern i.e. high/low voltage transmission for at least length X
· FFS: Exact pattern and length
· Option 2: OFF pattern, i.e. low voltage transmission for at least length X
· FFS: Length
· FFS: value of X
· FFS: whether/what additional length(s) of start-indicator part is required
· FFS: whether any additional pattern/sequence is included in the start-indicator part




(HP) Proposal 2.1.1-2 (updated)
· The clock-acquisition part of the R2D time acquisition signal is used to determine the OOK chip duration for the subsequent R2D physical channel by detecting the rising/falling edges
· Duration between adjacent transition edges is an integer multiple of the OOK chip length
· Same coding and same chip duration is applied for the clock-acquisition part as that for the subsequent R2D physical channel, e.g. Manchester coding or PIE coding
· FFS: Exact pattern depending on the coding
· At least a fixed sequence of length Y is studied
· FFS: whether/what additional length(s) of clock-acquisition part is required fixed or variable
	Company
	Please provide your inputs to Proposal 2.1.1-2

	InterDigital
	Ok

	LG Electronics
	OK

	NTT Docomo
	We think there can be following possibilities for chip duration and can to be discussed. 
· Determine from clock-acquisition part
· Explicit indication in control information. In this case, clock acquisition part is not used to determine chip duration. 
And we have a question for the first sub-bullet. Why duration between adjacent transition edges is an integer multiple of OOK chip? We feel that duration between adjacent transition edge equals to one OOK chip.

	Vivo  
	‘by detecting the rising/falling edges’ should be removed, it would better to focus on the pattern of the signal instead of how the duration is detected at device side.
· The clock-acquisition part of the R2D time acquisition signal is used to determine the OOK chip duration for the subsequent R2D physical channel by detecting the rising/falling edges
We agree that same coding should be applied to clock-acquisition part and PRDCH, in addition, the chip length of the clock-acquisition part should be the same as that of the following PRDCH. Thus the proposal can be revised as following ：
· Same coding and same chip length is applied for the clock-acquisition part as that for the subsequent R2D physical channel, e.g. Manchester coding or PIE coding
For the below two bullets, our understanding of the ‘At least a fixed sequence of length Y is studied’ is that the sequence pattern is fixed, but the total duration Y is not decided yet because the chip length may change. However, the FFS seems to imply that Y is also fixed because FFS talks about whether additional length is needed, could FL please kindly clarify?
· At least a fixed sequence of length Y is studied
· FFS: whether/what additional length(s) of clock-acquisition part is required
We suggest the following change to make it clear
· At least a fixed sequence of length Y is studied
· FFS: whether/what additional length(s) of clock-acquisition part is required fixed or variable

	Mod1 (Apple)
	@NTT Docomo: Based on contributions, majority of companies this that clock-acquisition part is sufficient to determine chip duration and there is no need or benefit of explicitly signaling the chip duration via R2D control information. Regarding the duration between adjacent transition edges, it is argued that at least two transition edges in the same direction needs to be included since it is an easy implementation for the device to count samples between the two transition edges in the same direction. Anyways, currently, I keep the text general in terms of integer multiple. Eventually, the integer multiple could be just “1”, if needed.

@Vivo: Thanks for updates and I updated the proposal accordingly. 

	TCL
	“Detecting the rising/falling edges” is not unique way for R2D signal, thus, we think similar statements should be removed in this stage. In addition, the design of clock-acquisition part should consider coding rate for different device capabilities. 

	xiaomi
	OK

	Lenovo
	We think the motivation behind setting duration between adjacent transition edges as an integer multiple of the OOK chip length needs a clarification. The clock acquisition can have wider pulse width at the beginning to compensate for the timing error and narrow pulse width followed by it to support the data. 

	Samsung
	We are fine with the proposal in high-level, although the second bullet point can be clarified a bit as follows:
· The clock-acquisition part and the subsequent R2D physical channel are encoded with single identical scheme, i.e., if the clock-acquisition part is encoded with PIE (or Manchester), then the subsequent R2D physical channel is also encoded with PIE (or Manchester).
FFS: Exact pattern of the clock-acquisition part depending on the encoding scheme

	Qualcomm
	We think the preamble cannot be too complicated. If it is used to indicate the chip duration, it can indicate the basic chip duration(s), which can be supported by different devices. For the physical channel carrying R2D control, the basic chip duration can be used and indicated by preamble. But for physical channel carrying R2D data, the data rate could be more variable/flexible than R2D control, which can be indicated by R2D control, rather than directly by preamble. 
So, for the main bullet, we suggest adding ‘for the subsequent R2D physical channel carrying at least R2D control’.
The subbullets may need to wait for the general aspect progress in 9.4.2.1, because it is related with CP of OOK waveform and R2D coding.
Also, the wording of a fixed sequence is not clear. If it is fixed, how to indicate different chip duration. 

	OPPO
	“coding” in the 2nd sub-bullet should be “line coding”.
We are fine with other bullets.

	Nokia
	Ok. However, it would be better to clarify that the clock reference signal provides the reference duration for all symbol types as PIE uses different duration to indicate the bits.

	Huawei, HiSilicon
	We are in general fine with the proposal, with the following comments:
· We would like to go one step further and retain the “by detecting the rising/falling edges” in order to define how the device would be able to determine the chip length, where the duration between adjacent transition edges is an integer multiple of the R2D chip length.
· The clock acquisition part need not be of a fixed length, but the entire time acquisition signal needs to be confined to within one OFDM symbol at least for OOK-4 to guarantee the maximum transmission efficiency of R2D. If the time acquisition signals occupy multiple OFDM symbols, the CP inside the time acquisition signals will impact the detection of the time acquisition performance.

	Ericsson
	We agree with DCM that chip duration indicated in control information in R2D data can be considered. 
As an example, the control information is transmitted with a fixed format, chip duration and coding for easy and robust decoding. It can indicate chip duration and TBS for the subsequent R2D data.
The design of the clock signal can be discussed first. For example, if an OOK pattern should be used for the clock signal. There is no agreement that suggests that the clock signal should use line coding. Whether it is used to indicate additional information about PRDCH such as line coding and chip duration can be discussed at a later stage. 

	Mod2 (Apple)
	Based on comments received, the proposal is further updated for offline discussion:
(HP) Proposal 2.1.1-2A
· The clock-acquisition part of the R2D time acquisition signal is used to determine the OOK chip duration for the subsequent R2D physical channel with at least the R2D control information by detecting the rising/falling edges
· Duration between adjacent transition edges is an integer multiple of the OOK chip length
· FFS: whether same coding is applied for the clock-acquisition part as that for the subsequence physical channel
· Same coding and same chip duration is applied for the clock-acquisition part as that for the subsequent R2D physical channel, e.g. Manchester coding or PIE coding
· FFS: Exact pattern depending on the coding
· At least a fixed sequence of length Y is studied
· FFS: whether/what additional length(s) of clock-acquisition part is required fixed or variable





Proposal 2.1.1-3
· If R2D postamble is considered, then the R2D postamble immediately follows the PRDCH and can be a duration of high voltage longer than at least two OOK ON chips 
· FFS: Exact length of postamble 
	Company
	Please provide your inputs to Proposal 2.1.1-3

	LG Electronics
	To begin with, we may need to discuss need for R2D postamble.

	NTT Docomo
	Same view as LG. 

	Vivo  
	First, same view as LG, the need of postamble should be discussed. And we are not sure why only high voltage is considered, several companies proposed sequence based postamble as well. The major concern about the R2D postamble is that it may lead to false alarm and PRDCH miss-detection, we are not sure why high voltage longer than at least two OOK ON chips could eliminate this issue. In case of high interference/noise, the device still can miss-interpreter other signals as high voltage and thus consider the transmission is terminated by mistake. 
Third, we think the purpose of R2D postamble is the proposal should be clarified, the purpose would impact how the postamble should be formatted and we have only agreed that the R2D postamble for the end indication.

	Mod1
	This proposal doesn’t imply that we will support R2D postamble. However, not to hold up discussion in terms of design, the intention of this proposal is to collect views or preferences in terms of R2D postamble if it will be agreed. Yes, here also the intention is to utilize R2D postamble for end indication. On length/duration, at least 2 OOK ON chips is considered, but of course if it seems necessary, longer duration is not precluded. 

	TCL
	Same views as vivo

	xiaomi
	OK, but we think the length of postamble should also be an integer number of OOK chips

	Panasonic
	We think the need of postamble should be justified first.

	Nokia
	Same as vivo.

	Huawei, HiSilicon
	We agree with the proposal.
The postamble has to be designed such that the sequence is different from any of the timing acquisition signal and data part in PRDCH for the device to determine the end of the PRDCH transmission. For example, if the line coding of PRDCH is Manchester coding, the coding sequence of the postamble can be longer than 2 high-level voltages, which will never occur in a PRDCH transmission.

	Ericsson
	Same feeling as other companies. We don’t think postamble is needed.

	Mod2 (Apple_)
	@all: As clarified earlier that the intention here was not to say whether we support or not support postamble, but rather the potential design if we agree to support it in other agenda. Anyways, if companies want to defer this discussion, we can come back to this later. 




2.1.2 R2D Control information (including TB size)
	Company
	Proposals

	Ericsson [1]
	[bookmark: _Toc166257147]Some R2D control information will be A-IoT device-type agnostic and generally applicable to all device types whereas other may be A-IoT device-type specific.
[bookmark: _Toc166257148]The R2D control information for A-IoT devices should be designed flexibly to cater to both active and passive device types.
Proposal 1 [bookmark: _Toc166257171]If a certain control information has a fixed payload length, it can be transmitted using physical layer signaling. If it is optional or has a variable payload length, it can be transmitted using higher layer signaling.
Proposal 2 [bookmark: _Toc166257172]RAN1 to discuss whether to reuse PRDCH or to define a dedicated channel for transmitting R2D control information to A-IoT devices.
[bookmark: _Toc166257149]Use of control information, preamble partitioning, and scrambling are some of the ways to distinguish between different types of PRDCH.
Proposal 3 [bookmark: _Toc166257173]RAN1 to discuss how to transmit and distinguish between the different types of information (e.g., SI, control, and data) on PRDCH.
Proposal 4 [bookmark: _Toc166257174]The control/system information can be transmitted using unicast, multicast and broadcast.
Proposal 5 [bookmark: _Toc165991082][bookmark: _Toc166057087][bookmark: _Toc166057109][bookmark: _Toc166257175]RAN1 to discuss the potential R2D control information for PRDCH and PDRCH that needs to be transmitted for each A-IoT device type such as time domain and frequency domain resource allocation, TBS, MCS (coding rate), modulation related information, repetition configuration, device type, device ID, group ID, cast type, reader ID.
[bookmark: _Toc166257154]UL message size for inventory reporting is in the range of 144-408 bits assuming the application-level device ID (EPC-like ID) of 96-256 bits.
[bookmark: _Toc166257155]DL message size for command use case can be up to 944 bits assuming a 100-byte DL command.
[bookmark: _Toc166257156]The maximum TB size will depend on whether messages can be segmented into multiple smaller transport blocks or not.
Proposal 6 [bookmark: _Toc166257178]RAN1 to wait for coverage evaluation results before discussing the possible values for TB size.

	Futurewei [2]
	Proposal 1: For Ambient IoT, study a R2D transmission format that includes control fields at the beginning of the PRDCH.
Proposal 3. For Ambient IoT, device type applicability should be placed in the control information.
Proposal 4. For Ambient IoT, any information for device commands should not be carried in the control information of the PRDCH.
Proposal 5. For Ambient IoT, a “MAC CE” container that provides scheduling information for PDRCH transmission is studied. No scheduling information for a scheduled PDRCH transmission is carried in the control information with the PRDCH.

	Nokia [4]
	The need for having a separate control channel depends on the type of information it must carry and the size of the message. If the content of the control information is small, perhaps a separate control channel may not be efficient. However, if different device types support different set of configurable parameters, it may be worth to study the possibility of having a separate control channel in addition to the data channel. 
The PRDCH may carry a wake-up info to select a subset of devices for the inventory process in addition to the modulation and resource allocation fields targeted towards a specific device type.
RAN1 to study the necessary control information to be contained in PRDCH depending on the AIoT device type, including activation and query commands.
RAN1 should consider a flexible design, i.e., by having control only, data only, or control and data fields all carried by PRDCH itself.

	Huawei [5]
	Proposal 1: For R2D transmission, the maximum TBS equals the maximum message size of 1000 bits.
· Inform RAN2 of this agreement.
Observation 1: Using a higher layer element to transmit the D2R grant avoids physical layer design, specification, and implementation effort, while at the same time offering flexibility in terms of the size of the grant.
Observation 2: Transmitting the D2R grant using a pre-defined set of resources within the PRDCH requires the device to be aware of the location of these resources beforehand, while at the same time, reducing the flexibility and resource utilization efficiency.
Observation 3: Transmitting the D2R grant using a set of resources within the PRDCH with separate CRC to enhance the reception reliability of the grant is not required since the device will not transmit a D2R transmission if it did not receive the data part of the PRDCH successfully. It may result in breaking the pipelining of the CRC decoding due to the added latency, and increases overhead.
Observation 4: Transmitting the D2R grant using the R2D timing acquisition signal would negatively impact the ability of the device to determine the start time and chip length of the R2D transmission, without any clear motivation or justification.
Observation 5: Transmitting the D2R grant using a separate control channel is not necessary since it would increase the overhead due to the added and accompanying R2D preamble and CRC bits.
[bookmark: _Ref165399407][bookmark: _Ref158040800]Proposal 2: A single CRC for D2R grant part and data part is considered for R2D transmission.
[bookmark: _Ref165399408]Proposal 3: Scheduling of each PDRCH is via higher layer signaling, e.g. MAC CE, in the preceding PRDCH, containing MCS, TBS, chip length, the number of chip repetitions, and code length of line coding.
[bookmark: _Ref165399409]Proposal 4: RAN1 does not study the design of a PDCCH-like channel.

	Intel [6]
	Proposal 2:
· Physical structure of PRDCH may consist of control information and optionally data packet.
· Control information is used to carry scheduling information of the corresponding data packet.
Proposal 3:
· Dedicated R2D control channel is not considered for A-IoT. 
Proposal 4:
· The following options can be considered for physical structure of PDRCH
· Option 1: PDRCH may consist of control information and optionally data packet.
· Option 2: PDRCH may consist of data packet.
· Repetitions can be considered for PDRCH transmission for A-IoT. 

	Spreadtrum [7]
	Proposal 3: Control information is needed and it should be transmitted on the PRDCH.
Proposal 4: at least the following R2D control information (for PRDCH and/or PDRCH) are supported:
· Time domain resource allocation
· Device ID and/or device group ID 
· Frequency domain resource allocation

	Samsung [8]
	Observation 1: Considering a low complexity requirement of A-IoT devices, the support of multiple different physical channels requiring different physical layer handling at the devices will be challenging.
Proposal 10: For R2D control information, at least the following R2D control information (for PRDCH and/or PDRCH) are studied:
· Message type
· Transmitter ID
· Receiver ADDR
· Payload size
· Modulation type/order
· Time and frequency domain resource allocation information
while excluding cast type, repetitions, and MCS/code rate/TBS. 

	Vivo [9]
	Observation 5: Assuming 1000bits as the maximum TB size for PDRCH, a control field with up to 7 bits is sufficient for TB size indication.
· To achieve a required mis-detection/ false alarm rate of postamble detection, the overhead or length of postamble may need to be large, comparable with or even larger than that for control field no matter whether the TBS is large or small.
Observation 6: For a PRDCH/PDRCH with low data rate and large payload size, following disadvantages are observed
· Excessive long time occupation of channel resources.
· The AIoT device may be not able to finish transmission/reception if the duration for the PDRCH/PRDCH exceeds the sustainable time of AIoT device due to limited energy storage.
Observation 7: If segmentation of a message is supported in higher layer, the maximum TB size could be smaller than the maximum message size.
Observation 8: Even if RAN1 would agree to use maximum message size as maximum TBS, it is still up to reader to determine the TB size for PRDCH and PDRCH. It does not necessarily mean a message can not be delivered in multiple transmissions with multiple TBs with TB size less than the max TB size.
Proposal 1: A dedicated physical channel for R2D, e.g. PDCCH-like channel, is not considered for study.
Proposal 2: PRDCH in a R2D transmission can be used to deliver the control information (if any) and higher layer data, where 
· Control information including the scheduling information and command can be delivered in L1 header in PRDCH
· Higher layer data including higher layer command can be delivered by MAC-PDU in PRDCH

	Lenovo [10]
	Proposal 2: Study a channel structure for R2D transmission which comprises a preamble, a control part, a data part, midamble, postamble and a guard period. 
Proposal 4: Study a R2D control part immediately following the preamble of the R2D transmission and having separate encoding and CRC from the R2D data part. 
Proposal 7: Study data part of a PRDCH carrying scheduling information for the corresponding D2R transmission.

	Apple [11]
	Proposal 1: For signaling R2D control information for PRDCH, consider following table as a baseline:
	Information
	Fixed or Signaled 
	Via L1 Control
	Via MAC CE
	Via RRC-like

	TDRA
	Signaled
	Yes
	
	

	Modulation Order
	Signaled 
	Yes
	
	

	Coding
	Signaled
	Yes
	
	

	TBS (if supported)
	Signaled
	Yes
	
	

	Repetitions (if supported)
	Signaled
	
	
	Yes

	FDRA (if FDMA supported)
	Signaled
	Yes
	
	

	Device ID
	Signaled as data
	
	
	

	Reader ID
	Signaled as data
	
	
	

	Device Group ID (if supported)
	Signaled as data
	
	
	

	Device Type (if supported)
	Signaled as data
	
	
	



Proposal 2: For signaling R2D control information for PDRCH, consider following table as a baseline:
	Information
	Fixed or Signaled 
	Via L1 Control
	Via MAC CE
	Via RRC-like

	TDRA
	Signaled
	Yes
	
	

	Modulation Order
	Signaled 
	Yes
	
	

	Coding
	Signaled
	Yes
	
	

	TBS (if supported)
	Signaled
	Yes
	
	

	Repetitions (if supported)
	Signaled
	
	
	Yes

	FDRA (if FDMA supported)
	Signaled
	Yes
	
	

	Device ID
	Signaled as data
	
	
	

	Reader ID (if supported)
	Signaled as data
	
	
	

	Device Group ID (if supported)
	Signaled as data
	
	
	

	Device Type (if supported)
	Signaled as data 
	
	
	



Observation 1: For the physical channel to transmit any R2D control information, there is no motivation to support flexible/complex channel structure like PDCCH:
· Low-power device types should not be expected to perform PDCCH monitoring and blind decoding
· Also, there is no need for multiple DCI formats 

Proposal 3: For R2D transmission, a single/unified channel for reader to device i.e. only PRDCH is considered for transmission of data, control information and system information

	CATT [12]
	Proposal 9: For ambient IoT devices, the PRDCH should be introduced as a dedicated A-IoT physical channel for R2D transmission, in which at least R2D control information, R2D data transmission, and CRC are embedded.
Proposal 10: Single CRC should be applied to some of R2D control information and R2D data.
Proposal 11: A scrambling block should be added before the CRC block for PRDCH generation.
Proposal 12: For PRDCH, transport block size is no more than 100 bytes according to the message sizes requirements for SA1 applicable use cases of indoor inventory and indoor command.
· The candidate transport block size for PRDCH are {128, 256, 512, 1024} bits.
Proposal 13: A set of TTIs for the devices to select for the transmission time of the PDRCH should be included in the PRDCH control information.
Proposal 14: A-IoT channel resource allocation information in frequency domain should be included in control information of PRDCH.
Proposal 15: Device identity information should be included in control information of PRDCH. Three kinds of device identity information can be considered as follows,
· A-IoT device ID: only for single device indication.
· A-IoT device group ID: only for group of devices indication.
· A-IoT device type ID: only for PRDCH indicating a special type of device, i.e., sensors.
Proposal 16: There is no dynamic indication of the waveform parameters and modulation scheme in the control information from PRDCH.
Proposal 17: Command type may be included in the PRDCH control information to indicate different types of R2D command messages.
Proposal 18: The indication of TB sizes for both PRDCH transmission and PDRCH transmission should be included in the control information of PRDCH.
· TB size for PRDCH transmission is indicated by the length of TTI as a separated control field of PRDCH. The TB size for PDRCH transmission is included in the control information field of PRDCH along with the time and frequency resource allocation.

	China Telecom [13]
	Proposal 6: For A-IoT R2D, no need to define a specific PDCCH-like channel to transmit control information.
Proposal 7: For A-IoT R2D, study how to transmit control information via PRDCH.
Proposal 8: For R2D control information, at least the following R2D control information (for PRDCH and/or PDRCH) are studied:
· Time and frequency domain resource allocation
· MCS/code rate
· TBS
· Repetitions
· Device ID and/or device group ID and/or device type
· Cast type 
· Reader IDs

	CMCC [14]
	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 configured or dynamic R2D or D2R resources to an Ambient IoT device. 
Observation 6: Considering TDM(A) or FDM(A) to improve D2R transmission efficiency, additional time or frequency resource indication is needed, but the control information is not necessarily carried in physical control channel.
Observation 7: 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.
Proposal 8: For R2D data transmissions, higher layer control information, e.g., inventory/command process related massages, if defined, is transmitted by higher layer messages (e.g., MAC CE) in PRDCH.
Proposal 9: A dedicated physical control channel for R2D transmission is not considered for study. 
Proposal 10: For R2D data transmissions, at least the following L1 control information can be studied and transmitted in PRDCH as a PHY header:
· Time and/or frequency resource indication for TDM(A) and/or FDM(A) of D2R transmissions;
· Data rate or backscatter link frequency of D2R transmissions;
· TBS of R2D and/or D2R transmissions.

	Interdigital [16]
	Observation 1: The maximum transport block size for a device can be limited at least by its available stored energy.
Observation 2: Including CRC for small payload size will result in high overhead without clear benefit. 
Proposal 1: Support variable payload size for R2D and D2R transmission.
Proposal 2: The device can indicate the required D2R information payload after receiving R2D command.
Proposal 3: Ambient IoT specification to support a maximum transport block size of approximately 1000 bits. 
Proposal 4: The maximum transport block size for D2R transmission is device-specific and depends on at least the available energy of the device.
Proposal 5: Support a single R2D physical channel for all types of transmission. 
Proposal 6: Support transmission of R2D control information on PRDCH.  
Proposal 7: R2D control information is transmitted at the beginning of PRDCH.  
Proposal 8: Physical R2D channel supports multiplexing of transmissions only in time domain. 

	ZTE [17]
	[bookmark: _Toc27654][bookmark: _Toc22742][bookmark: _Toc30523][bookmark: _Toc16416][bookmark: _Toc27717][bookmark: _Toc166269124]Proposal 1: The DL control information at least includes coding schemes (e.g., code rate) for DL transmission. FFS: Uplink frequency offset, uplink encoding scheme for UL transmission.
[bookmark: _Toc11650][bookmark: _Toc6029][bookmark: _Toc1260][bookmark: _Toc23791][bookmark: _Toc17897][bookmark: _Toc23159][bookmark: _Toc166269125]Proposal 2: Transmission type information (e.g., unicast, multicast, or broadcast information; device type 1, device type 2A, or device type 2B) can be included in control information to save the power of A-IoT device.
[bookmark: _Toc4037][bookmark: _Toc22173][bookmark: _Toc17022][bookmark: _Toc17031][bookmark: _Toc17457][bookmark: _Toc166269126]Proposal 3: Control information should be transmitted in PRDCH.
[bookmark: _Toc13971][bookmark: _Toc12620][bookmark: _Toc15863][bookmark: _Toc12155][bookmark: _Toc11440][bookmark: _Toc2754][bookmark: _Toc166269127]Proposal 4: The necessity of CRC attachment for control information can be determined based on the number of control information bits and the content of control information.
[bookmark: _Toc166269128][bookmark: _Toc22995][bookmark: _Toc4864][bookmark: _Toc807][bookmark: _Toc10870][bookmark: _Toc28763][bookmark: _Toc2500]Proposal 5: Control information and data are encoded independently. 
[bookmark: _Toc30805][bookmark: _Toc15059][bookmark: _Toc166269129]Proposal 6: The R2D control information with R2D and D2R scheduling information can be encoded independently. 

	Honor [18]
	Observation 1	Only using PRDCH to map the control information is not sufficient and we support to use other parts of the R2D transmission to convey the control information.
Proposal 1	The R2D control can be used to provide the information to schedule the R2D transmission, and at least the following contents can be considered, including:
· Early control indication, such as unicast, multicast, broadcast, device type/device ID/device group ID/reader ID, etc.
· Time domain resource allocation
· The number of information bits
· Energy harvesting indication
· Repetitions
Proposal 2	The R2D control can be used to provide the information to schedule the D2R transmission, and at least the following contents can be considered, including:
· Time domain resource allocation
· Frequency domain resource allocation
· MCS
· The number of information bits
· Power control
· Repetitions
Proposal 4	Support adding the control field in the PRDCH, which can at least indicate the data transmission type, data field length, scheduling information, etc.

	Fujitsu [19]
	Observation 3: If scheduling-based R2D data transmission is supported, the scheduling information should be as control information.
Observation 4: Delivering the control information for scheduling PRDCH in PHY layer requires fewer dynamic memories and shorter processing time compared with what required when delivering the control information via higher layer.
Proposal 6: 
· Support PHY layer (L1) control information.
· The L1 control information at least includes the scheduling information of PRDCH/PDRCH.
Proposal 7: Study both device-specific and common scheduling information for PRDCH and PDRCH in Rel-19 SI.
Proposal 8: L1 control information is transmitted on PRDCH in Rel-19 SI.
Proposal 9: If L1 control information is transmitted on PRDCH, two options can be considered for control information transmission:
· L1 control information and R2D data are carried by separate PRDCHs.
· FFS: the relation between the PRDCH carrying L1 control information and the PRDCH carrying R2D data.
· One PRDCH carry both L1 control information and R2D data.
Proposal 10: For R2D control information,
· At least support:
· TDRA information for R2D/D2R transmissions,
· Device ID for device-specific scheduling;
· Do not support:
· TBS,
· Cast type;
· Further study:
· FDRA for D2R transmissions,
· MCS,
· Device group ID.

	Xiaomi [20]
	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.
Proposal 1:  In A-IoT, the R2D control information is transmitted in PRDCH, i.e., no additional control channel is introduced.
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 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.

	NEC [21]
	Proposal 1: PRDCH control information indicates the data rate / line code chip duration by clock-acquisition part of timing acquisition signal.

	ETRI [22]
	Proposal 4: Study on R2D control information, but no need to define NR PDCCH-like control channel. 

	Continental [23]
	Observation 1.1.: When device identities are known at the reader, it may be possible to adapt/schedule transmissions to ensure that the devices are able to perform the respective R2D reception or D2R transmission. 
In this case, it is desirable to optimize the duration of an EH signal transmission by a reader or CW node or schedule transmissions to a device or group of devices such that they are available with high probability.
Observation 1.2.: To support dynamic FDMA for D2R transmissions by A-IoT devices, it is necessary to indicate the carrier frequency to be used by a specific device or group of devices in an R2D transmission.
Observation 1.3.: To support dynamic TDMA for D2R transmissions by one or more A-IoT devices, it is necessary to indicate the time-domain scheduling information for a specific device or group of devices in an R2D transmission.

Proposal 1.1.: Both R2D and D2R transmission should allow for dynamic control information transmission where the dynamic control information could be any one of the following:
· request for activation time information of the device (in R2D transmission; physical or higher layer),
· indication of activation time of the device (in D2R transmission; physical or higher layer),
· indication of carrier frequency for D2R transmission, by the reader to one or more devices (in R2D transmission; physical layer),
· indication of time-domain scheduling for D2R transmissions, by the reader to one or more devices (in R2D transmission; physical layer). 

	Oppo [24]
	[bookmark: _Toc166222229][bookmark: _Toc166222230]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.
[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.
[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: _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.
[bookmark: _Toc166222234]Proposal 8: Study necessary control information per use case; and transmitting control information as L1 signalling is studied as base line.

	LGE [25]
	Proposal 1: RAN1 assumes that PRDCH and PDRCH are used to carry at least L2 control information (e.g. MAC header and MAC CE, if any) and data (e.g. MAC SDU) which will be defined by RAN2. RAN1 will study whether to support preamble/midamble/postamble and any L1 control information on PRDCH and PDRCH.
Observation 1: For R2D transmission, if Command ID is included in L1 control information and implicitly indicates a known size of a fixed TB, we do not need TBS indication or postamble for the transmission.
Proposal 2: For PRDCH including command with a known fixed TBS, command ID implicitly indicating a known size of a fixed TB is included in L1 control information immediately preceding a TB. In this case, neither TBS indication nor postamble is needed for the PRDCH transmission.
Proposal 4: For PRDCH/PDRCH with a variable TBS, RAN1 studies the following options:
· Option 1: Postamble follows PRDCH transmission without padding.
· Option 2: TBS indication can be included in R2D L1 control information. FFS with/without postamble.
· If actual TBS is equal to one of TBS candidate values, TBS indication indicates the TBS value without padding or postamble.
· FFS if actual TBS is less than one of TBS candidate values. 
Proposal 5: For PDRCH with TB repetitions, PDRCH transmission can be repeated with midamble and it ends with postamble. FFS whether PDRCH repetition number is indicated by R2D control information.
Proposal 6: A (temporary) device ID can be included in L1 control information for unicast PRDCH transmission.
Proposal 7: The cast type i.e. indication to unicast, groupcast or broadcast is not included in R2D control information.
Proposal 11: Study the following alternatives for R2D L1 control information:
· Alt 1: L1 control information is in the end of premable as part of R2D preamble
· L1 control info chip duration can be same as premable chip duration
· Alt 2: L1 control information is in the beginning of PRDCH as part of PRDCH.
· L1 control info chip duration can be same as PRDCH chip duration
Proposal 12: Study the following cases for frequency domain resource allocation:
· Multiple channels for a single cell/gNB
· Multiple channels for different INs under a single cell/gNB
· Multiple channels for different cells/gNBs 
Proposal 13: Study both contiguous and incontiguous frequency channel deployment.

	Panasonic [26]
	Proposal 1: The control information for R2D should be carried alone or along with the data. The control information includes system information, synchronization, configuration of contention-based channel access, the indication of R2D data transmissions, and D2R channel time boundaries. 
Proposal 2: The variable control information size should be supported.
Proposal 3: The CRC design of R2D should be discussed after the content of control information is determined.

	Semtech [27]
	1. RAN1 to study if and how to apply power control for A-IoT devices.
RAN1 to study if and how to allow for different coding rates for A-IoT device transmissions.

	Sharp [28]
	Proposal 1: For ambient IoT devices, a dedicated physical control channel for R2D, e.g. PDCCH-like, is not considered for study.
Proposal 2: R2D control information is carried on a PRDCH transmission.
· FFS: mapping of R2D control information in the PRDCH transmission.
Proposal 3: RAN1 to study a R2D control information signaling mechanism to support fast identification of the intended UE(s) by a PRDCH transmission without full processing of that transmission.
Proposal 4: RAN1 to study a common R2D control information signaling framework to accommodate
· R2D control information signaling prior to, during, and after a contention-based access procedure.
· Scheduling of both backscattered transmissions and internally-generated transmissions.
Proposal 5: For a R2D data transmission, the maximum TBS is 1000 bits.

	NTT Docomo [29]
	Proposal 15:
· For PRDCH scheduling, study device identifier in PHY R2D control information.
· Further study whether part of device identifier can be indicated in R2D preamble.
Proposal 16:
· For PRDCH scheduling, study whether coding scheme is needed in control information considering whether multiple coding schemes are supported. If needed, further study whether coding scheme is dynamically indicated in PHY R2D control information or semi-statically indicated in higher layer control information. 
Proposal 17:
· For PRDCH scheduling, study whether coding rate is needed in control information considering whether variable coding rate is supported and design of R2D preamble. If needed, further study whether coding rate is dynamically indicated in PHY R2D control information or semi-statically indicated in higher layer control information.
Proposal 18:
· Study PDRCH transmission scheduled by R2D PHY control information.
Proposal 19:
· For PDRCH scheduling, study device identifier in PHY R2D control information.
· Further study whether part of device identifier can be indicated in R2D preamble.
Proposal 20:
· For PDRCH scheduling, study frequency domain resource allocation in PHY R2D control information for FDMA.
Proposal 21:
· For PDRCH scheduling, study whether coding scheme is needed in control information considering whether multiple coding schemes are supported. If needed, further study whether coding scheme is dynamically indicated in PHY R2D control information or semi-statically indicated in higher layer control information. 
Proposal 22:
· For PDRCH scheduling, study whether coding rate is needed in control information considering whether variable coding rate is supported. If needed, further study whether coding rate is dynamically indicated in PHY R2D control information or semi-statically indicated in higher layer control information. 
Proposal 23:
· For PDRCH scheduling, study whether repetition factor is dynamically indicated in PHY R2D control information or semi-statically indicated in higher layer control information. 
Proposal 24:
· Study how to differentiate PRDCH scheduling or PDRCH scheduling in PHY R2D control information.

	Mediatek [30]
	[bookmark: p1]Proposal 1: A L1 control information is necessary for R2D transmission.

	Qualcomm [31]
	Observation3:
· The D2R transmission rate (e.g., chip length/duration or square-wave length/duration) should be controlled by the reader but not arbitrarily selected by devices, especially if TDMA/FDMA/CDMA multiplexing is supported.

Proposal 3:
· The D2R transmission rate (e.g., chip length/duration or square-wave length/duration) is based at least on reader’s instruction, e.g., by R2D control.
Proposal 6: For R2D control, RAN1 to consider at least the functionality of early indication and scheduling information for R2D and D2R transmission, respectively.

Proposal 7: For R2D control mapping to a physical channel, RAN1 to consider 
· Alt1: R2D control not in MAC-CE, which can be detected separately from R2D data
· Alt1a: R2D control in a new physical R2D control channel (e.g., PRDCCH)
· Alt1b: R2D control in PRDCH, e.g., different PRDCH formats for R2D data and control
· Alt2: R2D control in MAC-CE

Proposal 11: For time/freq resource allocation of A-IoT communications
· For Topology 1: BS configures R2D/D2R time/freq resources for A-IoT
· BS/reader to control dynamic R2D/D2R within the configured time/freq resources.
· For Topology 2: BS semi-statically or dynamically configures the time/freq resources per the UE/reader via Uu, at least for inband/guardband operation.
· UE/reader to trigger R2D/D2R within the configured time/freq resources
FFS: how to solve collision among UEs/readers for a shared resource

Proposal 12: Study whether/how to apply power control for A-IoT devices and UE/reader.
· The power control for R2D transmission at UE/reader should be independent from that of legacy UL transmission.


	China Unicom [32]
	Proposal 1: Some macro-periodic broadcast-like information can be considered in control information in R2D transmission to trigger the devices reports for service related data, e.g. changing status.
Proposal 2: It is suggested that the activation function should be implemented in the preamble, while the devices matching function can be implemented in control information on the PR2DCH.

	Comba [33]
	Proposal 4: For R2D control information, at least the following R2D control information are studied:
· Time domain resource allocation
· Frequency domain resource allocation
· Repetitions
· Device ID and/or device group ID and/or device type
· Cast type 
· Reader ID.
Proposal 5: For ambient IoT devices, R2D control information carried by MAC CE can be transmitted by PRDCH channel.
Proposal 7: For R2D payload, maximum TBS of 1000 bits is considered.

	Cewit [34]
	Proposal 3: Supported following content of the scheduling information for D2R transmission:
a) Time domain scheduling 
b) Frequency domain scheduling
c) MCS 
d) TBS
e) Chip length
f) Device identity information
a. A-IoT device ID: only for single device indication.
b. A-IoT device group ID: for group of devices indication.
Proposal 4: For R2D, study how to transmit the control information. 

	Google [35]
	Observation 1: Low TB size and reliable modulation scheme is needed for A-IoT device when designing data transmission/reception.  
Proposal 3: For A-IoT study, a dedicated channel for transmitting R2D L1 control information is not considered.  
Proposal 4: Support a PRDCH can be used to transmit R2D data or to transmit both R2D data and R2D L1 control (if R2D L1 control is identified as needed).  
Proposal 5: Study how an A-IoT device understands whether the data conveyed in a PRDCH is cell-specific or device-specific.  
Proposal 7: A-IoT study assumes maximum TB size of A-IoT device is 1000 bits. 




[Open] 1st Discussion Round 
~35 companies provided their view on R2D control information and/or physical channel for transmitting R2D control information. Majority of the companies proposed PRDCH to be used for R2D control information and no need to have a separate/dedicated channel for R2D control information. Furthermore, companies provided their views on what R2D control information needs to be considered and whether it is mapped via high-layer signaling or L1 control information. Additionally, multiple companies propose the maximum TB size at least for R2D to be 1000 bits. On R2D control information aspects, considering that there might be divergent views on what R2D control information is signaled and the signaling method, it makes more sense to first discuss the aspects for each of the control information. Based on these considerations, FL proposal 2.1.2-1 is provided.

(HP) Proposal 2.1.2-1
· For R2D control information,
· At least the following R2D control information for PRDCH and/or PDRCH are studied:
· Time domain resource allocation
· MCS/coding rate
· TBS
· Repetitions
· Device ID and/or device group ID and/or device type
· Cast type 
· Frequency domain resource allocation
· Reader ID
· Please note that the intent of above bullet is not consider all the listed control information for both PRDCH and PDRCH, only a subset of control information may be applicable for a channel
· For the study of each of the above R2D control information, at least following aspects are considered:
· Whether the control information is needed/predefined or not
· For control information that is not fixed, whether it is signaled as L1 control information and/or via higher-layer signaling (e.g. MAC CE, RRC)
· Whether the control information is unicast, groupcast, broadcast
	Company
	Please provide your inputs to Proposal 2.1.2-1

	FUTUREWEI1
	Okay

	InterDigital
	Ok. Note that there may be additional control information related to contention-based access, e.g. number of resources to randomly select from.

	LG Electronics
	We are generally fine with FL proposal. The last sentence can be changed to:
· Whether the control information is needed for unicast, groupcast, and/or broadcast

	Continental Automotive 
	We believe there should be R2D control information for the reader to request for the activation time requirement of the device, as outlined in our contribution.

	Docomo
	Fine with the proposal. 

	Vivo  
	we prefer to split the proposal for R2D/D2R. 
The proposal may imply that we have to study all the information for both R2D and D2R. However, some of them is not necessary for R2D, e.g., repetition for R2D, and the frequency domain allocation for PRDCH is also NOT needed for A-IoT device using envelope detection. On the other hand, the cast type or Destination ID/AIoT Device ID/device identification/Group ID has been agreed with the following RAN2 agreement
Agreement
We will study the support for access triggering for a single device, group of devices, or all devices.RAN2 to discuss the contention-based and contention-free access procedures and detailed solutions.

	Mod1 (Apple)
	
@Vivo:First sub-bullet says PRDCH and/or PDRCH. This should clarify that the intent is not to consider all the listed information for both channels. Next step following this proposal would be to discuss the information for each channel. Anyways, I updated with a clarification note. The agreement may not necessarily mean that corresponding R2D control information is also agreed. It just agreed on access for different granularities. 

	TCL
	We do not think the study of MCS is necessary. Not like NR UE, device applies envelop detection only to demodulate R2D signal, and the modulation order is small in D2R signal, for example, the modulation order of OOK/BPSK is only 1. 
Coding rate can be considered but it need to clarify that it is line code rate rather than FEC coding rate.

	Xiaomi
	For each parameter, maybe it is better to clarify it is for R2D or D2R or both.

	Lenovo
	OK

	Samsung
	A message type, in its definition, includes a cast type. Also, the receiver ID can indicate a specific device ID or a device group ID. Therefore, Cast type is redundant.

	Qualcomm
	Ok in principle

	Panasonic
	We are fine with the proposal.

	OPPO
	OK

	Nokia
	Ok

	Huawei, HiSilicon
	We prefer to study the control information required for PRDCH and PDRCH separately. The reason for this is because in our view, we do not need to have separate control information for the PRDCH.
· For PRDCH, only OOK is applied, while FEC code is not supported. In other words, there is no need to indicate MCS. 
· Regarding frequency domain resource allocation, the envelope detection used by devices convert the RF signal at any frequency within the effective band to baseband. There is no need to indicate the frequency domain location for PRDCH. 
· Regarding time domain resource allocation, Ambient IoT is assumed to be an asynchronous system. The starting time of the PRDCH is indicated by the R2D timing acquisition signal, while the chip length is indicated by the clock acquisition part of this signal. 
· The end of the PRDCH is indicated by the R2D postamble.
For the PDRCH, at least MCS, TBS, amount of time-domain resources, frequency domain resource allocation needs to be provided by the reader to the device in the previous PRDCH transmission.

	Ericsson
	We suggest adding chip duration in the study list of control information.
The three sub-bullets seem to be redundant. Some of them can be removed.
· Device ID and/or device group ID and/or device type
· Cast type 

· Whether the control information is unicast, groupcast, broadcast

	Mod2 (Apple)
	Based on inputs received, the proposal is updated as:

(HP) Proposal 2.1.2-1A
· For R2D control information,
· At least the following R2D control information for PRDCH and/or PDRCH are studied:
· Time domain resource allocation
· MCS/coding rate
· TBS
· Repetitions
· Device ID and/or device group ID and/or device type or cast type
· Cast type 
· Frequency domain resource allocation
· Reader ID
· Chip duration
· Please note that the intent of above bullet is not consider all the listed control information for both PRDCH and PDRCH, only a subset of control information may be applicable for a channel
· For the study of each of the above R2D control information, at least following aspects are considered:
· Whether the control information is needed/predefined or not
· For control information that is not fixed, whether it is signaled as L1 control information and/or via higher-layer signaling (e.g. MAC CE, RRC)
· Whether the control information is unicast, groupcast, broadcast




[bookmark: _Hlk167183239]Proposal 2.1.2-2
· For R2D transmission, maximum TB size of 1000 bits is considered
· FFS: Whether/what other smaller sizes can be considered
	Company
	Please provide your inputs to Proposal 2.1.2-2

	FUTUREWEI1
	okay

	LG Electronics
	We are generally fine with FL proposal. We can want to clarify whether FFS is really for maximum TB size.

	NTT Docomo
	We feel the feasibility of carrying 1000 bits in a PRDCH can be studied, which we think may depend on maximum duration of PRDCH, modulation/coding scheme, etc. 

	Vivo  
	Disagree, for R2D, the message size is typically small, we don’t see the necessity of having the maximum TBS of 1000 bits. TBS that can be supported also depends on a lot factors, such as the PRDCH duration, the coverage. It would be better to first study the TBS can be supported to meet the coverage requirement.
In addition, we are wondering if the proposal will give an implication that reader is forced to transmit a message smaller than maximum TBS into a single PRDCH. To avoid this confusion, we suggest adding a note clarifying that whether there could be multiple PRDCH is a separate discussion.
Our proposal is as below
Proposal 2.1.2-2
· For R2D transmission, a small TBS and a large TBS maximum TB size of 1000 bits is are considered
· FFS: the value of small and largeWhether/what other smaller sizes can be considered
· Note: whether a message can be divided into multiple PRDCH transmissions is a separate discussion.

	TCL
	Same view as LG.

	xiaomi
	Maybe it needs to clarify this does not preclude the possibility to introduce segmentation operation.

	Qualcomm
	Need to clarify it is the TBS for R2D data packet.

	Panasonic
	We have a similar view as Vivo.

	Nokia
	Ok

	Huawei, HiSilicon
	We are fine with the main bullet, and do not see the need for the FFS.

	Mod2 (Apple)
	@Qualcomm: This refers to maximum packet size that can be mapped to PRDCH, which may include data and/or control
Proposal is further updated based on comments:
Proposal 2.1.2-1A
· For R2D transmission, maximum TB size of 1000 bits is considered
· FFS: Whether/what other smaller sizes can be considered




2.1.3 PRDCH design details
	Company
	Proposals 

	Ericsson [1]
	Proposal 7 RAN1 to discuss whether to reuse PRDCH or to define a dedicated channel for transmitting R2D control information to A-IoT devices.
Use of control information, preamble partitioning, and scrambling are some of the ways to distinguish between different types of PRDCH.
Proposal 8 RAN1 to discuss how to transmit and distinguish between the different types of information (e.g., SI, control, and data) on PRDCH.

	Futurewei [2]
	Proposal 1: For Ambient IoT, study a R2D transmission format that includes control fields at the beginning of the PRDCH.
Proposal 2. For Ambient IoT, the PRDCH supports the following cast types: broadcast, multicast, and unicast.

	TCL [3]
	Observation 9: Multiple different channels with frequency-domain scheduling for FDM(A) should be deprioritized.
Proposal 10: Control information is included at least in PRDCH.
Proposal 11: For PRDCH, time-domain scheduling should be considered in R2D control information, and multiple different R2D channels with frequency-domain scheduling for FDM(A) should be deprioritized.

	Nokia [4]
	[bookmark: _Toc166272992]The broadcast information containing configuration for channel access, e.g., initial contention-based access, may be beneficial, and may precede any device-specific configuration information.
[bookmark: _Toc166273011]RAN1 to study what broadcast information is required for the AIoT device and to identify how it should be included in the PRDCH channel.  
The need for having a separate control channel depends on the type of information it must carry and the size of the message. If the content of the control information is small, perhaps a separate control channel may not be efficient. However, if different device types support different set of configurable parameters, it may be worth to study the possibility of having a separate control channel in addition to the data channel. 
The PRDCH may carry a wake-up info to select a subset of devices for the inventory process in addition to the modulation and resource allocation fields targeted towards a specific device type.
RAN1 to study the necessary control information to be contained in PRDCH depending on the AIoT device type, including activation and query commands.
RAN1 should consider a flexible design, i.e., by having control only, data only, or control and data fields all carried by PRDCH itself.

	Huawei [5]
	Proposal 1: For R2D transmission, the maximum TBS equals the maximum message size of 1000 bits.
· Inform RAN2 of this agreement.
Observation 1: Using a higher layer element to transmit the D2R grant avoids physical layer design, specification, and implementation effort, while at the same time offering flexibility in terms of the size of the grant.
Observation 2: Transmitting the D2R grant using a pre-defined set of resources within the PRDCH requires the device to be aware of the location of these resources beforehand, while at the same time, reducing the flexibility and resource utilization efficiency.
Observation 3: Transmitting the D2R grant using a set of resources within the PRDCH with separate CRC to enhance the reception reliability of the grant is not required since the device will not transmit a D2R transmission if it did not receive the data part of the PRDCH successfully. It may result in breaking the pipelining of the CRC decoding due to the added latency, and increases overhead.
Observation 4: Transmitting the D2R grant using the R2D timing acquisition signal would negatively impact the ability of the device to determine the start time and chip length of the R2D transmission, without any clear motivation or justification.
Observation 5: Transmitting the D2R grant using a separate control channel is not necessary since it would increase the overhead due to the added and accompanying R2D preamble and CRC bits.
Proposal 2: A single CRC for D2R grant part and data part is considered for R2D transmission.
Proposal 3: Scheduling of each PDRCH is via higher layer signaling, e.g. MAC CE, in the preceding PRDCH, containing MCS, TBS, chip length, the number of chip repetitions, and code length of line coding.
Proposal 4: RAN1 does not study the design of a PDCCH-like channel.

	Intel [6]
	Proposal 2:
· Physical structure of PRDCH may consist of control information and optionally data packet.
· Control information is used to carry scheduling information of the corresponding data packet.
Proposal 3:
· Dedicated R2D control channel is not considered for A-IoT. 
Proposal 4:
· The following options can be considered for physical structure of PDRCH
· Option 1: PDRCH may consist of control information and optionally data packet.
· Option 2: PDRCH may consist of data packet.
· Repetitions can be considered for PDRCH transmission for A-IoT. 

	Spreadtrum [7]
	Proposal 3: Control information is needed and it should be transmitted on the PRDCH.
Proposal 4: at least the following R2D control information (for PRDCH and/or PDRCH) are supported:
· Time domain resource allocation
· Device ID and/or device group ID 
· Frequency domain resource allocation

	Samsung [8]
	Observation 1: Considering a low complexity requirement of A-IoT devices, the support of multiple different physical channels requiring different physical layer handling at the devices will be challenging.
Proposal 1: Study PRDCH supporting all the necessary functionalities for R2D transmission, and PDRCH supporting all the necessary functionalities for D2R transmission. No additional physical channels are studied. 
Proposal 8: For both R2D and D2R transmission, each payload segment divided by a midamble is attached with a separate CRC. 
Proposal 9: For both R2D and D2R transmission, study a postamble with a short sequence for end-of-signaling indication purpose.
Proposal 10: For R2D control information, at least the following R2D control information (for PRDCH and/or PDRCH) are studied:
· Message type
· Transmitter ID
· Receiver ADDR
· Payload size
· Modulation type/order
· Time and frequency domain resource allocation information
while excluding cast type, repetitions, and MCS/code rate/TBS. 
Proposal 11: Study the feasibility and the potential gain of frequency hopping for PRDCH/PDRCH transmission.

	Vivo [9]
	Observation 5: Assuming 1000bits as the maximum TB size for PDRCH, a control field with up to 7 bits is sufficient for TB size indication.
· To achieve a required mis-detection/ false alarm rate of postamble detection, the overhead or length of postamble may need to be large, comparable with or even larger than that for control field no matter whether the TBS is large or small.
Observation 6: For a PRDCH/PDRCH with low data rate and large payload size, following disadvantages are observed
· Excessive long time occupation of channel resources.
· The AIoT device may be not able to finish transmission/reception if the duration for the PDRCH/PRDCH exceeds the sustainable time of AIoT device due to limited energy storage.
Observation 7: If segmentation of a message is supported in higher layer, the maximum TB size could be smaller than the maximum message size.
Observation 8: Even if RAN1 would agree to use maximum message size as maximum TBS, it is still up to reader to determine the TB size for PRDCH and PDRCH. It does not necessarily mean a message can not be delivered in multiple transmissions with multiple TBs with TB size less than the max TB size.
Proposal 1: A dedicated physical channel for R2D, e.g. PDCCH-like channel, is not considered for study.
Proposal 2: PRDCH in a R2D transmission can be used to deliver the control information (if any) and higher layer data, where 
· Control information including the scheduling information and command can be delivered in L1 header in PRDCH
Higher layer data including higher layer command can be delivered by MAC-PDU in PRDCH

	Lenovo [10]
	Proposal 1: Study burst-type channel structure for R2D transmission for ambient IoT. 
Proposal 2: Study a channel structure for R2D transmission which comprises a preamble, a control part, a data part, midamble, postamble and a guard period. 
Proposal 4: Study a R2D control part immediately following the preamble of the R2D transmission and having separate encoding and CRC from the R2D data part. 
Proposal 5: Study scrambling for R2D data part. 
Proposal 7: Study data part of a PRDCH carrying scheduling information for the corresponding D2R transmission.

	Apple [11]
	  Proposal 4: For PRDCH, study mapping of R2D L1 control information 

Proposal 5: For PRDCH, study at least following transmission schemes for mapping different types of R2D information:
· PRDCH-TM0: Only R2D data is mapped
· It is unicast type mode
· PRDCH-TM1: Only system information is mapped
· It is broadcast type mode 
· PRDCH-TM2: Only R2D L1 control information is mapped
· It can either be broadcast type, groupcast type or unicast mode 
· PRDCH-TM3: R2D L1 control information and R2D data is mapped
· It can be unicast mode 
· L1 control information part precedes the R2D data part within the PRDCH

Proposal 6: For PDRCH generation involving both R2D control information and R2D data information, separate CRC attachment is studied:

[image: ]

	CATT [12]
	Proposal 9: For ambient IoT devices, the PRDCH should be introduced as a dedicated A-IoT physical channel for R2D transmission, in which at least R2D control information, R2D data transmission, and CRC are embedded.
Proposal 10: Single CRC should be applied to some of R2D control information and R2D data.
Proposal 11: A scrambling block should be added before the CRC block for PRDCH generation.
Proposal 12: For PRDCH, transport block size is no more than 100 bytes according to the message sizes requirements for SA1 applicable use cases of indoor inventory and indoor command.
· The candidate transport block size for PRDCH are {128, 256, 512, 1024} bits.
Proposal 13: A set of TTIs for the devices to select for the transmission time of the PDRCH should be included in the PRDCH control information.
Proposal 14: A-IoT channel resource allocation information in frequency domain should be included in control information of PRDCH.
Proposal 15: Device identity information should be included in control information of PRDCH. Three kinds of device identity information can be considered as follows,
· A-IoT device ID: only for single device indication.
· A-IoT device group ID: only for group of devices indication.
· A-IoT device type ID: only for PRDCH indicating a special type of device, i.e., sensors.
Proposal 16: There is no dynamic indication of the waveform parameters and modulation scheme in the control information from PRDCH.
Proposal 17: Command type may be included in the PRDCH control information to indicate different types of R2D command messages.
Proposal 18: The indication of TB sizes for both PRDCH transmission and PDRCH transmission should be included in the control information of PRDCH.
TB size for PRDCH transmission is indicated by the length of TTI as a separated control field of PRDCH. The TB size for PDRCH transmission is included in the control information field of PRDCH along with the time and frequency resource allocation.

	China Telecom [13]
	Proposal 6: For A-IoT R2D, no need to define a specific PDCCH-like channel to transmit control information.
Proposal 7: For A-IoT R2D, study how to transmit control information via PRDCH.
Proposal 8: For R2D control information, at least the following R2D control information (for PRDCH and/or PDRCH) are studied:
· Time and frequency domain resource allocation
· MCS/code rate
· TBS
· Repetitions
· Device ID and/or device group ID and/or device type
· Cast type 
· Reader ID

	CMCC [14]
	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 configured or dynamic R2D or D2R resources to an Ambient IoT device. 
Observation 6: Considering TDM(A) or FDM(A) to improve D2R transmission efficiency, additional time or frequency resource indication is needed, but the control information is not necessarily carried in physical control channel.
Observation 7: 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.
Proposal 8: For R2D data transmissions, higher layer control information, e.g., inventory/command process related massages, if defined, is transmitted by higher layer messages (e.g., MAC CE) in PRDCH.
Proposal 9: A dedicated physical control channel for R2D transmission is not considered for study. 
Proposal 10: For R2D data transmissions, at least the following L1 control information can be studied and transmitted in PRDCH as a PHY header:
· Time and/or frequency resource indication for TDM(A) and/or FDM(A) of D2R transmissions;
· Data rate or backscatter link frequency of D2R transmissions;
· TBS of R2D and/or D2R transmissions.

	Interdigital [16]
	Observation 1: The maximum transport block size for a device can be limited at least by its available stored energy.
Observation 2: Including CRC for small payload size will result in high overhead without clear benefit. 
Proposal 1: Support variable payload size for R2D and D2R transmission.
Proposal 2: The device can indicate the required D2R information payload after receiving R2D command.
Proposal 3: Ambient IoT specification to support a maximum transport block size of approximately 1000 bits. 
Proposal 4: The maximum transport block size for D2R transmission is device-specific and depends on at least the available energy of the device.
Proposal 5: Support a single R2D physical channel for all types of transmission. 
Proposal 6: Support transmission of R2D control information on PRDCH.  
Proposal 7: R2D control information is transmitted at the beginning of PRDCH.  
Proposal 8: Physical R2D channel supports multiplexing of transmissions only in time domain. 

	ZTE [17]
	[bookmark: _Toc13085][bookmark: _Toc3426][bookmark: _Toc4392][bookmark: _Toc13129][bookmark: _Toc166269120]In RFID, the length of downlink command can reach to thousands of bits, where data segmentation is not used.
[bookmark: _Toc3910][bookmark: _Toc4102][bookmark: _Toc11328][bookmark: _Toc30456][bookmark: _Toc166269121]The benefit of downlink data segmentation is limited.
[bookmark: _Toc10540][bookmark: _Toc26327][bookmark: _Toc166269130]Proposal 7: Whether A-IoT devices can support descrambling should be discussed.

	Honor [18]
	Observation 1	Only using PRDCH to map the control information is not sufficient and we support to use other parts of the R2D transmission to convey the control information.
Proposal 4	Support adding the control field in the PRDCH, which can at least indicate the data transmission type, data field length, scheduling information, etc.

	Xiaomi [20]
	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.
Proposal 1:  In A-IoT, the R2D control information is transmitted in PRDCH, i.e., no additional control channel is introduced.
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 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.

	NEC [21]
	Proposal 1: PRDCH control information indicates the data rate / line code chip duration by clock-acquisition part of timing acquisition signal.
Proposal 2: Study physical layer scrambling for AS level security.

	ETRI [22]
	Proposal 6: Study on multicast and broadcast transmissions as well as unicast for Ambient IoT.

	Oppo [23]
	[bookmark: _Toc166222222][bookmark: _Hlk166145835]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. 
[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. 

	LGE [25]
	Proposal 1: RAN1 assumes that PRDCH and PDRCH are used to carry at least L2 control information (e.g. MAC header and MAC CE, if any) and data (e.g. MAC SDU) which will be defined by RAN2. RAN1 will study whether to support preamble/midamble/postamble and any L1 control information on PRDCH and PDRCH.
Proposal 4: For PRDCH/PDRCH with a variable TBS, RAN1 studies the following options:
· Option 1: Postamble follows PRDCH transmission without padding.
· Option 2: TBS indication can be included in R2D L1 control information. FFS with/without postamble.
· If actual TBS is equal to one of TBS candidate values, TBS indication indicates the TBS value without padding or postamble.
· FFS if actual TBS is less than one of TBS candidate values. 
Proposal 6: A (temporary) device ID can be included in L1 control information for unicast PRDCH transmission.

	Sharp [28]
	Proposal 1: For ambient IoT devices, a dedicated physical control channel for R2D, e.g. PDCCH-like, is not considered for study.
Proposal 2: R2D control information is carried on a PRDCH transmission.
· FFS: mapping of R2D control information in the PRDCH transmission.
Proposal 3: RAN1 to study a R2D control information signaling mechanism to support fast identification of the intended UE(s) by a PRDCH transmission without full processing of that transmission.
Proposal 4: RAN1 to study a common R2D control information signaling framework to accommodate
· R2D control information signaling prior to, during, and after a contention-based access procedure.
· Scheduling of both backscattered transmissions and internally-generated transmissions.
Proposal 5: For a R2D data transmission, the maximum TBS is 1000 bits.
Proposal 6: Different cast types are studied for PRDCH including:
· Unicast type
· Broadcast type
· Groupcast type
FFS: how / where (e.g. at physical layer or higher layers) the cast type of a PRDCH transmission is determined.

	NTT Docomo [29]
	Proposal 10:
· At least transport blocks from higher layer are transmitted on PRDCH.
Proposal 11:
· Study transmission of both broadcast and unicast R2D information on PRDCH.
Proposal 12:
· Study the max TBS in one PRDCH considering at least the max time duration of one PRDCH and coding scheme/coding rate of PRDCH.
Proposal 13:
· At least transport blocks from higher layer are transmitted on PDRCH.

	Mediatek [30]
	[bookmark: o1]Observation 1: Separate control and data channel enables a decoupling MCS configuration, which is useful for the link adaptation of the data transmission aiming for different coverage target.
[bookmark: _Ref163139298]Proposal 2: Separate control channel and data channel for R2D (Reader-to-Device) transmissions.

	Qualcomm [31]
	Proposal 4: For R2D data mapping to PRDCH, the processing structure includes repetition and scrambling between CRC attachment and Line code block.
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PRDCH generation
Proposal 7: For R2D control mapping to a physical channel, RAN1 to consider 
· Alt1: R2D control not in MAC-CE, which can be detected separately from R2D data
· Alt1a: R2D control in a new physical R2D control channel (e.g., PRDCCH)
· Alt1b: R2D control in PRDCH, e.g., different PRDCH formats for R2D data and control
· Alt2: R2D control in MAC-CE


	Comba [33]
	Proposal 4: For R2D control information, at least the following R2D control information are studied:
· Time domain resource allocation
· Frequency domain resource allocation
· Repetitions
· Device ID and/or device group ID and/or device type
· Cast type 
· Reader ID.
Proposal 5: For ambient IoT devices, R2D control information carried by MAC CE can be transmitted by PRDCH channel.
Proposal 6: For mapping of R2D control information to PRDCH, a single CRC is applied to both the control information and the R2D data.
Proposal 7: For R2D payload, maximum TBS of 1000 bits is considered.
Proposal 8: For PRDCH structure, R2D time acquisition signal(s) are appended outside of the PRDCH.
Proposal 9: Different cast types are studied for PRDCH , including Unicast type, Broadcast type and Groupcast type.

	Google [35]
	Observation 1: Low TB size and reliable modulation scheme is needed for A-IoT device when designing data transmission/reception.  
Proposal 1: For A-IoT study, TB level repetition performed for PDRCH transmission is considered.  
Proposal 2: The number of repetition for PDRCH transmission is indicated in R2D L1 control information.  
Proposal 3: For A-IoT study, a dedicated channel for transmitting R2D L1 control information is not considered.  
Proposal 4: Support a PRDCH can be used to transmit R2D data or to transmit both R2D data and R2D L1 control (if R2D L1 control is identified as needed).  
Proposal 5: Study how an A-IoT device understands whether the data conveyed in a PRDCH is cell-specific or device-specific.  
Proposal 7: A-IoT study assumes maximum TB size of A-IoT device is 1000 bits. 

	IITK, IITM
	Observation 1: Ambient IoT can have a range of information payload sizes.
Proposal 1: Ambient IoT devices should support the variable lengths of the payload.
Proposal 2: To support the wide range of payload size, the following options should be considered:
· Option 1: A fixed size of a maximum X bits of payload should be used.
		FFS: Values of X, e.g., 1000 bits. 
· Option 2: Segmentation of a large message payload based on the threshold message bit length [e.g. 200 bits per segment]
Proposal 3: PRDCH should be used for the transmission of the control information along with the data payload. 
	FFS: Details on multiplexing of control and data payload on PRDCH. And the contents of the control information



[Open] 1st Discussion Round 
29 companies provided their views on the PRDCH design details for multiple aspects. One aspect discussed on how to signal what type of R2D information is mapped to PRDCH, assuming if only single physical channel is considered for R2D transmissions. Multiple companies consider supporting different formats depending on whether PRDCH is mapped with data and/or system information and/or L2 R2D control information. Other details included on how to signal which format is used, e.g. via early indication. Another aspect is related to CRC attachment to data and control information. In this regard, two options are discussed. One is single CRC attachment to control, and data block and the other option is separate CRC attachment to control and data. For single CRC attachment, the control information is assumed to be indicated via high-layer and therefore, effectively from physical layer perspective, there is no clear distinction between data and control. Separate CRC attachment is mainly considering mapping L1 R2D control information R2D data to PRDCH. Furthermore, corresponding update to PRDCH generation is proposed if separate CRC is applied. On another design aspect, multiple companies consider addition of scrambling block to increase the robustness of R2D transmissions. Also, repetition block is proposed to be added for increased reliability/robustness. 
Based on the above views, proposal 2.1.3-1 is provided by FL for inputs

(HP) Proposal 2.1.3-1
· For R2D, if only single physical channel (PRDCH) is considered for mapping data, system information and L1 R2D control information (if any), then different PRDCH formats can be studied depending on the R2D information mapping
· FFS: Format types and corresponding R2D information mapping
· FFS: Details on CRC attachment for mapping R2D data, system information and L1 R2D control information, if supported
	Company
	Please provide your inputs to Proposal 2.1.3-1

	FUTUREWEI1
	Okay

	InterDigital
	Ok

	LG Electronics
	OK

	Continental Automotive
	Does the proposal mean that in each PRDCH format, only one type of information (data, system information or L1 R2D control information) may be transmitted? 

	NTT Docomo 
	Agree 

	Vivo  
	What does the format mean? Is it a kind of thing similar to DCI format? From L1 perspective, as all information are transmitted in a single channel, the need to define multiple formats is not clear
Probably we need to agree on the “only single physical channel (PRDCH) is considered for mapping data, system information and L1 R2D control information (if any)” which is more important for both RAN1 and RAN2 to further discuss which channel the control information should be based on.
(HP) Proposal 2.1.3-1
· For R2D, if only single physical channel (PRDCH) is considered for mapping data, system information and L1 R2D control information (if any), then different PRDCH formats can be studied depending on the R2D information mapping
· FFS: Format types and corresponding R2D information mapping


	Mod1
	@Continental Automotive: Exact details for format are FFS. But essentially the intention is to study different formats depending on whether data and/or control and/or system information is mapped to PRDCH.
@Vivo: No this has nothing to do with DCI format. This is transmission format study for PRDCH. Please check further response above

	TCL
	It is unclear to define different PRDCH formats, is it R2D control information formats? To our understanding, device needs blindly detect R2D control information by envelop detection. If different R2D control information formats are considered, the detection complexity will be increased. Thus, for device 1/2a/2b, the design motivation is different.

	xiaomi
	OK

	Lenovo
	OK

	Samsung
	We are fine with the proposal. 

	Qualcomm
	Suggest wording change as:
· For R2D, if only single physical channel (PRDCH) is considered for mapping data, system information and/or L1 R2D control information (if any), then different PRDCH formats can be studied depending on the R2D information mapping


	Panasonic
	We are not sure what the meaning of formats. Our preference is to have a single PRDCH design capable of carrying different control and data information.

	OPPO
	“single physical channel (PRDCH)” is misleading, we propose to simplify to “PRDCH”.
“(if introduced)” should be added after “system information”.

	Nokia 
	Ok

	Huawei, HiSilicon
	We do not agree with the proposal.
Firstly, there should be only a single physical channel for R2D transmissions. We also do not see the need for multiple PRDCH formats since in our understanding, the control information can be transmitted using the MAC CE. The specification effort to define different PRDCH formats would be too time consuming. Moreover, the separate CRC would cause pipeline issues at the device, since it can proceed with decoding the data only after it completed processing the control part, increasing latency.
We could first decide on the necessity of control information for R2D transmissions, and then come to the necessity of different formats.

	Ericsson
	The ‘R2D information mapping’ is not clear to us. Could FL add explanation in the proposal. Something in your early comment looks fine, copied below.
But essentially the intention is to study different formats depending on whether data and/or control and/or system information is mapped to PRDCH.

	Mod2 (Apple)
	Proposal updated based on comments or clarification points as:
(HP) Proposal 2.1.3-1A
· For R2D, if only single physical channel (PRDCH) is considered for mapping data, system information and/or L1 R2D control information (if any), then different PRDCH formats can be studied depending on the R2D information mapping
· FFS: Details for format types and corresponding R2D information mapping
· FFS: Details on CRC attachment for mapping R2D data, system information and/or L1 R2D control information, if supported





Proposal 2.1.3-2
· For R2D, study the feasibility of scrambling block in terms of device complexity and/or power consumption requirements
	Company
	Please provide your inputs to Proposal 2.1.3-1

	NTT Docomo
	Agree 

	vivo
	Whether to have scrambling should be studied in 9.4.2.1.

	Qualcomm
	Ok but can delete ‘requirements’.

	Huawei, HiSilicon
	We do not support having scrambling for R2D transmissions.



2.2 Topic 2: D2R channels/signals design
2.2.1 D2R signals including preamble/midamble/postamble
	Company
	Proposals

	Ericsson [1]
	Proposal 9 [bookmark: _Toc166257166]RAN1 to define the design criteria for selecting D2R preamble such as the number of sequences in the sequence set, the sequence length, and the desired auto- and cross-correlation properties.
[bookmark: _Toc166257143]If the D2R preamble is generated by the CW node, both binary and complex sequences can be considered for D2R preamble design. 
[bookmark: _Toc166257144]If the D2R preamble is generated by the A-IoT device, binary sequences can be considered for D2R preamble design.
Proposal 10 [bookmark: _Toc166257167]RAN1 to decide if D2R preamble is generated by the A-IoT device or the reader/CWT.
Proposal 11 [bookmark: _Toc166257168]For D2R transmission, midambles should not be precluded as they can help the reader track the device’s timing amid timing drift and perform channel estimation.
If the purpose of a postamble is to indicate the end of a D2R/R2D transmission, there is no need for an explicit indication through a postamble, if the payload size of the subsequent D2R/R2D data transmission is configured/indicated by readers to devices. 
Proposal 12 RAN1 to study whether a PRDCH postamble can serve as an additional timing acquisition signal prior to a PDRCH transmission depending on the device’s timing capability.

	TCL [3]
	Proposal 14: Consider possible reference signal patterns by backscatter modulation, including channel estimation pattern, interference estimation pattern, proximity determination pattern, etc.

	Nokia [4]
	[bookmark: _Toc166272997]To determine the start of the uplink frame and to detect and correct the sampling offset introduced by the device transmission, the need for preamble is inevitable in the PDRCH transmission.
[bookmark: _Toc163249401][bookmark: _Toc163249468][bookmark: _Toc163249512][bookmark: _Toc163249708][bookmark: _Toc163249818][bookmark: _Toc163250146][bookmark: _Toc166273017]RAN1 to study in AI 9.4.2.2 the structure of the D2R preamble and whether the preamble needs to be split between a delimiter part and a synchronization part.
[bookmark: _Toc166272998]Depending on the payload sizes, i.e., the size of PDRCH transmission, midamble may be needed to compensate the sampling offset when the payload size is large. However, it should be configurable per device as it depends on the observed sampling offset created by the device transmission. Furthermore, it is unclear whether a D2R midamble is different from a D2R reference signal. 
[bookmark: _Toc166273018]RAN1 to assess in AI 9.4.2.2 whether both D2R midamble and D2R postamble are needed depending on the AIoT device type. 
[bookmark: _Toc166272999]The D2R transmission may end with a set of samples indicating the termination of the frame. 
[bookmark: _Toc163250149][bookmark: _Toc166273019]Study in AI 9.4.2.2 the design of the D2R postamble which may contain a known stop sequence to indicate the end of the frame. 
[bookmark: _Toc166273004]As the reference signal is not considered for D2R link, the signal like preamble/postamble/midamble should be designed to ensure reliable detection at the reader.
[bookmark: _Toc166273024]RAN1 to study the design of D2R preamble/midamble/postamble transmission to utilize for proximity determination and or interference detection by the reader.

	Huawei [5]
	Observation 8: Good correlation properties for the D2R physical signals such as time acquisition signal in preamble, midamble and postamble can provide reasonable timing information for the Reader and allow the Reader perform channel/interference estimation.
Proposal 16:The D2R timing acquisition signal includes a sampling frequency training part and a time acquisition part, where the sampling frequency training signal is used for coarse SFO estimation and a time acquisition is used for fine timing acquisition with a binary sequence signals with good correlation properties such as Golay sequences.
Observation 9: Edge detection method is sensitive to the noise power and can lead to false edge detection even under SNR 5 dB.
Proposal 17:For Ambient IoT D2R time acquisition, midamble signals which reuse the timing acquisition part in the preamble should be considered.
[bookmark: _Ref163056030]Proposal 18: For Ambient IoT D2R transmission, postamble based on a binary sequence signal with good correlation properties such as Golay sequences and orthogonal to time acquisition signal in preamble should be supported.

	Spreadtrum [7]
	Proposal 5: The D2R preamble design can take the binary sequence-based signal with a fixed pattern as a starting point for discussion.
Proposal 6: The D2R midamble should be studied and the sequence can be the same as preamble.
Proposal 7: Postamble is supported for D2R transmission, and the sequence is different from preamble and PDRCH.

	Samsung [8]
	Proposal 3: For D2R, a preamble does not include a start indicator part. 
Proposal 5: For D2R, study a clock acquisition part considering different encoding schemes (i.e., Manchester, FM0, and Miller), while the clock acquisition part may have more than one formats for a given encoding scheme, to improve the clock synchronization or to provide other functionalities, such as channel estimation.
Proposal 7: For D2R transmission, an insertion of a midamble is either explicitly or implicitly indicated to the device.
· Explicit indication is provided in the preceding R2D transmission, e.g., PRDCH providing control information.
· Implicit indication is based on either the PDRCH message type and/or the total payload size of PDRCH. 
Proposal 9: For both R2D and D2R transmission, study a postamble with a short sequence for end-of-signaling indication purpose.

	Vivo [9]
	Observation 3: Other than D2R timing acquisition functionality, no additional functionalities of the preamble are necessary for D2R transmissions.
Observation 4: If postamble is used to determine the ending of PDRCH transmission, mis-detection and false alarm of postambe detection will lead to PDRCH not decodable. 
Proposal 9: A unique sequence can be considered for preamble sequence with a certain length for D2R transmission
· Sequence pool with multiple sequences with required correlation properties is not needed.
Proposal 10: Different preamble length can be considered for different D2R response time.
· If the D2R response occurs immediately after the PRDCH, e.g., within a few tens of us, a shorter length preamble can be considered.
· If the D2R response may occur within a long duration after the PRDCH, e.g., tens of ms, a longer length preamble can be considered.

	Lenovo [10]
	 Proposal 11: Study a channel structure for D2R transmission which comprises a preamble, a control part, a data part, midamble, postamble and a guard period. 
Proposal 14: Study a postamble at the end of a D2R transmission for indicating the end of the PDRCH transmission for contention-based transmission. 

	Apple [11]
	Proposal 13: For D2R time acquisition signal, start indicator part could be considered for the scenario when the transmit reader and receive reader are different

	CATT [12]
	Proposal 19: Clock-acquisition part (CAP) for D2R preamble should use the same encoding method and chip duration as the PDRCH transmitted subsequently, such as Manchester coding. 
Proposal 20: The reader can obtain chip synchronization by detecting the rising and falling edges of the CAP sequence.
Proposal 21: The CAP for D2R preamble can carry some additional information, such as device IDs or device group IDs, different CAP sequences correspond to different devices or device groups, so that the reader can obtain device IDs or device group IDs by detecting CAP sequences.
Proposal 22: There is no need to introduce D2R midamble for A-IoT downlink communication.
Proposal 23: D2R postamble should not be introduced to indicate the end of PDRCH transmission and TBS indication should be included in the D2R scheduling information of PRDCH.

	China Telecom [13]
	Proposal 9: It can reuse the legacy NR sequence or select some fixed sequence for the potential preamble sequence in D2R transmission.
· Pre-configuration signalling and device complexity should be considered if reusing the legacy NR sequence.
· Evaluation performance on the fixed sequence if any.

	CMCC [14]
	Observation 11: In case of low SINR, reader is not feasible to perform rising/falling edge detection of line code. In order to perform advanced coherent operation, midamble is beneficial for timing tracking. 
Observation 12: In case of large packet, applying FEC without line coding in D2R transmissions is beneficial to improve data transmission efficiency, where midamble is required for timing tracking.
Observation 13: Applying TA is meaningless for an Ambient IoT device since it is difficult to maintain timing synchronization due to poor SFO performance.
Observation 14: The feasibility of CDMA is deteriorated by poor SFO performance. The multiplexing capability of CDMA is quite limited.
Proposal 11: For D2R transmissions in Ambient IoT, midamble can be considered in the middle of the D2R transmission for timing tracking.
Proposal 12: For D2R transmissions in Ambient IoT, midamble (or pilot signal) can be considered in the middle of the D2R transmission for channel estimation.
· In case of FDM(A), midamble (or pilot signal) of different devices can be transmitted in a TDMed way to improve channel estimation performance.
Proposal 13: To determine or derive the end of PDRCH transmissions, consider both options:
· Option 1 (as baseline): D2R postamble immediately follows the PDRCH to indicate the end of the PDRCH.
· Option 2 (at least in case of small packet size): Based on R2D control information.
Proposal 14: 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).

	Interdigital [16]
	Proposal 13: AIoT device transmits midamble between PDRCH repetitions.

	ZTE [17]
	[bookmark: _Toc26642][bookmark: _Toc10682][bookmark: _Toc27828][bookmark: _Toc28767][bookmark: _Toc166269148]Proposal 17: One or multiple sequences can be studied for the D2R preamble. And the length of D2R preamble should be determined based on the sequence.
[bookmark: _Toc3435][bookmark: _Toc20533][bookmark: _Toc7732][bookmark: _Toc27401][bookmark: _Toc166269149]Proposal 18: To determine or derive the end of PRDCH transmission, study D2R postamble immediately following the PDRCH. 
[bookmark: _Toc7977][bookmark: _Toc6417][bookmark: _Toc2932][bookmark: _Toc29202][bookmark: _Toc166269150]Proposal 19: If CRC is attached for the D2R transmission, the postamble is appended at the end of the D2R transmission; otherwise, the postamble is omitted.

	Honor [18]
	Proposal 6	Support using the preamble or control field to map the D2R control information, which is similar to the R2D control information mapping method.

	Fujitsu [19]
	Proposal 5: Whether the chip duration of subsequent PDRCH is indicated by the clock-acquisition part of R2D preamble needs to be further discussed.

	Xiaomi [20]
	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 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.

	LGE [25]
	Proposal 1: RAN1 assumes that PRDCH and PDRCH are used to carry at least L2 control information (e.g. MAC header and MAC CE, if any) and data (e.g. MAC SDU) which will be defined by RAN2. RAN1 will study whether to support preamble/midamble/postamble and any L1 control information on PRDCH and PDRCH.
Observation 2: For D2R transmission in response to R2D transmission, the reader can assume TBS and length of D2R transmission in some cases, e.g. MSG1 responding to MSG0 in contention-based access. The postamble can be omitted for any known fixed size of D2R transmission to avoid overhead.
Proposal 3: For D2R transmission in response to R2D transmission, a known fixed TBS of D2R transmission without postamble based on a command in R2D transmission is supported.
Proposal 4: For PRDCH/PDRCH with a variable TBS, RAN1 studies the following options:
· Option 1: Postamble follows PRDCH transmission without padding.
· Option 2: TBS indication can be included in R2D L1 control information. FFS with/without postamble.
· If actual TBS is equal to one of TBS candidate values, TBS indication indicates the TBS value without padding or postamble.
· FFS if actual TBS is less than one of TBS candidate values. 
Proposal 5: For PDRCH with TB repetitions, PDRCH transmission can be repeated with midamble and it ends with postamble. FFS whether PDRCH repetition number is indicated by R2D control information.
Proposal 9: If midamble and/or postamble are additionally included in time domain frame structure of D2R transmission, it can be further studied to define each of preamble, midamble, and postamble to be distinguished from each other.
Proposal 10: RAN1 studies how to determine chip duration of D2R transmission e.g. preamble and PDRCH.

	NTT DOCOMO [29]
	Proposal 8:
· Following aspect can be studied for the design of D2R preamble.
· Accuracy of detection
· Accuracy of timing acquisition
· Differentiation between D2R preamble and PHY channel
· Differentiation between D2R preamble and R2D preamble
Proposal 9:
· Study a sequence of chip ‘0’s and chip ‘1’s as D2R preamble.

	Mediatek [30]
	[bookmark: _Ref163139305]Proposal 4: Separate preamble (followed by a short header) and data channel for D2R (Device-to-Reader) transmissions.

	Qualcomm [31]
	Observation2:
· The D2R transmission timing can be indicated by the reader but the D2R timing acquisition signal is still needed due to the device clock-error, which is unknown by the reader.
· Compared with edge detection, the channel estimation-based coherent detection can be used achieve better D2R detection performance at the reader side.
Proposal 2:
For the D2R timing acquisition signal, a pattern/sequence is used to indicate the start of the transmission, AGC setting, transmission timing and channel estimation for coherent detection if supported.

	Comba [33]
	Proposal 11: For D2R transmission, the midamble is needed for the SFO estimation et.al.
Proposal 12: The postamble is needed for the purpose of time synchronization and indicating the end of D2R transmission.
Proposal 13: For D2R transmission, a predefined binary sequence can be considered for the preamble, midamble, and postamble. The preamble, midamble and postamble can use different sequence.

	IITK, IITM
	Proposal 5: To cater to functionalities such as channel estimation, proximity determination, and interference management, study if the Preamble or the Midamble used for timing acquisition can be used or not. 



[Open] 1st Discussion Round 
23 companies provided their views on the D2R signal and design. Majority of the companies focused on the functionality and design of preamble preceding the PDRCH transmission. In contrast to R2D time-acquisition signal, most of the companies think that D2R time-acquisition signal could be selected and designed to allow correlation-based sequence detection and potentially coherent detection based on channel estimation at the reader side.  Furthermore, some companies also discuss specific sequence types including Golay sequences, existing NR sequences such as M-sequence, ZC sequence. Additionally, companies have different views whether a single sequence is needed, or a pool of sequences could be considered. However, to further discuss sequence types, some companies suggest considering properties including zero cross-correlation, good autocorrelation, high merit-factor, etc. 
Based on the above views, proposal 2.2.1-1 is made by FL for inputs

(HP) Proposal 2.2.1-1
· For D2R time acquisition signal, a preamble preceding each PDRCH transmission is based on at least one fixed sequence to indicate the start of the PDRCH transmission, acquire clock timing and perform channel estimation
· FFS: Sequence type and design
· FFS: Whether more than sequence is needed or not
· FFS: Other functionalities with same or additional parts
	Company
	Please provide your inputs to Proposal 2.2.1-1

	FUTUREWEI1
	ok

	LG Electronics
	OK

	Continental Automotive
	Does it imply that there cannot be signals other than in the preamble for timing acquisition or channel estimation (e.g., mid-amble)?

	NTT Docomo
	Agree 

	vivo  
	“to indicate the start of the PDRCH transmission, acquire clock timing and perform channel estimation” is not necessary.
“At least” already means FFS whether additional sequence is needed, which means 2nd FFS can be removed as well.
Is the intention of 3rd bullet to say it’s up to agenda 9.4.2.2 to discuss  midamble/post amble? Since 9.4.2.2 would anyway discuss the necessity of them without this FFS in this agenda, this FFS seems not necessary here as well.

	Mod1 (Apple)
	@Continental Automotive: No, this doesn’t imply that
@Vivo: To study design of D2R preamble, functionalities need to be considered and based on contributions, at least the listed functionalities are considered. “At least’ in main bullet doesn’t necessarily mean that additional sequence is needed or not. FFS clarifies that. On 3rd FFS, no there is no intention to limit the functionality to one or other agenda.

	xiaomi
	Maybe we need to clarify whether the start-indicator part is needed.

	Lenovo
	OK, The preamble can have 2 parts: one part with pulse width wider at the beginning to compensate for the timing error and second part with narrow pulse width followed by it to support the data.

	Samsung
	We are fine with the proposal. 

	Qualcomm
	May need to clarify ‘each PDRCH’. If the midamble is inserted, it is still interpreted as different PDRCH, correct?

	OPPO
	It has not been agreed that preamble is used for channel estimation, and whether the preamble is used for channel estimation or not is up to reader implementation, therefore, “and perform channel estimation” should be removed from the main bullet.

	Nokia	
	FFS: Whether more than ONE sequence is needed or not”?

	Huawei, HiSilicon
	We think fix may cause some different understanding and would like to suggest the follows:
· For D2R time acquisition signal, a preamble preceding each PDRCH transmission is based on at least one fixed sequence to indicate the start of the PDRCH transmission, acquire clock timing and perform channel estimation
· FFS: Sequence type and design
· FFS: Whether more than sequence is needed or not
· FFS: how many parts within the preamble
· FFS: Other functionalities with same or additional parts

	Ericsson
	We suggest that “at least one fixed sequence” can be replaced by “sequence” and 2nd FFS can be whether one or multiple sequences is needed.
We would like to clarify whether D2R preamble is generated at the A-IoT device or if its generated at the reader and the device simply backscatters it.
We suggest to add CFO estimation as a functionality of D2R time acquisition signal. We can study whether the sequence design is sufficient to meet all purposes.

	Mod2 (Apple)
	Proposal further updated based on inputs/clarifications:
(HP) Proposal 2.2.1-1A
· For D2R time acquisition signal, a preamble preceding each PDRCH transmission is based on at least one fixed a sequence to indicate the start of the PDRCH transmission, acquire clock timing and perform channel estimation
· FFS: Sequence type and design
· FFS: Whether more than sequence is needed or not
· FFS: Other functionalities with same or additional parts, e.g. CFO estimation





2.2.2 D2R Control information
	Company
	Proposals

	Ericsson [1]
	[bookmark: _Toc166257150]PMI and RI will not be needed but a coarse channel quality indicator (e.g., a 1-bit indicator to qualify the channel as “good” or “bad”) can be considered for A-IoT devices.
[bookmark: _Toc166257151]HARQ operation is not supported but a confirmatory response (e.g., using an ACK) for R2D transmission can be considered. 
[bookmark: _Toc166257152]To assist the reader with scheduling and resource allocation, the device can indicate the estimated number of PDRCH transmissions that can be supported before requiring a recharge and the estimated time taken by A-IoT device to recharge by harvesting energy. 
[bookmark: _Toc166257153]Not all D2R control information needs to be supported by all device types.
Proposal 13 [bookmark: _Toc166257176]RAN1 to discuss the potential D2R control information that needs to be transmitted for each A-IoT device type.
Proposal 14 [bookmark: _Toc166257177]D2R control information transmitted by A-IoT devices can be carried by PDRCH.

	Futurewei [2]
	Proposal 6: For the D2R link, acknowledgements need not be supported as part of the D2R control information.
Proposal 7: For the FL proposal, we can consider supporting the following:
For D2R control information, 
· PDRCH is studied to transmit D2R control information (if D2R control information is needed)
· Note: How to map D2R control information (if needed) in PDRCH including encoding of control information and data is further studied under the PDRCH design details
· At least the following D2R control information are not considered for further study:
· CSI feedback (e.g., CQI, PMI, RI, etc.)
· SR

	Nokia [4]
	[bookmark: _Toc166273003]Due to three different device types considered in this AIoT SI, RAN1 should consider either a separate control channel or reuse the existing PDRCH channel to carry control only, data only, or control and data fields in a flexible way.
[bookmark: _Toc166273021]RAN1 should study the flexible channel structure for PDRCH to carry control only, data only or both control and data using the same channel.
[bookmark: _Toc166273023]RAN1 to study the necessary information to be contained in PDRCH depending on the AIoT device type, including control and data information.

	Huawei [5]
	[bookmark: _Ref163055976]Proposal 11:Remove the sub-bullet of FFS on “Details of response”, and leave the details to RAN2, i.e.:
“Response transmitted from device to reader during contention-based access procedure is transmitted on the PDRCH
· FFS: Details of response”
[bookmark: _Hlk166280888]Proposal 12: Add the exact coding method in sub-bullet of “coding” to support FEC/line coding/repetition, i.e.: 
· FEC and line coding methods within the coding block as necessities. Repetition methods such as TB repetition are also depicted.
[bookmark: _Ref163056008]Proposal 13:For D2R transmission, the maximum TBS is equal to the maximum message size of 1000 bits for Ambient IoT.
· Inform RAN2 of this agreement.
[bookmark: _Ref163056018]Proposal 14:Remove the FFS on D2R control information, and update the bullet as follows.
· FFS Whether/how/what No D2R control information (if defined) is needed transmitted on the PDRCH
[bookmark: _Ref163056022]Proposal 15:For Ambient IoT, PUCCH is not needed, and hence is not studied further.

	Intel [6]
	Proposal 5:
· Dedicated D2R control channel is not considered for A-IoT. 
Proposal 6:
· PRACH for D2R is not considered for A-IoT. 


	Spreadtrum [7]
	Proposal 8: The PUCCH-like control channel is not supported in D2R, and control information can be transmitted on the PDRCH.
Proposal 9: Support ACK/NACK response of device in the command procedure.

	Vivo [9]
	Proposal 7: SR, ACK/NACK, CSI are not considered for AIoT D2R control information study in NR Rel-19, whether BSR can be considered in the study is up to RAN2. 
Proposal 8: For AIoT D2R transmission study, only one unified physical channel, i.e., PDRCH, is considered
· Control information for D2R, if any and supported, is also transmitted in PDRCH. 

	Lenovo [10]
	Proposal 11: Study a channel structure for D2R transmission which comprises a preamble, a control part, a data part, midamble, postamble and a guard period. 
Proposal 12: Study a D2R control part immediately following the preamble of the D2R transmission and having separate encoding and CRC from the D2R data part. 

	Apple [11]
	Observation 2: For ambient IoT, no UCI including SR and CSI feedback is expected to be transmitted.

Proposal 10: For D2R transmissions, “ACK/NACK” feedback from the device to the reader could be studied, if justified for DT type of traffic
· This should not imply support HAQR retransmissions

Proposal 11: For R2D transmission, a single/unified channel for device to reader i.e. only PDRCH is considered for transmission of data and control information

	Vivo [12]
	Proposal 24: For ambient IoT devices, the PDRCH should be introduced for D2R transmission channel, in which at least device ID, D2R information payload and CRC are embedded.
Proposal 25: A scrambling block should be added before the CRC block for PDRCH generation.
Proposal 26: A resource mapping block should be added after the modulation block for PDRCH generation.
Proposal 27: For PDRCH, transport block size is no more than 100 bytes according to the message sizes requirements for SA1 applicable use cases of indoor inventory and indoor command.
· The candidate values of transport block size for PDRCH can be {128, 256, 512, 1024} bits.
Proposal 28: Response transmitted from device to reader during contention-based access procedure should be as follows:
· After receiving an interrogation command, the A-IoT device transmits a random access identifier along with contention resolution information as the response to the reader.
· After receiving an acknowledgement of the random access identifier from the reader, the A-IoT device transmits device identity as the response to the reader.
Proposal 29: Device identity related control information should be included in uplink information payload of PDRCH. Three kinds of device identity information can be considered as follows,
· A-IoT Device ID: indicate the identity of the device.
· A-IoT Device group ID: indicate the group of the device belonging to.
· A-IoT Device type ID: indicate the type of device, i.e., sensors.
Proposal 30: The D2R control information and data in PDRCH include the device function, security, and any higher information studied in RAN2, RAN3, SA2, SA3 and CT1.

	China Telecom [13]
	Proposal 10: For A-IoT D2R, no need to define a specific PUCCH-like channel to transmit control information.
Proposal 11: For A-IoT D2R, study how to transmit control information (if any) via PDRCH.
· CSI feedback and SR are not considered for D2R control information.
· FFS: ACK/NACK from device to reader.

	CMCC [14]
	Observation 16: Although HARQ/ARQ and retransmissions are not within the scope, ACK/NACK responses to data transmissions should still be considered in the study.
Observation 17: 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 18: 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 20: Line coding is the encoding scheme, e.g., Miller encoding, FM0 encoding, and Manchester encoding, that map a data bit to a codeword.
Observation 21: Square wave generator is for small frequency shift, multiplying the Miller/FM0/Manchester encoded symbols by a square wave at different times the encoded symbol rate, the power spectrum can be shifted to different frequency locations (in the level of hundreds of kHz).
Proposal 15: 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 16: For D2R data transmissions, higher layer control information, if defined, is transmitted in PDRCH.
Proposal 17: For D2R data transmissions, L1 control information, if defined, is transmitted in PDRCH as a PHY header.
Proposal 18: A dedicated physical control channel for D2R transmission is not considered for study.
Proposal 20: 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. 

	Interdigital [16]
	Proposal 9: Support a single D2R physical channel for all types of transmission. 
Proposal 10: Support transmission of D2R control information on PDRCH.  

	ZTE [17]
	[bookmark: _Toc14780][bookmark: _Toc7281][bookmark: _Toc28339][bookmark: _Toc27356][bookmark: _Toc24302][bookmark: _Toc27074][bookmark: _Toc166269144]Proposal 13: The necessity of D2R control information in D2R transmission should be clarified firstly.

	Honor [18]
	Proposal 5	The D2R control can be used to provide the information to schedule the D2R transmission, and at least the following contents can be considered, including:
· Early control indication for distinguishing information types
· MCS
· The number of information bits
· Repetitions
· Transmit/max power
· ACK/NACK

	Fujitsu [19]
	Proposal 7: Study both device-specific and common scheduling information for PRDCH and PDRCH in Rel-19 SI.

	Xiaomi [20]
	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).

	ETRI [22]
	Proposal 5: Study on D2R control information, but no need to define NR PUCCH-like control channel.

	Oppo [24]
	[bookmark: _Toc166222235]Proposal 9: If UCI is introduced in A-IoT communication PUCCH-like channel should also be considered.

	Panasonic [26]
	Proposal 5: The control information for D2R should be carried alone or along with the data information. The control information includes contention-based request for channel access, request for data transmission (possibly with the indication of the data size), device type report, and power status report.
Proposal 6: The CRC design of D2R should be discussed after the content of control information is determined.

	NTT Docomo [29]
	Proposal 25:
· Following PHY D2R control information is not considered.
· SR
· CSI report 
· HARQ ACK/NACK

	Mediatek [30]
	[bookmark: p3]Proposal 3: The control information for D2R transmission is unnecessary.

	Qualcomm [31]
	Proposal 8: For D2R control, RAN1 to consider at least the functionality of ACK/NACK response, e.g., additional information for the ACK, and additional information for the NACK.

Proposal 9: Msg1 for contention-based access can be considered as a special D2R control and map to the physical channel used for D2R control.
· FFS: bit length or sequence number carried by msg1.

	Comba [33]
	Proposal 14: For ambient IoT device, ACK/NACK feedback from device to reader is not needed. 
Proposal 15: For ambient IoT devices, D2R control information carried by MAC CE can be transmitted by PDRCH channel.
Proposal 16: For D2R payload, maximum TBS of 1000 bits is considered.

	Google [35]
	Proposal 6: Support a PDRCH can be used to transmit D2R data or to transmit both D2R data and D2R L1 control (if D2R L1 control is identified as needed).  



[Open] 1st Discussion Round 
25 companies provided their view on D2R control information and majority of the companies consider that no D2R control information is needed and/or if any D2R control information is needed, it is mapped to PDRCH. Therefore, no dedicated PUCCH-like channel for D2R control information is proposed. It is proposed by most of the companies that UCI including CSI, SR and HARQ-ACK are not needed for ambient IoT. However, a few companies want to discuss/consider ACK/NACK feedback from device to reader, especially for the case of DT type of traffic. Additionally, some companies consider including power status, device type report, Msg1 response as part of the L1 D2R control. However, there is no strong justification provided on the need of separate physical channel for D2R L1 control information. 
Based on above, proposal 2.2.2-1 is made by FL for inputs
 
(HP) Proposal 2.2.2-1
· For D2R control information, at least the following D2R control information are not considered for further study:
· CSI feedback (e.g. CQI, PMI, RI, etc.)
· SR
· FFS: Whether ACK/NACK feedback from device to reader is needed or not
· Please note that studying ACK/NACK feedback doesn’t imply considering HARQ/ARQ operation
· FFS: Any other L1 D2R control information 
	Company
	Please provide your inputs to Proposal 2.2.2-1

	FUTUREWEI1
	Okay. Do not support optimization for upper layer ACK/NACK feedback at the phy layer.

	InterDigital
	Suggest to state “For D2R L1 control information” in main bullet to make sure we are not precluding MAC control information (such as BSR).

	LG Electronics
	OK. Whether the D2R control information is L1 or MAC CE can be further discussed.

	NTT Docomo
	Agree 

	vivo  
	Seems fine.

	TCL
	Okay with this proposal.

	xiaomi
	OK

	Lenovo
	Share the same view as InterDigital.

	Samsung
	We suggest to focus on reliable parts. Thus, our proposed modification is as follows.

· For D2R control information, at least the following D2R control information are not considered for further study:
· CSI feedback (e.g. CQI, PMI, RI, etc.)
· SR
· FFS: other control information
· FFS: Whether ACK/NACK feedback from device to reader is needed or not
· Please note that studying ACK/NACK feedback doesn’t imply considering HARQ/ARQ operation
· FFS: Any other L1 D2R control information 



	Qualcomm
	We prefer FFS SR for now. The dedicated SR is not needed. But additional data for transmission can be transmitted together ACK response if supported.

	Panasonic 
	We are fine with the proposal. 

	OPPO
	OK

	Nokia
	Ok

	Huawei, HiSilicon
	We are fine with FLS proposal.

	Ericsson
	We suggest splitting the proposal into two proposals as third FFS bullet is written under “the following D2R control information are not considered for further study”. Moreover, in 9.4.2.2, RAN1 is already discussing the impact of energy harvesting on scheduling. It is quite relevant to consider energy harvesting related information as part of D2R control information to assist the reader in scheduling. Therefore, we suggest splitting the proposal into two as follows:
Proposal 2.2.2-1-a
· For D2R control information, at least the following D2R control information are not considered for further study:
· CSI feedback (e.g. CQI, PMI, RI, etc.)
· SR
Proposal 2.2.2-1-b
· For D2R control information, at least the following D2R control information are considered for further study:
· Whether ACK/NACK feedback from device to reader is needed or not (Please note that studying ACK/NACK feedback doesn’t imply considering HARQ/ARQ operation)
·  Any other L1 D2R control information (e.g. energy status related to assist the reader with scheduling)


	Mod2 (Apple)
	@Qualcomm: SR is meant mainly if want to to consider DO-A traffic, which is not the primary scope of SID. On other considerations, if you envision some additional D2R data might be there, then this would be based on command/query from reader and in that case that should be part of data but not control.

@Ericsson: Currently, I am fine to separate the proposals, but not sure if it makes much difference., since anyways the combined version seems fine for mostly everyone. I can move FFS to one indentation level higher within the proposal. sRegarding energy status, I am not sure if such control information is within the scope. Anyways, there is FFS on other control information. 

Proposal further updates with minor edits:
(HP) Proposal 2.2.2-1A
· For L1 D2R control information, at least the following D2R control information are not considered for further study:
· CSI feedback (e.g. CQI, PMI, RI, etc.)
· SR
· FFS: Whether ACK/NACK feedback from device to reader is needed or not
· Please note that studying ACK/NACK feedback doesn’t imply considering HARQ/ARQ operation
· FFS: Any other L1 D2R control information 




2.2.3 PDRCH design details
	Company
	Proposals

	Ericsson [1]
	Proposal 15 D2R control information transmitted by A-IoT devices can be carried by PDRCH.

	TCL [3]
	Observation 10: More data information seems need to be transmitted in PDRCH, e.g., RN 8/RN 16/device ID (EPC).
Proposal 12: For PDRCH, the D2R control information is not necessary for UL transmission.
Proposal 13: Data channel should be at least studied for D2R transmission.

	Nokia [4]
	Observation 14: Due to three different device types considered in this AIoT SI, RAN1 should consider either a separate control channel or reuse the existing PDRCH channel to carry control only, data only, or control and data fields in a flexible way.
Proposal 11: RAN1 should study the flexible channel structure for PDRCH to carry control only, data only or both control and data using the same channel.
Proposal 12: RAN1 to study the necessary information to be contained in PDRCH depending on the AIoT device type, including control and data information.

	Huawei [5]
	Proposal 11:Remove the sub-bullet of FFS on “Details of response”, and leave the details to RAN2, i.e.:
“Response transmitted from device to reader during contention-based access procedure is transmitted on the PDRCH
· FFS: Details of response”
Proposal 12: Add the exact coding method in sub-bullet of “coding” to support FEC/line coding/repetition, i.e.: 
· FEC and line coding methods within the coding block as necessities. Repetition methods such as TB repetition are also depicted.
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Figure 9. The PDRCH generation diagram
Proposal 13:For D2R transmission, the maximum TBS is equal to the maximum message size of 1000 bits for Ambient IoT.
· Inform RAN2 of this agreement.
Proposal 14:Remove the FFS on D2R control information, and update the bullet as follows.
· FFS Whether/how/what No D2R control information (if defined) is needed transmitted on the PDRCH
Proposal 15:For Ambient IoT, PUCCH is not needed, and hence is not studied further.

	Intel [6]
	Proposal 5:
· Dedicated D2R control channel is not considered for A-IoT. 
Proposal 6:
· PRACH for D2R is not considered for A-IoT. 


	Spreadtrum [7]
	Proposal 8: The PUCCH-like control channel is not supported in D2R, and control information can be transmitted on the PDRCH.
Proposal 9: Support ACK/NACK response of device in the command procedure.

	Samsung [8]
	Proposal 8: For both R2D and D2R transmission, each payload segment divided by a midamble is attached with a separate CRC. 
Proposal 11: Study the feasibility and the potential gain of frequency hopping for PRDCH/PDRCH transmission.

	Vivo [9]
	Proposal 7: SR, ACK/NACK, CSI are not considered for AIoT D2R control information study in NR Rel-19, whether BSR can be considered in the study is up to RAN2. 
Proposal 8: For AIoT D2R transmission study, only one unified physical channel, i.e., PDRCH, is considered
· Control information for D2R, if any and supported, is also transmitted in PDRCH. 
Proposal 11: PDRCH payload size can be explicitly indicated in the scheduling PRDCH, and postamble is not supported for PDRCH transmission.
Proposal 12: Study the channel structure of a D2R transmission consisting of preamble part, payload part and optionally CRC part, as a baseline.
Proposal 13: TBS for PRDCH and PDRCH is controlled by reader, and indicated to AIoT device.

	Lenovo [10]
	Proposal 10: Study burst-type channel structure for D2R transmission for ambient IoT. 
Proposal 11: Study a channel structure for D2R transmission which comprises a preamble, a control part, a data part, midamble, postamble and a guard period. 
Proposal 12: Study a D2R control part immediately following the preamble of the D2R transmission and having separate encoding and CRC from the D2R data part. 
Proposal 13: Study scrambling for D2R data part. 
Proposal 14: Study a postamble at the end of a D2R transmission for indicating the end of the PDRCH transmission for contention-based transmission. 
Proposal 15: Payload size of a D2R channel can be indicated by the corresponding R2D channel in the scheduling information for scheduling-based transmission. 
Proposal 16: Study simple resource allocation scheme with a sub-channel in frequency domain and a time unit in time domain for ambient IoT indicated by a PRDCH for the corresponding D2R transmission. 
Proposal 17: Study coexistence mechanism between ambient IoT and NR for in-band deployment. 

	Apple [11]
	Proposal 12: For PDRCH, if “ACK/NACK” feedback is considered, it can be classified as simply D2R data/response and therefore, no different transmission modes/schemes need to be considered for PDRCH 

	CATT [12]
	Proposal 24: For ambient IoT devices, the PDRCH should be introduced for D2R transmission channel, in which at least device ID, D2R information payload and CRC are embedded.
Proposal 25: A scrambling block should be added before the CRC block for PDRCH generation.
Proposal 26: A resource mapping block should be added after the modulation block for PDRCH generation.
Proposal 27: For PDRCH, transport block size is no more than 100 bytes according to the message sizes requirements for SA1 applicable use cases of indoor inventory and indoor command.
· The candidate values of transport block size for PDRCH can be {128, 256, 512, 1024} bits.
Proposal 28: Response transmitted from device to reader during contention-based access procedure should be as follows:
· After receiving an interrogation command, the A-IoT device transmits a random access identifier along with contention resolution information as the response to the reader.
· After receiving an acknowledgement of the random access identifier from the reader, the A-IoT device transmits device identity as the response to the reader.
Proposal 29: Device identity related control information should be included in uplink information payload of PDRCH. Three kinds of device identity information can be considered as follows,
· A-IoT Device ID: indicate the identity of the device.
· A-IoT Device group ID: indicate the group of the device belonging to.
· A-IoT Device type ID: indicate the type of device, i.e., sensors.
Proposal 30: The D2R control information and data in PDRCH include the device function, security, and any higher information studied in RAN2, RAN3, SA2, SA3 and CT1.

	China Telecom [13]
	Proposal 10: For A-IoT D2R, no need to define a specific PUCCH-like channel to transmit control information.
Proposal 11: For A-IoT D2R, study how to transmit control information (if any) via PDRCH.
· CSI feedback and SR are not considered for D2R control information.
· FFS: ACK/NACK from device to reader.

	CMCC [14]
	Observation 16: Although HARQ/ARQ and retransmissions are not within the scope, ACK/NACK responses to data transmissions should still be considered in the study.
Observation 17: 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 18: 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 20: Line coding is the encoding scheme, e.g., Miller encoding, FM0 encoding, and Manchester encoding, that map a data bit to a codeword.
Observation 21: Square wave generator is for small frequency shift, multiplying the Miller/FM0/Manchester encoded symbols by a square wave at different times the encoded symbol rate, the power spectrum can be shifted to different frequency locations (in the level of hundreds of kHz).
Proposal 15: 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 16: For D2R data transmissions, higher layer control information, if defined, is transmitted in PDRCH.
Proposal 17: For D2R data transmissions, L1 control information, if defined, is transmitted in PDRCH as a PHY header.
Proposal 18: A dedicated physical control channel for D2R transmission is not considered for study.
Proposal 19: For PDRCH generation at the device, use the following generation blocks for study:
· Coding block includes FEC and line coding operations, if any.
· Modulation block includes small frequency shift modulation and chip modulation operations, if any. And FFS for SFS modulation schemes
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Proposal 20: 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. 

	Interdigital [16]
	Proposal 9: Support a single D2R physical channel for all types of transmission. 
Proposal 10: Support transmission of D2R control information on PDRCH.  
Proposal 11: Physical D2R channel supports multiplexing of transmissions in time and frequency domains. 
Proposal 12: The reader can configure a device with PDRCH repetitions.
Proposal 13: AIoT device transmits midamble between PDRCH repetitions. 

	ZTE [17]
	[bookmark: _Toc7660][bookmark: _Toc24056][bookmark: _Toc5661][bookmark: _Toc26555][bookmark: _Toc16043][bookmark: _Toc30777][bookmark: _Toc166269145]Proposal 14: Data segmentation in D2R data transmission can be considered.
[bookmark: _Toc19407][bookmark: _Toc32375][bookmark: _Toc22803][bookmark: _Toc9896][bookmark: _Toc15639][bookmark: _Toc12818][bookmark: _Toc166269146]Proposal 15: Each segment should be encoded separately with CRC generated for each segment and attached afterward.
[bookmark: _Toc17898][bookmark: _Toc24383][bookmark: _Toc9736][bookmark: _Toc21623][bookmark: _Toc24920][bookmark: _Toc3641][bookmark: _Toc166269147]Proposal 16: For ambient IoT device, for D2R random access, a separate channel for random access, like PRACH can be studied.

	Xiaomi [20]
	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).

	NEC [21]
	Proposal 3: If FDM is supported for PDRCH, the subcarrier frequency used for FDM is randomly selected by device during random access procedure.
Proposal 4: If channel coding is supported for PDRCH, study the following for indicating the channel coding code rate:
· Option 1: code rate for PDRCH is indicated by R2D control information
· Option 2: code rate for PDRCH is indicated by D2R control information
· Option 3: code rate for PDRCH is selected by device and is blind detected by reader
Proposal 5: If channel coding is supported for PDRCH, scrambling the output bits after channel coding is also supported.

	Oppo [24]
	[bookmark: _Toc166222241]Proposal 15: PRACH-like channel should be studied for contention resolution in A-IoT communication.

	Panasonic [26]
	Proposal 5: The control information for D2R should be carried alone or along with the data information. The control information includes contention-based request for channel access, request for data transmission (possibly with the indication of the data size), device type report, and power status report.
Proposal 6: The CRC design of D2R should be discussed after the content of control information is determined.

	Sharp [28]
	Proposal 7: D2R control information is carried on a PDRCH transmission.
· FFS: mapping of D2R control information in the PDRCH transmission.
Proposal 8: For a D2R data transmission, the maximum TBS is 1000 bits.
Proposal 9: RAN1 to study an appropriate maximum payload size of the PDRCH transmission in response to a PRDCH transmission initiating a contention-based access procedure.

	Mediatek [30]
	[bookmark: o2]Observation 2: Different D2R transmission types are necessary for better fit different use cases.
[bookmark: p5]Proposal 5: Study different D2R transmission types including immediate, delayed and in-process D2R transmission

	Qualcomm [31]
	Proposal 5: For D2R data mapping to PDRCH, the processing structure includes the CRC attachment, FEC coding, scrambling, modulation.
· The modulation block includes both PSK and square-wave generation for device 1/2a with backscattering transmission.
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PDRCH generation
Proposal 10: For D2R control mapping to a physical channel, RAN1 to consider 
· Alt1: D2R control not in MAC-CE, which can be separate from D2R data
· Alt1a: D2R control in a new D2R physical control channel (e.g., PDRCCH)
· Alt1b: D2R control in PDRCH, e.g., different PDRCH formats for D2R data and control
· Alt2: D2R control in MAC-CE


	Comba [33]
	Proposal 15: For ambient IoT devices, D2R control information carried by MAC CE can be transmitted by PDRCH channel.
Proposal 16: For D2R payload, maximum TBS of 1000 bits is considered.
Proposal 17: For mapping of D2R control information to PDRCH, a single CRC is applied to both the control information and the D2R data.
Proposal 18: For PDRCH structure, D2R time acquisition signal(s) are appended outside of the PDRCH.
Proposal 19: Repetitions of PDRCH for coverage extension, TB-level, bit-level, chip-level repetitions should be considered.
Proposal 20: For mapping of D2R payload to PDRCH, the sequence of CRC attachment, FEC encoding, bit-level repetitions, chip repetitions, TB-level repetitions, line code encoding, modulation and waveform generation should be considered.

	Google [35]
	Proposal 6: Support a PDRCH can be used to transmit D2R data or to transmit both D2R data and D2R L1 control (if D2R L1 control is identified as needed).  

	IITK, IITM
	Proposal 4: PDRCH should be used to transmit the response information along with the data payload. 
	FFS: Details and the contents of the response signal. 




[Open] 1st Discussion Round 
25 companies provided their view on the design details for PDRCH. One aspect that multiple companies discuss is the mapping of D2R control information on PDRCH and in this case, possibly different formats could be applied depending on whether the PDRCH is mapped with D2R data and/or control. Another aspect is the PDRCH generation and updating the block diagram that has been agreed in RAN1#116bis with additional blocks and/or more details to the agreed blocks. Mainly, companies propose to explicitly include both line code and FEC code under the coding block. However, since this discussion may depend other agenda 9.4.2.1, so it might be reasonable to consider such update after the progress in other agenda. Another block that companies discussed is the addition of scrambling block for more robustness to D2R transmission. The scrambling block is suggested to be added after the coding block. 
Based on above, proposal 2.2.3-1 and proposal 2.2.3-2 are made by FL for inputs.

(HP) Proposal 2.2.3-1
· For D2R, if only single physical channel (PDRCH) is considered for mapping data and L1 D2R control information (if any), then different PDRCH formats can be studied depending on the D2R information mapping
· FFS: Format types and corresponding D2R information mapping
· FFS: Details on CRC attachment for mapping D2R data and L1 D2R control information, if supported
	Company
	Please provide your inputs to Proposal 2.2.3-1

	FUTUREWEI1
	okay

	InterDigital
	Ok

	LG Electronics
	We are generally fine with FL proposal. We can add the following:
FFS: need for L1 D2R control information.

	Continental Automotive
	Similar question as Proposal 2.1.3-1: Does the proposal imply that each PRDCH format would be associated with only one type of information (data, control, etc.)?

	NTT Docomo
	Agree 

	vivo  
	What does the format mean? Is it a kind of thing similar to DCI format? In our understanding, the control information may be more RAN2 related even if we finally agree on any L1 control since the L1 control format may be associated to different message type discussed in RAN2.
Probably we need to agree on the  “only single physical channel (PDRCH) is considered for mapping data and L1 D2R control information (if any)” which is more important for both RAN1 and RAN2 to further discuss which channel the control information should be based on.

	Mod1 (Apple)
	@Continental and Vivo: Similar response as to proposal 2.1.3-1

	xiaomi
	OK

	Lenovo
	OK

	Samsung
	Support the proposal. 

	Qualcomm
	Suggest the wording change as
· For D2R, if only single physical channel (PDRCH) is considered for mapping data and/or L1 D2R control information (if any), then different PDRCH formats can be studied depending on the D2R information mapping


	Panasonic 
	Different PDRCH formats are not clear. Are they used to differentiate having different control information or differentiate whether data information exist or not along the control information.  

	OPPO
	Similar comments as that for R2D, “single physical channel (PDRCH)” should be simplified to “PDRCH”

	Nokia
	Ok, but to clarify, whether the format to be used for PDRCH is provided by the reader?

	Huawei, HiSilicon
	We understand FL’s intention. But it seems whether we call it in different name is not a critical thing to discuss at the time. Thus we prefer not go hurry to call it different formats but focus on the design for each usage. We can discuss whether it is different format name later.

	Ericsson
	Same comment as to proposal 2.1.3-1. We can clarify the D2R information mapping is to map one or both of data and L1 D2R control information (if any) to PDRCH.

	Mod2
	Proposal updated based on comments or clarification points as:
(HP) Proposal 2.2.3-1A
· For D2R, if only single physical channel (PDRCH) is considered for mapping data and/or L1 D2R control information (if any), then different PDRCH formats can be studied depending on the D2R information mapping
· FFS: Details for format types and corresponding D2R information mapping
· FFS: Details on CRC attachment for mapping D2R data and/or L1 D2R control information, if supported





(HP) Proposal 2.2.3-2
· For PDRCH generation at the device, additional scrambling block is added after the coding block
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Updated PDRCH generation
	Company
	Please provide your inputs to Proposal 2.2.3-2

	vivo  
	Scrambling is not that clear at this stage, up to 9.4.2.1 to discuss.

	Huawei, HiSilicon
	Same view as vivo.




Proposal 2.2.3-3
· For PDRCH generation at the device, coding block is updated as:
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	Company
	Please provide your inputs to Proposal 2.2.3-3

	FUTUREWEI1
	OK

	vivo  
	This update depends on discussions and study in 9.4.2.1.

	Huawei, HiSilicon
	We can accept this




2.3 Topic 3: Proximity determination
	Company
	Proposals

	Ericsson [1]
	[bookmark: _Toc166257157]Proximity threshold, namely the dividing line between near and far, depends on the use cases of proximity determination. From coverage perspective, the proximity threshold between near and far is analogous to cell center and cell edge.
Proposal 16 [bookmark: _Toc166257179]RAN1 to clarify the use case of proximity determination and the proximity range.
[bookmark: _Toc166257158]With Option 1, proximity determination is triggered by a PRDCH, such as an inventory query command or a unicast PRDCH.
[bookmark: _Toc166257159]With Option 1, if PDRCH from a device is not successfully received by a reader, it would not be considered as near, for example in the case of collision of PDRCH from multiple devices or imbalanced D2R and R2D coverage.
[bookmark: _Toc166257160]With different transmission power of PRDCH for proximity determination, a reader can estimate the distribution of devices.
[bookmark: _Toc159245456][bookmark: _Toc166257161]The power of backscattered PDRCH received by a reader can partially indicate a device’s proximity, which is subject to the propagation loss between a CW node and the device and its backscatter loss.
Proposal 17 [bookmark: _Toc166257180]Proximity determination based on the presence or received power of a PDRCH should consider the transmission power of the PDRCH. For example, device type can be used as a gross indicator of D2R transmission power, which is subject to peak power consumption.

	Futurewei [2]
	Proposal 8: Support the FL proposal without the word “successfully”:
· For proximity determination at the reader, at least the following two options are studied:
· Option 1: If reader successfully receives D2R transmission from the device in response to R2D transmission, then device is determined as near
· Option 2: Device is determined to be near the reader based on measurements at the reader side
· FFS: Whether the near determination is different for devices transmitting with different power
· Note: other options are not precluded for study

	TCL [3]
	Observation 11: If binary distance between the reader and the ambient IoT device is used for the calculation, then inventory or command transmission may cover the requirement.
Observation 12: Other methods of getting relative distance, including TOA/RTT and phase-based techniques, have been proposed in RFID.
Proposal 15: Clarify the mean of proximity determination with relative distance and binary distance.
Proposal 16: It is preferred using the relative distance to calculate the distance between reader and device.
Proposal 17: Discuss potential methods for RSRP-based binary distance, including inventory commands as measured signal, full-backscattering and modulated reference signal.
Proposal 18: Consider suitable method for getting relative distance, like RTT and phase-based method.

	Nokia [4]
	[bookmark: _Toc166273007][bookmark: Observation38378]Observation 16: To enable the Ambient IoT device discovery, but also determining which nodes are in the proximity of the device, AIoT specific mechanisms for proximity determination need to be defined. 
[bookmark: _Toc166273008]Observation 17: For option 2, the type of reader measurements should be investigated e.g. whether power-based measurement is sufficient, or timing measurement is required. In the latter case, device to reader synchronization, or the lack thereof needs to be considered when defining timing measurements.
[bookmark: _Toc166273025]Proposal 14: RAN1 to study the reader measurement types for proximity determination, where such measurements may be power-based or timing measurements of the D2R signal. 

	Intel [6]
	Proposal 7:
· Reader based proximity determination for A-IoT can be considered:
· An A-IoT device is determined within the proximity of the network if the reader can successfully receive the D2R transmission from the A-IoT device. 

	Spreadtrum [7]
	Proposal 10: Proximity determination based on measurements at reader side can be studied, and different measurement thresholds can be introduced for different device types. 

	Samsung [8]
	Proposal 13: Proximity determination requiring a device to report implementation specific data, e.g., reflection loss, is not considered.
Observation 2: The plain SS-TWR scheme based on RTT measurement at a reader does not require any device side measurement. However, it is susceptible to the timing drift error at the device.    
Observation 3: The SS-TWR scheme via immediate reflection does not require any device side measurement as well as reporting any implementation specific information. On the other hand, it is expected to provide high accuracy with negligible complexity at a device side. 
Proposal 14: Study SS-TWR via immediate reflection scheme for device 1 and 2a, which is immune to a clock drift error and expected to provide high accuracy with negligible complexity at a device.    
Observation 4: The DS-TWR provides improved accuracy compared to the plain SS-TWR when there exists a clock drift error.
Proposal 15: Study DS-TWR as a starting point for device 2b, which provides better performance in the presence of a clock drift error.

	Vivo [9]
	Observation 9: Considering proximity is determined by the reader itself, the measurements are intermediate results which don’t need to be explicitly defined and are up to reader implementation.

Proposal 14: Proximity determination can be supported by CW power control.

	Lenovo [10]
	Proposal 18: Study following two types of proximity determination:
· Type 1: Proximity determination of a dedicated device(e.g., the reader may indicate the identification of the dedicated device).
· Type 2: Proximity determination of any device, and the reader doesn’t care about the identifications of the devices during proximity determination procedure.
Proposal 19: Study proximity determination for both monostatic and bistatic topology scenarios.  

	Apple [11]
	Observation 4: For reader side proximity determination, if proximity determination is based on simply receiving or not receiving the response from the device, then most likely dedicated methods for proximity determination may not be needed.

Proposal 15: For proximity determination based on measurements at reader (if supported), study whether there is a need for dedicated procedure or methods or it can be up to implementation

Proposal 16: For topology 2, if proximity determination at the intermediate UE is to be supported, then study the proximity determination methods at the intermediate UE

Proposal 17: For proximity determination in case when the transmit reader and receive reader are different, study following options:
· Option 1: Transmit-reader based proximity determination
· Option 2: Receive-reader based proximity determination
· Option 3: End-to-end system proximity determination

	CATT [12]
	Proposal 31: For proximity determination, the following two options should be supported to determine whether the device is near the reader or not at reader side:
· 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.

	CMCC [13]
	Observation 22: The purpose and valid use cases of proximity determination where the determined “near” is associated with a specific physical distance is not clear.
Proposal 21: For proximity determination at reader side, the following solutions can be further studied:
· Option 1 (preferred): If reader successfully receives D2R transmission from the device in response to R2D transmission, then device is determined as near.
· Option 2: Device is determined to be near the reader based on measurements at the reader side. FFS measurements and potential RAN1 specification impact.

	Sony [14]
	Proposal 1: At least study the following methods for proximity determination:
· Proximity to Ambient IoT base station
· Proximity to intermediate node
· Proximity to carrier wave emitter

Proposal 2: Study methods to enhance the localization accuracy without increasing device complexity.

	Interdigital [16]
	Observation 3: Proximity determination procedure requires successful decoding of PDRCH transmission. 
Proposal 14: The reader can request the device to transmit a PDRCH to initiate proximity detection procedures.
Proposal 15: The reader determines the device proximity using the measurement of the received PDRCH.

	ZTE [17]
	[bookmark: _Toc166269151][bookmark: _Toc22025][bookmark: _Toc14908][bookmark: _Toc20237][bookmark: _Toc14946][bookmark: _Toc29398][bookmark: _Toc15771]Proposal 20: For proximity determination at the reader, Option 2 can be studied, i.e., Device is determined to be near the reader based on measurements at the reader side 
· [bookmark: _Toc2732][bookmark: _Toc9257][bookmark: _Toc166269152]FFS: How to perform measurements at the reader side, for example, based on D2R preamble and/or PDRCH.

	Honor [18]
	Observation 2	The reader can determine the proximity threshold through the RSSI/RSRP measurements of the D2R backscattering/transmit signal of the A-IoT device, and then the reader determines whether the target A-IoT device is determined as near based on measurements.
Proposal 7	Support the A-IoT device to report transmission/maximum power to assist the reader proximity determination.

	Xiaomi [20]
	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 17: For proximity determination, device is determined to be near the reader based on measurements and pre-defined threshold.

	ETRI [22]
	Proposal 7: Study on both options for the proximity determination.

	Oppo [24]
	[bookmark: _Toc166222225]Observation 4: The positioning or ranging mechanism(s) used in current NR system for proximity determination cannot be applied to A-IoT.
[bookmark: _Toc166222226]Observation 5: The issue of near determination difference caused by different devices transmitting power can be left to reader implementation.
[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.

	LGE [25]
	Proposal 18: Study the following cases for Proximity determination
· Case 1: The TX or RX reader (gNB or IN) determines proximity of one or more identified devices
· Case 2: The TX or RX reader (gNB or IN) determines proximity of one or more non-identified devices
Proposal 19: Study the following issues to determine which option is used for proximity determination by reader:
· how to determine successful reception for proximity determination
· whether to consider identified devices and non-identified devices for proximity determination
· whether to support one-shot reception based determination or average reception quality based determination.
· which sequence/signal is used for D2R measurement
· whether proximity determination procedure is known to devices e.g. whether to support measurement-specific D2R transmission e.g. without a TB.

	Panasonic [26]
	Proposal 7: A simple preamble signal detection reusing contention-based or contention-free access should be considered for proximity determination. The implementation of signal detection or signal strength estimation should be further studied.

	NTT Docomo [29]
	Proposal 26:
· Clarify motivation and use case of proximity determination first before discussing the detailed methods. 

	Mediatek [30]
	[bookmark: _Ref163139309]Proposal 6: Utilize R2D control channel repetition for proximity determination.

	Qualcomm [31]
	Observation 4:
· Useful to consider the proximity determination to identify one A-IoT device within a very close distance (e.g., a few tens of centimetres), similar as NFC use cases.
· If the devices transmit D2R with very different tx power, the reader decision based on the D2R measurement/detection would deviate the intention of proximity determination.

Proposal 13: Study the following schemes for proximity determination:
· Option 1: If reader successfully receives D2R transmission from the device in response to R2D transmission, then device is determined as near
· The R2D transmission power can be reduced for proximity determination.
· FFS minimum transmission power for R2D.
· The D2R transmission power can be reduced by disabling the power amplification for proximity determination.
· Option 2: Device is determined to be near the reader based on measurements at the reader side
· The D2R transmission power can be reported by the device to avoid distinct proximity determination for different devices.

	IITK, IITM
	Proposal 6: For the RAN1 study determine the proximity determination accuracy requirement.
Proposal 7: Study the following methods for proximity determination for AIoT 
	Type 1: Proximity determination of the device responds to a query command.
	Type 2: Proximity determination of the device based on the dedicated measurement of the D2R transmission.




[Open] 1st Discussion Round 
25 companies provided their views on the aspects of proximity determination. In the contributions, four main aspects are discussed:
· First aspect: Usage of proximity determination
· A few companies sought clarification on exactly what’s the use-case or scenario for proximity determination. In couple of contributions, follow use-case or benefits of proximity determination are clarified as:
· Useful to consider the proximity determination to identify one A-IoT device within a very close distance (e.g., a few tens of centimetres), similar as NFC use cases.
· Useful to determine intermediate UEs that are in proximity to multiple devices
· Second aspect: Definition of proximity determination
· Based on the discussions from RAN1#116, most of the companies seem to be fine with studying following two options to define proximity determination:
· Option 1: If reader successfully receives D2R transmission from the device in response to R2D transmission, then device is determined as near
· Option 2: Device is determined to be near the reader based on measurements at the reader side
· Third aspect: Impact of different transmit power at ambient IoT device
· On this aspect, companies seem to have different views on whether transmit power at ambient IoT device should be factor in determination of proximity or not. One concern on not considering the transmit power is that the proximity determination as “near” would not be same for different devices transmitting with different power. On the other hand, other companies think that whether/how the reader considers the impact of proximity determination is up to reader implementation
· Fourth aspect: Proximity determination in case of different transmit and receive reader
· On this aspect, it is discussed on whether/how the proximity determination is done, i.e. whether proximity of device is determined relative to transmit reader or relative to receive reader or both, i.e. end-to-end. This may require further discussion and clarification, if needed.
Based on above considerations, proposal 2.3-1 and proposal 2.3-2 are provided by FL for inputs.

(HP) Proposal 2.3-1
· Study the following schemes for proximity determination:
· Option 1: If reader successfully receives D2R transmission from the device in response to R2D transmission, then device is determined as near
· Option 2: Device is determined to be near the reader based on measurements at the reader side
· FFS: Details on measurement methods
· FFS: Whether/how transmit power of the device is considered for proximity determination
	Company
	Please provide your inputs to Proposal 2.3-1

	FUTUREWEI1
	OK for progress

	InterDigital
	Ok

	LG Electronics
	OK

	Continental Automotive
	We are OK with this proposal and prefer option 2.

	NTT Docomo
	Support 

	TCL
	Ok with this proposal

	xiaomi
	OK and prefer Option 2

	Samsung
	We are fine. 

	Qualcomm
	To study or narrow-down the schemes, it would be better to clarify the definition and use case of proximity determination.

	vivo
	OK for the proposal, and prefer to option 1

	Panasonic
	For Option 1, the reader is not required to successfully receives D2R transmission from the device in response to R2D transmission when R2D transmission is dedicated to the specific UE. If the reader only intends to know whether there is any near device, even identifying the D2R transmission is sufficient. So we propose to have subbullet under Option 1. "FFS whether  successful reception of D2R transmission is always required or not " 

	OPPO
	Fine in general.
But it seems the criterion of “near” behind the 2 options are different, which criterion is correct is up to RAN plenary to interpret, it would be helpful to make them clear to facilitate the progress in the future.

	Nokia
	Ok

	Ericsson
	Support

	Mod2 (Apple)
	@Panasonic: During contention resolution, successful reception of D2R may be needed rather than just identifying D2R transmission
@Qualcomm: Intention of these options is to clarify definition of “near”. In fact, these options are same as your proposal. On the aspect of power control, it can be further discussed whether/how it is considered or not.
@Oppo: RAN plenary already provided good guidance on what proximity determination is and I think exact definition/procedure for “near” should be discussed in RAN1. And the intention of these two options is to do that.




Proposal 2.3-2
· Study at least following options to determine proximity of the device when the transmit reader and receive reader are different:
· Option 1: Proximity is determined only relative to transmit reader
· FFS: Details
· Option 2: Proximity is determined only relative to receive reader
· FFS: Details
· Option 3: Proximity is determined relative to both transmit and receive reader
· FFS: Details
	Company
	Please provide your inputs to Proposal 2.3-2

	FUTUREWEI1
	Option 2 OK, FFS the others

	LG Electronics
	OK

	Continental Automotive
	We support the proposal and feel that at this stage all three options should be kept open.

	NTT Docomo
	Support 

	TCL
	OK

	xiaomi
	Option 2

	Lenovo 
	Usually the proximity is determined only from transmitter but we are fine to explore other possibilities for monostatic and bistatic 

	Qualcomm
	We think it is a useful use case for monostatic case, i.e., ‘A2’ but not clear the motivation of other cases. 
So we suggest:
Study at least to determine proximity of the device for ‘A2’
FFS: other cases. 

	vivo
	We would like to know whether the transmit reader and receive reader are different is a majority case for proximity determination? Could give more information why we need consider this case

	Panasonic 
	We are fine with the proposal. 

	Nokia
	We may need to consider if “A1” and “B” use cases, where the device transmitting CW is different than the reader

	Ericsson
	Is the proposal about scenario A1? 
For both Option 1 and Option 2 in Proposal 2.3-1, there is only one reader for a PDRCH. Transmit reader only contributes the PDRCH by providing CW wave. We don’t see the motivation for it to detect a device’s proximity. Option 2 makes sense to us.

	Mod2 (Apple)
	@all: This proposal is about scenario A1, where the transmit reader (for R2D) and receive reader (for D2R) are different. For scenario A1, B, C, since there is same node for R2D transmission and D2R reception, these cases are covered by proposal 2.3-1. Based on plenary guidance, proximity determination for device is done relative to the BS/intermediate node rather than CW node.
Proposal is further updated based on clarification related to scenario (defined in 9.4.1)
Proposal 2.3-2A
· For A2 scenarios with transmit reader (R1) and transmit reader (R2), study at least following options to determine proximity of the device when the transmit reader and receive reader are different:
· Option 1: Proximity is determined only relative to transmit reader (R1)
· FFS: Details
· Option 2: Proximity is determined only relative to receive reader (R2)
· FFS: Details
· Option 3: Proximity is determined relative to both transmit (R1) and receive reader (R2)
· FFS: Details





2.4 Topic 4: Intermediate UE considerations for topology 2
	Company
	Proposals

	Spreadtrum [7]
	Proposal 11: A new DCI format for A-IoT topology 2 can be studied. And at least the following contents should be included.
· UL time-frequency domain resource indication
· R2D time-frequency domain resource indication
· D2R time-frequency domain resource indication
· Device’s ID indication 
Proposal 12: Support UL response from intermediate node to BS to indicate inventory status or A-UL reception. 

	Samsung [8]
	Proposal 12: Study controlling an intermediate UE for transmission or reception between the intermediate UE and the BS and also between the intermediate UE and one or more devices including 
· CW transmission (for D2T2-A scenarios)
· Execution of a command received from a BS to device(s)
· Transferring data between a BS and device(s)

	Apple [11]
	Proposal 18: For topology 2 with intermediate UE serving as the reader, study at least following aspects in terms of physical channel/signals:
· Downlink control information (DCI) from network to the intermediate UE for transmitting R2D to device and/or receiving D2R from the device
· Uplink control information (UCI), if any from the intermediate UE to the network

Proposal 19: For topology 2 with intermediate UE, study at least following options for the selection of UE for serving as a reader to communicate with ambient IoT device(s):
· Option 1: It is up to network implementation
· Option 2: Study specification-based methods, e.g. based on proximity of number of ambient IoT devices to the UE

	Honor [18]
	Proposal 8	Deprioritizing discusses the intermediate UE considerations for topology 2.

	Fujitsu [19]
	Proposal 11: The gNB configure the intermedia UE via Uu interface.
· At least the time-frequency resource allocation for R2D and D2R transmission are configured.

	Continental [23]
	Observation 2.1.: A UE with A-IoT capability needs to be designated as an intermediate UE for A-IoT by the gNB. 
Observation 2.2.: It is desirable to avoid frequent requests for resources from the intermediate UE(s) to the gNB for performing R2D or D2R communications with A-IoT devices to avoid signaling overheads. 
Observation 2.3.: It is desirable to have a separation between the resources used for A-IoT communications between intermediate UE(s) and A-IoT device(s) and the resources used for NR DL/UL communications between the intermediate UE(s) and gNB(s) to avoid interference between each other. 
Proposal 2.1.: The gNB transmits an indication to a UE with A-IoT capability to enable it to operate as an intermediate UE. This may be provided via RRC signaling.  
Proposal 2.2.: A separate resource pool may be allocated by a gNB to one or more intermediate UE(s) to communicate with A-IoT devices. This A-IoT resource pool may be allocated in-band to LTE/NR, in guard-band to LTE/NR or in standalone band(s). 
· The A-IoT resource pool configuration includes a set of time slots which may be periodically repeated with a specified time interval and a set of subchannels which may be periodically repeated over a specified frequency interval.
· The A-IoT resource pool configuration may be provided by the gNB to the intermediate UE(s) via RRC signaling. 
Proposal 2.3.: Further, dynamic resource allocation for communication with A-IoT device(s) may be provided to the intermediate UE by the gNB via DCI. Study whether a new DCI format is required or if existing DCI formats could be modified for this purpose.

	Oppo [24]
	[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.
[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.

	LGE [25]
	Proposal 14: Study frequency channel coordination among gNBs/INs
Proposal 15: Study a time domain resource pool for TX and/or RX of gNB and IN.
Proposal 16: Study both dynamic resource allocation and semi-static resource allocation for gNB and IN.
Proposal 17: Study the following resource types for R2D and D2R:
· TX only resource (used for R2D)
· TX/RX resource with or without CW transmission (used for D2R)
Proposal 20: Study functional split between gNB and IN
Proposal 21: Study DCI based resource allocation for R2D resource with or without backscattering e.g. similar to SL mode 1
Proposal 22: Study IN autonomous resource allocation for R2D resource with or without backscattering e.g. similar to SL mode 2
Proposal 23: Agree that UEs functioning as IN should be in RRC_CONNECTED.

	Qualcomm [31]
	Proposal 11: For time/freq resource allocation of A-IoT communications
· For Topology 1: BS configures R2D/D2R time/freq resources for A-IoT
· BS/reader to control dynamic R2D/D2R within the configured time/freq resources.
· For Topology 2: BS semi-statically or dynamically configures the time/freq resources per the UE/reader via Uu, at least for inband/guardband operation.
· UE/reader to trigger R2D/D2R within the configured time/freq resources
· FFS: how to solve collision among UEs/readers for a shared resource



[Open] 1st Discussion Round 
9 companies provided view on considerations for intermediate UE for topology 2. One key aspect that all the companies discussed is how/what to signal the intermediate UE to serve as a reader to ambient IoT devices. As it is agreed that the intermediate is under network control, therefore, intermediate UE may need to be informed/signaled with related details for scheduling R2D and/or D2R. Furthermore, a few companies also discuss the need for UCI from intermediate UE to network.
Based on the above views, proposal 2.4-1 is provided by FL for inputs.

(HP) Proposal 2.4-1
· RAN to study at least DL/UL L1 control signaling between network and intermediate UE for topology 2
	Company
	Please provide your inputs to Proposal 2.4-1

	FUTUREWEI1
	okay

	InterDigital
	Ok

	LG Electronics
	OK

	Continental Automotive
	We are OK with the proposal.

	NTT Docomo
	The intention is RAN1 to study?

	vivo  
	Not necessary at this stage and we can focus on UE-AIoT interface assuming a set of resource is reserved for AIoT communication.

	Mod1 
	@Vivo: your proposed assumption may not be a common understanding. This proposal simply allows to study DL/UL signaling and your assumption may be a part of the outcome of this study. 

	TCL
	Ok. RAN 2 may consider how to request resources for AIoT transmission and L1 control signaling between network and intermediate UE is necessary to consider in RAN1.

	xiaomi
	Maybe more details should be given for the motivations to study this aspect.

	Lenovo
	OK

	Samsung
	We don’t think RAN to study this issue. It should be studied by RAN1. We thus make the following modified proposal. 

(HP) Proposal 2.4-1 (Samsung)
· RAN to study at least DL/UL L1 control signaling between network and intermediate UE for topology 2


	Qualcomm
	Maybe no need to limit ‘L1 control’, which can be deleted to make it more general.

	vivo2
	Just try to clarify that the interface between gNB and reader for T2 is not part of the  RAN1 objectives provided in the SID and we should focus on the following objectives for both T1 and T2 and leave the T2 specific discussion that has no impact on the evaluation result in a later stage or in WI phase.
	· 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.




	OPPO
	Support, as it was captured in the general scope part of SID that intermediate UE is under network control, this study is needed.

·   Deployment scenario 2 with Topology 2 and UE as intermediate node, under network control


	Huawei, HiSilicon
	We are not sure whether we can task RAN and not sure it is L1 control at the moment.

	Ericsson
	We agree that some information is needed for a UE to serve as an intermediate UE. In addition to UL/DL DCI, high layer data can be considered and added in the proposal. 

	Mod2 (Apple)
	@all: Sorry for the typo. I meant “RAN1” not “RAN”
Proposal is further updated as:
(HP) Proposal 2.4-1A
· RAN1 to study at least DL/UL L1 control signaling between network and intermediate UE for topology 2








3 Proposals for offline sessions
3.1 Tuesday offline session 
Proposal 2.1.2-1A
· For R2D control information,
· At least the following R2D control information for PRDCH are studied:
· Time domain resource allocation
· MCS/coding rate
· TBS
· Repetitions
· Device ID and/or device group ID and/or device type and/or cast type
· Cast type 
· Frequency domain resource allocation
· Reader ID
· Chip duration
· Midamble related information
· At least the following R2D control information for PDRCH are studied:
· Time domain resource allocation
· MCS/coding rate
· TBS
· Repetitions
· Device ID and/or device group ID and/or device type and/or cast type
· Cast type 
· Frequency domain resource allocation
· Reader ID
· Chip duration
· Midamble related information
· 
· Please note that the intent of above bullet is not consider all the listed control information for both PRDCH and PDRCH, only a subset of control information may be applicable for a channel
· For the study of each of the above R2D control information, at least following aspects are considered:
· Whether the control information is needed/predefined or not
· For control information that is not fixed, whether it is signaled as L1 control information and/or via higher-layer signaling (e.g. MAC CE, RRC)
· Whether the control information is unicast, groupcast, broadcast

Proposal 2.1.3-1A
· For R2D, if only single physical channel (PRDCH) is considered for mapping data, system information (if any) and/or L1 R2D control information (if any), then different PRDCH format(s) can be studied depending on the R2D information mapping
· At least one PRDCH format with R2D data only is studied
· NOTE: PRDCH generation for R2D data-only is agreed in RAN1#116bis
· FFS: Other PRDCH formats format types and corresponding R2D information mapping
· FFS: Details on CRC attachment for R2D data, system information (if any) and/or L1 R2D control information (if any)

Proposal 2.2.2-1A
· For L1 D2R control information, at least the following D2R control information are not considered for further study:
· CSI feedback (e.g. CQI, PMI, RI, etc.)
· SR
· FFS: Whether ACK/NACK feedback from device to reader is needed or not
· Please note that studying ACK/NACK feedback doesn’t imply considering HARQ/ARQ operation
FFS: Any other L1 D2R control information

Proposal 2.2.3-1A
· For D2R, if only single physical channel (PDRCH) is considered for mapping data and/or L1 D2R control information (if any), then different PDRCH formats can be studied depending on the D2R information mapping
· FFS: Details for format types and corresponding D2R information mapping
· FFS: Details on CRC attachment for mapping D2R data and/or L1 D2R control information, if supported

Proposal 2.3-1
· Study the following schemes for proximity determination:
· Option 1: If reader successfully receives D2R transmission from the device in response to R2D transmission, then device is determined as near
· Option 2: Device is determined to be near the reader based on measurements at the reader side
· FFS: Details on measurement methods
· FFS: Whether/how transmit power of the device is considered for proximity determination

Proposal 2.1.1-1A
· For the start-indicator part of the R2D time acquisition signal, study and down-select from following patterns:
· Option 1: ON/OFF pattern i.e. high/low voltage transmission for at least length X
· FFS: Exact pattern and length
· Option 2: OFF pattern, i.e. low voltage transmission for at least length X
· FFS: Length
· FFS: value of X
· FFS: whether/what additional length(s) of start-indicator part is required
· FFS: whether any additional pattern/sequence is included in the start-indicator part

Proposal 2.2.1-1A
· For D2R time acquisition signal, a preamble preceding each PDRCH transmission is based on at least one fixed a sequence to indicate the start of the PDRCH transmission, acquire clock timing and perform channel estimation
· FFS: Sequence type and design
· FFS: Whether more than sequence is needed or not
· FFS: Other functionalities with same or additional parts, e.g. CFO estimation

Proposal 2.1.1-2A
· The clock-acquisition part of the R2D time acquisition signal is used to determine the OOK chip duration for the subsequent R2D physical channel with at least the R2D control information by detecting the rising/falling edges
· Duration between adjacent transition edges is an integer multiple of the OOK chip length
· FFS: whether same coding is applied for the clock-acquisition part as that for the subsequence physical channel
· Same coding and same chip duration is applied for the clock-acquisition part as that for the subsequent R2D physical channel, e.g. Manchester coding or PIE coding
· FFS: Exact pattern depending on the coding
· At least a fixed sequence of length Y is studied
· FFS: whether/what additional length(s) of clock-acquisition part is required fixed or variable

4 Proposals for online session
4.1 Tuesday online session
Proposal 2.1.2-1B
· For R2D control information,
· For PRDCH are studied:
· Time domain resource allocation
· MCS/coding rate
· TBS
· Repetitions
· Device ID and/or device group ID and/or device type and/or cast type
· Frequency domain resource allocation
· Reader ID
· Chip duration
· For PDRCH are studied:
· Time domain resource allocation
· MCS/coding rate
· TBS
· Repetitions
· Frequency domain resource allocation
· Chip duration
· Midamble related information
· For the study of each of the above R2D control information, at least following aspects are considered:
· Whether the control information is needed/predefined or not
· For control information that is configurable, whether it is signaled as L1 control information and/or via higher-layer signaling 
· Note: Above list doesn’t imply the support of the control information but further study to identify the need and if needed, further details
Proposal 2.1.3-1B
· For R2D, if only PRDCH is considered for carrying data and/or system information (if any) and/or L1 R2D control information (if any), then PRDCH formats can be studied
· Note: PRDCH format implies here what information type(s) that it carries (R2D data and/or L1 R2D control information and/or system information (if any))
· At least one PRDCH format 0 for carrying R2D data-only is studied
· Note: PRDCH generation for R2D data-only is already agreed in RAN1#116bis
· FFS: Other PRDCH formats and details including corresponding PRDCH generation

Proposal 2.2.3-1B
· For D2R, if only PDRCH is considered for mapping data and/or L1 D2R control information (if any), then PDRCH formats can be
· Note: PDRCH format implies here the information type(s) that it carries (D2R data and/or L1 D2R control information (if any))
· At least one PRDCH format 0 for carrying D2R data-only is studied
· Note: PDRCH generation for D2R data-only is already agreed in RAN1#116bis
· FFS: Other PDRCH formats and details including corresponding PDRCH generation

Proposal 2.2.2-1B
· For L1 D2R control information, at least the following are not considered for further study:
· CSI feedback (e.g. CQI, PMI, RI, etc.)
· SR
· FFS: Whether ACK/NACK feedback from device to reader is needed or not
· Please note that studying ACK/NACK feedback doesn’t imply considering HARQ/ARQ operation
· FFS: If any, other L1 D2R control information, 

Proposal 2.3-1
· Study the following schemes for proximity determination:
· Option 1: If reader successfully receives D2R transmission from the device in response to R2D transmission, then device is determined as near
· Option 2: Device is determined to be near the reader based on measurements at the reader side
· FFS: Details on measurement methods
· FFS: Whether/how transmit power of the device is considered for proximity determination

Proposal 2.1.1-1A
· For the start-indicator part of the R2D time acquisition signal, study and down-select from following patterns:
· Option 1: ON/OFF pattern i.e. high/low voltage transmission 
· FFS: Exact pattern and length
· Option 2: OFF pattern, i.e. low voltage transmission 
· FFS: Length

Proposal 2.2.1-1A
· For D2R time acquisition signal, a preamble preceding PDRCH transmission is based on a sequence to indicate the start of the PDRCH transmission, acquire clock timing and channel estimation
· FFS: Sequence type and design
· FFS: Whether more than sequence is needed or not
· FFS: Other functionalities with same or additional parts

Proposal 2.1.1-2A
· The clock-acquisition part of the R2D time acquisition signal is used to determine the OOK chip duration for the subsequent R2D physical channel with at least the R2D control information
· Duration between adjacent transition edges is an integer multiple of the OOK chip length
· FFS: whether same coding is applied for the clock-acquisition part as that for the subsequence physical channel
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6 Appendix
6.1 RAN1 Scope & Objectives (Revised SID in RP-240826)
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, 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.

The following objectives are set, within the General Scope:
1. Evaluation assumptions
a) Conclude at least the following aspects of design targets left to WGs in Clause 5 (RAN design targets) of TR 38.848 [RAN1].
· Clause 5.3: Applicable maximum distance target values(s)
· Clause 5.6: Refine the definition of latency suitable for use in RAN WGs
· Clause 5.8: 2D distribution of devices
b) Define necessary further evaluation assumptions of deployment scenarios for coverage and coexistence evaluations [RAN1, RAN4]
c) Identify basic blocks/components of possible Ambient IoT device architectures, taking into account state of the art implementations of low-power low-complexity devices which meet the RAN design target for power consumption and complexity. [RAN1]
d) Define link budget calculation for coverage, including whether/how to model carrier wave from node(s) inside or outside the connectivity topology.
NOTE: Assessment performance of the design targets is within the study of feasibility and necessity of proposals in the following objectives, e.g. by inspection of reference implementations in the field, simulations, analytically.
NOTE: strive to minimize evaluation cases in RAN1.

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. 
       For Topology 2, no difference in physical layer design from Topology 1.

6.2 RAN1 Agreements
6.2.1 RAN1#116 (Athens, Greece, February 26th – March 1st, 2024)
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 (PR2DCH) is studied,
· System information (if defined) is transmitted on the PR2DCH
· FFS Whether/how control information is transmitted on the PR2DCH
· Note: the naming of PR2DCH is used for the sake of the study

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

6.2.2 RAN1#116bis (Changsha, Hunan Province, China, April 15th – April 19th, 2024)
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

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

[image: ] 
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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PDRCH generation

Agreement
Reference signals including at least DMRS, PTRS, CSI-RS/TRS, are not further studied for R2D.

Agreement
Reference signals including DMRS, PTRS, SRS, are not further studied for D2R
· Note: This doesn’t preclude the possibility to study preamble, midamble, postamble for different purposes, e.g. channel/interference estimation and/or proximity determination

Agreement
Proximity determination based on device side measurements is not considered. 
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