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Introduction
[bookmark: OLE_LINK5][bookmark: OLE_LINK8]The study item on solutions for Ambient IoT (Internet of Things) was approved in RAN#102 meeting [1] and revised in RAN#103 meeting [2]. In last RAN1 #116 meeting [3], the following agreements were achieved for general aspects of physical layer design for Ambient IoT as follows:
	Agreement
A-IoT DL study includes an OFDM-based waveform from A-IoT R2D (reader-to-device) perspective. 
· Depending on what modulation(s) are decided to be studied:
· Study whether/how to handle CP at transmitter/device/design 
· Study other characteristics of the OFDM waveform, e.g.:
· CP-OFDM
· DFT-s-OFDM
· Etc.
· The type of OFDM waveform is transparent to A-IoT device.
Other waveforms from DL transmitter’s perspective can be proposed, and further discussion will consider whether or not they are included in the study.

Agreement
A-IoT DL study includes OOK from DL transmitter’s perspective.
· For an OFDM waveform, assume OOK-1 for single-chip per OFDM symbol transmission, and OOK-4 for M-chip per OFDM symbol transmission, starting from definitions in TR 38.869.
· FFS value(s) of M.
· FFS: Any changes needed from the definitions in TR 38.869.
· FFS: Exact definition of chip
· If other DL waveforms are included, further elaboration of the transmitter’s OOK generation would be needed.

Agreement
For R2D, line codes studied are: Manchester encoding and pulse-interval encoding (PIE).
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: Time domain definition of e.g., chips and relation to OFDM symbols, resource allocation unit, etc.

Agreement
Regarding FEC, R2D with no forward error-correction code (FEC) is studied as baseline.
· Evaluations would be by comparison to this baseline

Agreement
R2D study assumes use of CRC. FFS which CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.
· FFS: Association, if any, between down-selected CRC(s) and message size, considering at least false-alarm rate target

Agreement
D2R study assumes use of CRC. FFS which CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.
· FFS: Association, if any, between down-selected CRC(s) and message size, considering at least false-alarm rate target

Agreement
At least the following bandwidths for R2D are defined for the purpose of the study:
· Transmission bandwidth, Btx,R2D from a Reader perspective: The frequency resources used for transmitting R2D
· Occupied bandwidth, Bocc,R2D from a Reader perspective: The frequency resources used for transmitting R2D, and potential guard band
· Bocc,R2D ≥ Btx,R2D
· FFS: Further constraint(s) e.g. Bocc,R2D = Btx,R2D.
· Possible values of each bandwidth are FFS




In this contribution, we further discuss general aspects of physical layer design for Ambient IoT.
Discussion on general aspects of physical layer design for Ambient IoT
1.1     Waveform
In last RAN1 #116 meeting, the following agreement on R2D waveform was achieved [3].
	Agreement
A-IoT DL study includes an OFDM-based waveform from A-IoT R2D (reader-to-device) perspective. 
· Depending on what modulation(s) are decided to be studied:
· Study whether/how to handle CP at transmitter/device/design 
· Study other characteristics of the OFDM waveform, e.g.:
· CP-OFDM
· DFT-s-OFDM
· Etc.
· The type of OFDM waveform is transparent to A-IoT device.
Other waveforms from DL transmitter’s perspective can be proposed, and further discussion will consider whether or not they are included in the study.



CP issue for R2D
It is common understanding that reusing an OFDM structure for A-IoT R2D would have possibility for BS or intermediate UE to produce signal using existing OFDM-based hardware with necessary upgrades. We are open to study OFDM waveform. For the sake of SI progress, we prefer to focus on CP-OFDM and DFT-s-OFDM as baseline. Other waveforms from DL transmitter’s perspective can be proposed with low priority. In addition, whether or how to handle CP by A-IoT device side is a critical issue, which would bring potential impact on device complexity. Considering A-IoT devices with ultra-low complexity and ultra-low power consumption, it may be hard to conduct CP handling for A-IoT devices. How to subtract CP for A-IoT devices is intractable issue. Moreover, the potential gain of supporting CP should be identified for A-IoT devices with large initial sampling frequency offset (SFO). Hence, if CP is supported for A-IoT, at least the following issues need to be considered.
Proposal 1: If CP is supported for A-IoT, at least the following issues need to be considered:
· How to subtract CP by A-IoT devices.
· The potential impact on device complexity.
· Identify the potential gain of supporting CP in A-IoT system.

D2R waveform
[bookmark: _Hlk158208411]For D2R transmission of A-IoT device 1 and device 2a, the signal is backscattered on a carrier wave provided externally. A single-tone sinusoid waveform can be considered as the backscattered D2R waveform, and other waveform types for the UL transmission generated internally by the device can be further studied with low priority, e.g., single-tone, multi-tone, multiple single-tone.
[bookmark: _Hlk158208482]Proposal 2: A single-tone sinusoid waveform can be considered as backscattered D2R waveform provided externally.
Proposal 3: Further study on other waveform types for D2R transmission generated internally by the device with low priority.
· FFS: single-tone, multi-tone, multiple single-tone.

1.2     Modulation
2.1 
In last RAN1 #116 meeting, the following agreement on R2D waveform was achieved [3].
	Agreement
A-IoT DL study includes OOK from DL transmitter’s perspective.
· For an OFDM waveform, assume OOK-1 for single-chip per OFDM symbol transmission, and OOK-4 for M-chip per OFDM symbol transmission, starting from definitions in TR 38.869.
· FFS value(s) of M.
· FFS: Any changes needed from the definitions in TR 38.869.
· FFS: Exact definition of chip
· If other DL waveforms are included, further elaboration of the transmitter’s OOK generation would be needed.




The value(s) of M
For A-IoT DL study, we think it can reuse LP-WUS waveform design such as OOK-1/4 as much as possible. The definitions in TR 38.869 can be a starting point. Generally, OOK-4 with M-chip has an additional precoding procedure based on OOK-1, which only brings a little complexity for gNB implementation and has no impact on the receiving process of A-IoT devices. For the value of M, we prefer M=4 as baseline. The other value of M can be further studied, if necessary, e.g., M=2, 8.
Proposal 4: For A-IoT DL study, support OOK-4 with 4-chip per OFDM symbol transmission as baseline. 
· FFS: M=2, 8

UL modulation
For A-IoT UL study, it has possibility to conduct non-OFDM waveform. Considering the constraints of low device capability, we think some simple modulation mechanisms should be applied for A-IoT UL study. Thus, we can reuse OOK and BPSK as baseline. Other baseband modulation are not precluded.
Proposal 5: For A-IoT UL study, support OOK and BPSK as baseline. 
· Other baseband modulation is not precluded.

1.3     Line coding
In last RAN1 #116 meeting, the following agreement on R2D line coding was achieved [3].
	Agreement
For R2D, line codes studied are: Manchester encoding and pulse-interval encoding (PIE).
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: Time domain definition of e.g., chips and relation to OFDM symbols, resource allocation unit, etc.




Manchester encoding
For Manchester encoding using the mid-symbol phase inversion to represent coded data, there are two types of mapping. One is that data-0 means the phase inversion from high level to low level and data-1 means the phase inversion from low level to high level. The other is reverse, data-0 means the phase inversion from low level to high level and data-1 means the phase inversion from high level to low level. The phase inversion of Manchester code is used to keep synchronization between the sending and receiving devices with higher reliability and less complexity. Based on the above analysis, we think Manchester coding is a good choice for A-IoT devices with ultra-low complexity and ultra-low cost. Two types of Manchester coding can be supported for A-IoT system. Further study on whether down-selection or other clarification is needed or not.
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Fig 1. Illustration of two types of Manchester coding for A-IoT 
Proposal 6: Support two types of Manchester coding for A-IoT devices.
· Type 1: data-0 means the phase inversion from high level to low level and data-1 means the phase inversion from low level to high level.
· Type 2: data-0 means the phase inversion from low level to high level and data-1 means the phase inversion from high level to low level.
· FFS: whether down-selection or other clarification is needed or not.

UL line coding
In last RAN1 #116 meeting, the following proposal on UL line coding was made with no consensus [4].
	Proposal 3.3(II): For A-IoT UL, line codes study covers: Manchester encoding, FM0 encoding, Miller encoding, no line coding.
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: If/how to enabled frequency shift and FDM(A) among devices



The UL line coding mechanism has been well used in IoT and RFID system with the consideration of the complexity and robust, such as Manchester coding, FM0 and Miller. For T->R link in RFID system, tags shall encode the backscattered data as either FM0 (bi-phase space) or Miller modulation at a fixed data rate. A FM0 data-0 has an additional mid-symbol phase inversion while data-1 has no mid-symbol phase inversion. FM0 shall invert the baseband phase at every symbol boundary. Baseband Miller inverts its phase between two data-0s in sequence and also places a phase inversion in the middle of a data-1 symbol [5]. 
The basic functionalities of FM0 and Miller are similar to Manchester coding, which uses the mid-symbol phase inversion to represent coded data. In addition, if FEC is applied for A-IoT UL, there may be no need to conduct line coding with more complexity and no performance gain. Thus, for A-IoT UL, we think line codes can study including Manchester encoding, FM0 encoding, Miller encoding and no line coding. The more detailed mapping information can be further studied.
Proposal 7: For A-IoT UL, the following line codes can be studied: Manchester encoding, FM0 encoding, Miller encoding, no line coding.
· FFS: Mapping(s) from bit(s) to line-code codewords.

1.4     FEC
In last RAN1 #116 meeting, the following agreement on R2D FEC was achieved [3].
	Agreement
Regarding FEC, R2D with no forward error-correction code (FEC) is studied as baseline.
· Evaluations would be by comparison to this baseline




For R2D, no FEC is studied as baseline. However, for D2R, due to the constraints of low device capability, there may be possibility to conduct simple FEC coding for performance promotion, e.g., convolutional codes. However, other complex FEC coding may be hard to utilize especially for device 1. The details on polynomial(s), shift-register termination, etc. can be further studied. 
Proposal 8: For A-IoT UL study of FEC, support convolutional codes as a starting point.
· FFS: details such as polynomial(s), shift-register termination, etc.

1.5     CRC
In last RAN1 #116 meeting, the following agreement on CRC was achieved [3].
	Agreement
R2D study assumes use of CRC. FFS which CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.
· FFS: Association, if any, between down-selected CRC(s) and message size, considering at least false-alarm rate target

Agreement
D2R study assumes use of CRC. FFS which CRC generator polynomial(s) are assumed, and if any cases are included with no CRC.
· FFS: Association, if any, between down-selected CRC(s) and message size, considering at least false-alarm rate target




The agreements on R2D and D2R CRC study have been made with remaining FFS on CRC generator polynomial(s). There are two directions on CRC generator polynomial(s).
Direction 1: Reuse CRC generator polynomial(s) from RFID.
Direction 2: Reuse CRC generator polynomial(s) from NR in TS 38.212.

For RFID, a CRC is a cyclic redundancy check for the tag and interrogator to ensure the validity of certain R->T commands and certain backscattered T->R replies. There are two CRC types supported by RFID, i.e., CRC-16 and CRC-5. The length of CRC-16 precursor and CRC-5 precursor is 16 bits and 5 bits, respectively. The polynomial of CRC-16 is x16+x12+x5+1. And the polynomial of CRC-5 is x5+x3 +1. The detailed information on the calculation of CRC-16 and CRC-5 can be found in Annex F [5]. 
[bookmark: _Hlk162948768]For NR, there are some different generator polynomials with L=6,11,16,24. If the intention is to reuse an OFDM structure for A-IoT R2D with possibility of BS or intermediate UE to produce signal using existing OFDM-based hardware, Direction 2 would be supported with further discussion on the length of CRC, i.e., L. With no doubt, the proper length of CRC is closely related to the transmitted data size. The transmitted data size can be one or more candidate values to save calculation memory and avoid more complexity. The detailed value(s) can be further studied. Hence, we have the following proposals.
Proposal 9: Reuse CRC generator polynomial(s) from NR in TS 38.212.
· FFS: the length of CRC.
Proposal 10: The transmitted data size can be one or multiple candidate values.
· FFS: detailed values.

1.6     Multiple access
[bookmark: _Hlk157938043][bookmark: _Hlk157938027][bookmark: _Hlk158018297]For A-IoT system, considering hundreds and thousands of devices shall be supported for inventory and command scenarios, multiple access mechanism shall be studied to avoid collision. According to the traditional ALOHA protocol, the transmission of multi-user data can be separated by TDM method, thus similar mechanism can be as a starting point for simplicity and less specification impact. The priority principle of multi-user transmission can be predefined by gNB in TDM mode, with the consideration of user fairness or randomicity. When new use cases and specific requirements are identified, it is not precluded to support frequency division multiplexing (FDM) and code division multiplexing (CDM) with low priority.
Proposal 11: For A-IoT, support time division multiplexing (TDM) for the transmission of multi-user data as baseline. 
· Further study on the priority principle of multi-user transmission in TDM mode with user fairness or randomicity, which is up to gNB implementation.
· It is not precluded to support frequency division multiplexing (FDM) and code division multiplexing (CDM) unless new use cases and specific requirements are identified.

1.7     Numerologies
Subcarrier spacing (SCS)
It is common understanding that reuse an OFDM structure for A-IoT R2D would have possibility for BS or intermediate UE to produce signal using existing OFDM-based hardware with necessary upgrades. For A-IoT, it supports FR1 licensed spectrum in FDD. Thus, we can reuse SCS value in legacy NR FDD system as a starting point, e.g., 15KHz. It is not precluded to define new additional SCS value specific to A-IoT.
Proposal 12: For A-IoT, reuse SCS value in legacy NR system as a starting point, e.g., 15KHz.
· It is not precluded to define new additional SCS value specific to A-IoT.

1.8     Bandwidths
In last RAN1 #116 meeting, the following agreement on R2D bandwidth was achieved [3].
	Agreement
[bookmark: _Hlk162953657]At least the following bandwidths for R2D are defined for the purpose of the study:
· [bookmark: _Hlk162949651]Transmission bandwidth, Btx,R2D from a Reader perspective: The frequency resources used for transmitting R2D
· Occupied bandwidth, Bocc,R2D from a Reader perspective: The frequency resources used for transmitting R2D, and potential guard band
· Bocc,R2D ≥ Btx,R2D
· [bookmark: _Hlk162953830]FFS: Further constraint(s) e.g. Bocc,R2D = Btx,R2D.
· Possible values of each bandwidth are FFS




[bookmark: _Hlk162949946]The value of transmission bandwidth
The supported maximum bandwidth is 5MHz, 10MHz, 20MHz or 100MHz in FR1 for legacy LTE/NR UEs and (e)RedCap UEs. For NB-IoT and eMTC, the transmission bandwidth is 1RB (180KHz) and 6RB (1.08MHz), respectively. The transmission bandwidth size significantly affects the device performance and complexity. With the constraints of A-IoT device capability and low performance requirements, it can reuse 1RB (180KHz) transmission bandwidth as a starting point for both DL and UL. Further study on whether it is necessary to configure other values for A-IoT devices with low priority.
Proposal 13: Support the transmission bandwidth of 1RB (180KHz) for both DL and UL as a starting point. 
· FFS: other values with low priority.

UL bandwidth
In last RAN1 #116 meeting, the proposal on A-IoT UL bandwidth was made with no consensus [4]. We generally support this proposal with some wording revisions. In our perspective, the definition of UL bandwidth should be the same as DL. However, the detailed value can be supported with different number to meet specific requirements.
Proposal 14: At least the following bandwidths for D2R are defined for the purpose of the study:
· Transmission bandwidth, Btx,D2R from a device perspective: The frequency resources used for transmitting A-IoT D2R
· Channel bandwidth, Bchan,D2R from a device perspective: The frequency resources used for transmitting A-IoT D2R, and potential guard band.
· System bandwidth, Bsys,D2R from a device perspective: The frequency span containing all the frequency resources that can be scheduled by the Reader for A-IoT D2R from any number of devices (this does not assume any particular number of devices is supported). 
· Bsys,D2R ≥ Bchan,D2R > Btx,D2R
· Possible values of each bandwidth are FFS.

Conclusions
In this contribution, we have the following proposals:
Proposal 1: If CP is supported for A-IoT, at least the following issues need to be considered:
· How to subtract CP by A-IoT devices.
· The potential impact on device complexity.
· Identify the potential gain of supporting CP in A-IoT system.
Proposal 2: A single-tone sinusoid waveform can be considered as backscattered D2R waveform provided externally.
Proposal 3: Further study on other waveform types for D2R transmission generated internally by the device with low priority.
· FFS: single-tone, multi-tone, multiple single-tone.
Proposal 4: For A-IoT DL study, support OOK-4 with 4-chip per OFDM symbol transmission as baseline. 
· FFS: M=2, 8
Proposal 5: For A-IoT UL study, support OOK and BPSK as baseline. 
· Other baseband modulation is not precluded.
Proposal 6: Support two types of Manchester coding for A-IoT devices.
· Type 1: data-0 means the phase inversion from high level to low level and data-1 means the phase inversion from low level to high level.
· Type 2: data-0 means the phase inversion from low level to high level and data-1 means the phase inversion from high level to low level.
· FFS: whether down-selection or other clarification is needed or not.
Proposal 7: For A-IoT UL, the following line codes can be studied: Manchester encoding, FM0 encoding, Miller encoding, no line coding.
· FFS: Mapping(s) from bit(s) to line-code codewords.
Proposal 8: For A-IoT UL study of FEC, support convolutional codes as a starting point.
· FFS: details such as polynomial(s), shift-register termination, etc.
Proposal 9: Reuse CRC generator polynomial(s) from NR in TS 38.212.
· FFS: the length of CRC.
Proposal 10: The transmitted data size can be one or multiple candidate values.
· FFS: detailed values.
Proposal 11: For A-IoT, support time division multiplexing (TDM) for the transmission of multi-user data as baseline. 
· Further study on the priority principle of multi-user transmission in TDM mode with user fairness or randomicity, which is up to gNB implementation.
· It is not precluded to support frequency division multiplexing (FDM) and code division multiplexing (CDM) unless new use cases and specific requirements are identified.
Proposal 12: For A-IoT, reuse SCS value in legacy NR system as a starting point, e.g., 15KHz.
· It is not precluded to define new additional SCS value specific to A-IoT.
Proposal 13: Support the transmission bandwidth of 1RB (180KHz) for both DL and UL as a starting point. 
· FFS: other values with low priority.
Proposal 14: At least the following bandwidths for D2R are defined for the purpose of the study:
· Transmission bandwidth, Btx,D2R from a device perspective: The frequency resources used for transmitting A-IoT D2R
· Channel bandwidth, Bchan,D2R from a device perspective: The frequency resources used for transmitting A-IoT D2R, and potential guard band.
· System bandwidth, Bsys,D2R from a device perspective: The frequency span containing all the frequency resources that can be scheduled by the Reader for A-IoT D2R from any number of devices (this does not assume any particular number of devices is supported). 
· Bsys,D2R ≥ Bchan,D2R > Btx,D2R
· Possible values of each bandwidth are FFS.
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