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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-bis meeting [3], the following agreements were achieved for general aspects of physical layer design for Ambient IoT as follows:
	Agreement
Study time-domain multiple access of D2R transmissions. Further details, including pros/cons, are FFS.

Agreement
Study frequency-domain multiple access of D2R transmissions, at least by utilizing a small frequency-shift in baseband. Further details, including pros/cons, are FFS.

Agreement
Whether code-domain multiple access is feasible and necessary for D2R transmissions for all devices is FFS.

Agreement
The following bandwidths for D2R are defined for the purpose of the study:
· Transmission bandwidth, Btx,D2R: The frequency resources scheduled by a reader for a D2R transmission from one device.
· FFS in agenda 9.4.2.3: how frequency resources scheduled by a reader are determined
· Occupied bandwidth, Bocc,D2R: The transmission bandwidth plus the potential associated intra A-IoT guard-bands totalling Bguard,D2R
· Note: this guard band is not for coexistence with NR/LTE
· If/how to define guard band for coexistence between A-IoT D2R and NR/LTE is up to RAN4.
· Bocc,D2R >= Btx,D2R
· Possible values of each bandwidth are FFS

Agreement
For D2R, study: Manchester encoding, FM0 encoding, Miller encoding, no line coding.
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: How to achieve small frequency shift in baseband and/or FDM(A) among devices
· Aspects to study include:
· Spectrum shape
· Complexity
· Power consumption
· BER, BLER
· Resilience to SFO
· If there is any relation to CFO

Agreement
A-IoT D2R study of FEC includes at least convolutional codes.
· Comparisons are encouraged to compare to the case of no FEC
· FFS details of convolutional codes, such as polynomial(s), shift-register termination, etc.
· FFS if other FEC candidates/methods will be studied.

Agreement
Study
· baseline: using 6 bits and 16 bits CRC with polynomials from TS 38.212, or no CRC, for PRDCH
· baseline: using 6 bits and 16 bits CRC with polynomials from TS 38.212, or no CRC, for PDRCH
· FFS: details when different CRC lengths or no CRC may be used
· FFS: other 6 bits and 16 bits CRC with different polynomials than from TS 38.212

Agreement
Study D2R transmission in the physical layer using repetition
· Note: Discussions regarding higher-layer repetitions are up to RAN2.

Agreement
R2D study includes subcarrier spacing of 15 kHz, from the reader perspective, for OFDM-based waveform.
· Inclusion in the study of subcarrier spacing of 30 kHz is FFS.

Agreement
For R2D study OFDM-based waveform with subcarrier spacing of 15 kHz, Btx,R2D is ≤ [12] PRBs and is down-selected among:
· Alt 1: Including 180 kHz, 360 kHz, and FFS other values
· Alt 2: Integer multiple(s) of 180 kHz (FFS: what integer(s))
· Alt 3: Integer multiple(s) of the subcarrier spacing (FFS: what integer(s))

Agreement
For R2D CP handling for OFDM based OOK waveform:
· For potential down-selection, study among the following candidate methods
· Method Type 1: Removal of CP at device without specified transmit-side 
· FFS: How device determines the CP location
· FFS: Impact on feasibility of device SFO
· FFS: relation to M, if any
· Method Type 2: Ensure the CP insertion of OFDM-based waveform will not introduce false rising/falling edge between the last OOK chip in OFDM symbol (n-1) and the first OOK chip in OFDM symbol n.
· FFS: Whether/how to arrange that OOK chips have equal length after CP insertion
· FFS: relation to M, if any
· FFS: Detail of relationship to line code codewords
· FFS: Impact on feasibility of device SFO
· [Other method types are not precluded]
· Study of the methods should include e.g.:
· CP impact on R2D timing acquisition, and decoding & performance of PRDCH
· Reader and device implementation complexities
· Interference between R2D and NR DL/UL if in the same NR band
· Spectrum efficiency

Agreement
Study for all devices the following for D2R baseband modulation, for potential down-selection:
· OOK
· Binary PSK
· Binary FSK
· Strive to identify one variant of Binary FSK to study further




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
CP handling for R2D
In last RAN1 #116-bis meeting, the following agreement on CP handling for R2D was achieved [3].
	Agreement
For R2D CP handling for OFDM based OOK waveform:
· For potential down-selection, study among the following candidate methods
· Method Type 1: Removal of CP at device without specified transmit-side 
· FFS: How device determines the CP location
· FFS: Impact on feasibility of device SFO
· FFS: relation to M, if any
· [bookmark: _Hlk166074913]Method Type 2: Ensure the CP insertion of OFDM-based waveform will not introduce false rising/falling edge between the last OOK chip in OFDM symbol (n-1) and the first OOK chip in OFDM symbol n.
· FFS: Whether/how to arrange that OOK chips have equal length after CP insertion
· FFS: relation to M, if any
· FFS: Detail of relationship to line code codewords
· FFS: Impact on feasibility of device SFO
· [Other method types are not precluded]
· Study of the methods should include e.g.:
· CP impact on R2D timing acquisition, and decoding & performance of PRDCH
· [bookmark: _Hlk166074403]Reader and device implementation complexities
· Interference between R2D and NR DL/UL if in the same NR band
· Spectrum efficiency




Regarding the two method types for potential down-selection, the key point is how to remove CP at device side. The reader and device implementation complexities should be studied further. Maybe no CP can be also supported. For method type 1, considering the different CP lengths in different OFDM symbol index supported in NR system (see details in TS 38.211), it requires A-IoT devices to know detailed OFDM symbol index and then to determine the CP location. The CP length in first OFDM symbol is larger than the other OFDM symbols in a slot. Hence, it needs A-IoT devices to know the exact OFDM symbol index, which would bring more implementation complexity and unexpected mistakes due to large initial sampling frequency offset (SFO). However, for method type 2, it obviously increases additional complexity for reader and device implementation. How to ensure CP insertion of OFDM-based waveform will not introduce false rising/falling edge is still unclear. It gives more restrictions on CP insertion.
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In our perspective, if CP is supported, the removal of CP should be specified with considering reader and device complexity. Otherwise, we support no CP for R2D. There are two common methods to determine the CP location and then remove CP at device side. One is to count samples from the acquired timing clock, which is simple to implement and has been well used in RFID system. The other is by comparing the interval between adjacent transition edges. The above two methods can be further considered with potential down-selection. Hence, we have the following proposal.
Proposal 1: If CP is supported for A-IoT R2D, the removal of CP can be considered for potential down-selection as follows:
· Method 1: By counting samples from the acquired timing clock as used in RFID system.
· Method 2: By comparing the interval between adjacent transition edges.
· The impact on reader and device complexity.
· FFS: more details if any

1.2     Modulation
2.1 
The value(s) of M
For A-IoT DL study, 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 brings acceptable complexity for gNB implementation and has no impact on the receiving process for A-IoT devices. Regarding the value of M, we prefer M=4 as baseline. The other value of M can be further studied, if necessary. During the discussion in last RAN1 #116-bis meeting, a wide range of values is proposed, e.g., M=1, 2, 4, 8, 16, 24, 32 [4]. We think the early down-selection is needed. The larger value than 8 might be too complicated for A-IoT devices with ultra-low complexity. Hence, we have the following proposal.
Proposal 2: For A-IoT DL study, support OOK-4 with 4-chip per OFDM symbol transmission as baseline. 
· FFS: M=1, 2, 8

1.3     Coding
During the discussion in RAN1 #116 meeting and RAN1 #116-bis meeting, Manchester encoding has been agreed to study for both R2D and D2R. However, the mapping(s) from bit(s) to line-code codewords is still FFS.
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 3: 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, i.e., bit 0→chips {10}, bit 1→chips {01}
· 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, i.e., bit 0→chips {01}, bit 1→chips {10}
· FFS: whether down-selection or other clarification is needed or not.

1.4     CRC
In last RAN1 #116-bis meeting, the following agreement on CRC was achieved [3].
	Agreement
Study
· baseline: using 6 bits and 16 bits CRC with polynomials from TS 38.212, or no CRC, for PRDCH
· baseline: using 6 bits and 16 bits CRC with polynomials from TS 38.212, or no CRC, for PDRCH
· FFS: details when different CRC lengths or no CRC may be used
· FFS: other 6 bits and 16 bits CRC with different polynomials than from TS 38.212




[bookmark: _Hlk162948768]In our perspective, using 6 bits and 16 bits CRC with polynomials from TS 38.212 as baseline is enough, no need to have other different CRC polynomials as used in RFID. As a common understanding, the link performance is significantly impacted by CRC lengths, not CRC polynomials. Hence, we suggest deleting the last FFS. 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 4: No need to consider other 6 bits and 16 bits CRC with different polynomials than from TS 38.212.
Proposal 5: The transmitted data size can be one or multiple candidate values.
· FFS: detailed values.

1.5     Bandwidths
[bookmark: _Hlk162949946]The value of transmission bandwidth
In last RAN1 #116-bis meeting, the agreement on the transmission bandwidth has been made for down-selection [3].
	Agreement
For R2D study OFDM-based waveform with subcarrier spacing of 15 kHz, Btx,R2D is ≤ [12] PRBs and is down-selected among:
· Alt 1: Including 180 kHz, 360 kHz, and FFS other values
· Alt 2: Integer multiple(s) of 180 kHz (FFS: what integer(s))
· Alt 3: Integer multiple(s) of the subcarrier spacing (FFS: what integer(s))




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. Regarding the three alternatives in the above agreement, we prefer Alt2. We think integer multiple(s) of 180 kHz is needed, which have good alignment with NR system and can avoid additional boundary alignment. Further study on whether it is necessary to configure other values for A-IoT devices is deprioritized.
Proposal 6: Support the transmission bandwidth of 1RB (180kHz) for R2D as a starting point. 
· Integer multiple(s) of 180 kHz (FFS: what integer(s)).

Conclusions
In this contribution, we have the following proposals:
Proposal 1: If CP is supported for A-IoT R2D, the removal of CP can be considered for potential down-selection as follows:
· Method 1: By counting samples from the acquired timing clock as used in RFID system.
· Method 2: By comparing the interval between adjacent transition edges.
· The impact on reader and device complexity.
· FFS: more details if any
Proposal 2: For A-IoT DL study, support OOK-4 with 4-chip per OFDM symbol transmission as baseline. 
· FFS: M=1, 2, 8
Proposal 3: 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, i.e., bit 0→chips {10}, bit 1→chips {01}
· 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, i.e., bit 0→chips {01}, bit 1→chips {10}
· FFS: whether down-selection or other clarification is needed or not.
Proposal 4: No need to consider other 6 bits and 16 bits CRC with different polynomials than from TS 38.212.
Proposal 5: The transmitted data size can be one or multiple candidate values.
· FFS: detailed values.
Proposal 6: Support the transmission bandwidth of 1RB (180kHz) for R2D as a starting point. 
· Integer multiple(s) of 180 kHz (FFS: what integer(s)).

References
[1] [bookmark: _Ref162536537][bookmark: _Ref61271833][bookmark: _Ref76651243]RP-234058, New SID: Study on solutions for Ambient IoT (Internet of Things) in NR, 3GPP TSG RAN Meeting #102, Edinburgh, UK, December 11th -15th, 2023.
[2] [bookmark: _Ref162536546]RP-240826, revised SID: Study on solutions for Ambient IoT (Internet of Things) in NR, 3GPP TSG RAN Meeting #103, Maastricht, Netherlands, March 18-21, 2024.
[3] [bookmark: _Ref162536554]3GPP RAN1 Chairman’s Notes, 3GPP TSG RAN1 meeting #116-bis, Changsha, Hunan Province, China, April 15th – 19th, 2024.
[4] [bookmark: _Ref162944484]R1-2403679, Feature Lead Summary#4 for 9.4.2.1 Ambient IoT – General aspects of physical layer design, 3GPP TSG RAN1 meeting #116-bis, Changsha, Hunan Province, China, April 15th – 19th, 2024.
1
  
image2.png
N = 204827
512274 extended cyclic prefix
N&p, =q144x-27# +16x  normal cyclic prefix, /=0or/=7-2*
144K -27# normal cyclic prefix, /#0and/#7-2*




image3.png
amplitude

amplitude

Type 1

data-0 data-1
1
T
0
time(t) T time(t)
-1
Type 2
data-0 data-1
1
T
0
T time(t) time(t)

-1





