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1. Introduction
In RAN1 #116bis meeting, following agreements were made for general aspects of physical layer design [1].  
	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 discuss remaining issues on general aspects of physical layer design, including waveform, modulation, coding, numerology, bandwidth and multiple access.
2. General design principle
According to SID, a harmonized air interface design with minimized differences for different A-IoT device types should be studied in Rel-19 SI. The challenge of air interface design is the allowed power consumption and complexity to meet the indoor inventory and command use cases, and the device 1 with ~1 power consumption puts most constraints for air interface design. Hence, air interface design, including waveform, modulation, coding etc., applicable to A-IoT device with ~1 power consumption should be prioritized. Optimizations only applicable for device with hundreds of  power consumption, while not feasible for 1 device type, should be down-prioritized.
[bookmark: _Hlk159252288][bookmark: PP1]Proposal 1: A harmonized air interface design, including waveform, modulation, coding etc., applicable to A-IoT device with ~1 power consumption should be prioritized. 
· Optimizations for device with hundreds of  power consumption should be down-prioritized. 
Besides, harmonized design for different topologies in physical layer is also required according to SID. However, it is not clear whether harmonized design for different topologies is only applicable to baseband signal/procedure design, or even the frequency band (e.g., DL and/or UL spectrum) should be aligned for different topologies. In our understanding, the harmonized design for different topologies is required only to physical layer channel design and procedure design between the Reader and A-IoT device, while the same frequency spectrum, including same spectrum for CW2D, D2R, R2D is not mandated for different topologies. Even for NR UEs, different UEs may support different frequency bands, while the physical layer channel and procedure design is the same for different frequency bands, where a harmonized design is achieved without mandating same operating frequency resources.
[bookmark: _Hlk163050361][bookmark: PP2]Proposal 2: For A-IoT system, the harmonized design for different topologies is required only to physical layer signal/channel and procedure design.
· the same frequency spectrum, including same DL/UL spectrum for CW2D, D2R, R2D is not mandated for different topologies.
In TR38.848, the design target for user experience data rate is ‘maximum not less than 5 kbps, and minimum not less than 0.1 kbps’ for A-IoT UL and DL. The user experience data rate for A-IoT is defined in TR22.840 before RAN study, where the requirements for user experience data rate is generally lower than 1 kbps. The user experienced data rate is the number of information bits (message size) divided by tolerable end-to-end delay which is at the level of seconds or minutes. 
However, instant data rate, which is defined as number of information bits delivered within the time duration allocated for actual signal/channel transmission via air-interface. The instant data rate does not consider traffic interval without actual transmission, and it can provide better guidance for physical channel design study in WG, and should be used as the metric for design target for data rate. The 0.1kbps user experienced data rate is referred from SA requirements, which takes the traffic interval without actual transmission into user experienced data rate calculation. Hence, Instant data rate is greater than user experience data rate. In UHF RFID C1Gen2, the range for R2D data rate is about 26~100kbps. The data rate range for D2R is between 5kbps (40kHz BLF with Miller-8 code) and 640kbps (640kHz BLF with FM0 code). 
For A-IoT evaluation, it was agreed the reference data rate is [0.1, 1, 5] kbps. However, such data rate is only for evaluation purpose rather than the design target. For A-IoT design, instant data rate comparable with UHF RFID C1Gen2 should be considered, i.e., several tens of kbps for R2D and up to a few hundred kbps for D2R.
[bookmark: OB1]Observation 1: The 0.1kbps user experienced data rate is referred from SA requirements, which takes the traffic interval without actual transmission into user experienced data rate calculation, which cannot provide guidance to RAN1 channel design.
[bookmark: _Hlk159252236][bookmark: PP3]Proposal 3: Instant data rate, which is defined as the number of information bits delivered within the time duration allocated for actual signal/channel transmission via air-interface, is used as the metric of design target for data rate. 
· Several tens of kbps for R2D and up to a few hundred kbps for D2R can be considered as starting point.
3. Waveform and modulation 
3.1. Waveform and modulation for A-IoT R2D
RAN1 agreed to study OFDM-based OOK modulation for R2D transmission. Both OOK-1 and OOK-4 supported by LP-WUS can be reused for R2D transmissions with variable data rates. One remaining issue is whether the OOK waveform is based on DFT-s-OFDM waveform or CP-OFDM waveform. As is known, OOK-1 can be considered as a special case of OOK-4 with M=1 for a unified design when OOK-1 and OOK-4 are based on DFT-s-OFDM, which is applicable for both gNB reader as discussed under Rel-19 LP-WUS WI or intermediate UE reader which already supports DFT-s-OFDM since LTE/NR. In RAN1 #116bis meeting, there was a proposal for the relation between CP-OFDM/DFT-s-OFDM and FDD spectrum. Since DFT-s-OFDM can be supported by both gNB and UE reader, DFT-s-OFDM can be applied for both FDD-UL and FDD-DL spectrum.
[bookmark: _Hlk163050440][bookmark: PP4]Proposal 4: Support A-IoT R2D transmission with DFT-s-OFDM based OOK-1 waveform and OOK-4 waveform in both FDD-UL and FDD-DL spectrum.  
Based on existing OFDM waveform, CP is always added in front of each OFDM symbol. Though A-IoT device does not demodulate OFDM symbol, the CP part of OFDM symbol still may impact A-IoT device reception. It is noted that, unlike OOK detection assumed in LP-WUS, which is based on joint processing of multiple samples per OOK chip with a higher frequency sampling rate such as 7.68MHz, A-IoT device is only capable of much simpler digital BB processing with a lower sampling rate, e.g., counting the number of clocks between adjacent two edges in the middle of each bit period and re-synchronizes local clock at the end of every bit period, e.g., every 2 or 4 OOK chips in case of Manchester coding [2] with much lower sampling rate. If CP part changes the interval or changes the relative location of the signal edge in a bit period, Manchester/PIE decoding and self-clocking would be impacted. If M=1 (M is the number of OOK chips in a OFDM symbol), i.e., one OOK chip per OFDM symbol, CP does not have impact. But if M >1, CP would be problematic, even when M value is relatively small. Figure 1 provides an example of false rising and falling edge introduced by CP between the last OOK chip in OFDM symbol (n-1) and the first OOK chip in OFDM symbol n. 


[bookmark: _Ref166147291]Figure 1  Fake OOK chips caused by CP 
To avoid impact of CP, RAN1 agreed to further study two methods for CP handling, with the assumption of normal CP insertion as NR. 
For Method Type 1, it is assumed no special handling at transmitter side. OOK-1/OOK-4 generation with OFDM waveform considered by Rel-19 LP-WUS WI can be directly reused, and existing line coding such as Manchester coding or PIE coding can be reused. CP removal is handled by A-IoT device. There can be various implementation to remove CP discussed by companies.
· Implementation 1: A-IoT device can find OFDM symbol boundary and accurately remove CP based on the knowledge of OFDM symbol boundary, OFDM symbol duration and CP duration. 
However, it would be complicated for A-IoT device to precisely find OFDM symbol boundary. Considering variable interval between adjacent OFDM symbol boundary caused by variable CP length across OFDM symbols, i.e., longer CP (5us) for 1st OFDM symbol every 0.5 ms while shorter CP (4.6us) for other OFDM symbols, it may require R2D transmission to always start from a given OFDM symbol, e.g., starting from 1st OFDM symbol, so that the device knows longer CP for the start of R2D transmission and shorter CP for next 6 OFDM symbols. Furthermore, considering large SFO, even if A-IoT device can be aware of OFDM symbol boundary, the device may not drop CP exactly at OFDM symbol boundary. For example, with 10% SFO, the timing error within a bit period would be 3.33us in case of OOK-4 with M=2, which is more than half of CP duration. Consequently, due to inaccurate CP dropping, e.g., only drop part of CP rather than whole CP, false transition edges caused by CP shown in Figure 1 may still exist due to inaccurate CP dropping.

· Implementation 2: A-IoT device can identify fake transition edges caused by CP and skip the fake transition edges. 
If A-IoT device can differentiate fake OOK chip generated by CP and normal OOK chip by comparing the length, e.g., if the fake OOK chip length is far shorter than a normal OOK chip, A-IoT device may drop the fake OOK chip. Such implementation does not require any specific assumption/knowledge of OFDM symbol index of R2D transmission, and the removal of CP may not be impacted by timing error caused by SFO. As shown in [2], existing Manchester decoding implementation already supports drop of invalid OOK chip by checking the received OOK chip length with a threshold, at least for synchronization purpose. However, such implementation implies a limit on the maximum value of M to ensure sufficient difference between CP length and normal OOK chip length. For example, if M=12, the CP length would be comparable to a normal OOK chip length (4.6us/5us vs 5.56us), the device may not differentiate CP and normal OOK chip. 
For both implementations, preamble should be elaborately designed to guarantee proper estimation of normal OOK chip length and timing acquisition. For example, end of preamble is aligned with OFDM symbol boundary and last OOK chip of preamble is OOK OFF chip (to keep the same state of the delimiter) to avoid additional pulse before the preamble as shown in Figure 1, more details on R2D preamble design considering the CP impact can be found in our contribution [3].
[bookmark: OB2]Observation 2: For CP handling method type 1: 
· It would be infeasible for A-IoT device to accurately remove CP as normal UE does due to large SFO and limited signal processing capability.  
· A-IoT device may identify invalid chip caused by CP by comparing the chip length and a threshold, if the CP length is much shorter than a normal OOK chip duration, e.g., if M is not larger than 8. The threshold is derived by OOK chip length estimated by preamble. 
· Preamble should be elaborately designed to guarantee proper estimation of normal OOK chip length and timing acquisition.
For Method Type 2, the design target is to avoid false rising/falling edge between the last OOK chip in OFDM symbol (n-1) and the first OOK chip in OFDM symbol n after CP insertion of OFDM symbol. It implies the design of R2D transmission should meet following two conditions: 
Condition 1:  End of OFDM symbol n should have same OOK state with the end of OFDM symbol (n-1) or same OOK state with start of OFDM symbol n to ensure there is no additional pulse caused by CP insertion, i.e., avoid error case in Figure 1. 
It would be difficult to meet condition 1 based on existing Manchester or PIE coding, because the presence of a bit ‘0’ and bit ‘1’ would be quite random at least for data part. In other words, to meet condition 1, it requires new line code design, such as [4] [5], which would increase decoding complexity for more complicated coding method or worse self-clocking due to less transition edge in a bit period.   Moreover, such line code design is based on assumption of certain M value to ensure all OOK chips for one bit do not cross OFDM symbol boundary, which adds gNB scheduling restriction. On the other hand, it would be easier for preamble to meet condition 1 by well-designed ON/OFF pattern. 
If reusing existing line code, parity OOK chips for data transmission can be inserted to OFDM symbols to meet condition 1. However, the parity OOK chips result in degraded spectrum efficiency, and mechanism to let A-IoT device to drop the parity chips is needed, which also complicates reception behavior. 
Alternatively, OOK chip lengths (variable M values) can be changed across OFDM symbols according to OOK chip values [5][6] to shift the last OOK chip of OFDM symbol n to next OFDM symbol n+1, to meet condition 1. Considering typically the decoding algorithm can tolerant certain range of variation of OOK chip length, this method can be supported by gNB implementation and it is transparently to the device. However, the tolerant range depends on M value, which implies the restriction on limited candidate M value. For example, assuming M=2 or M=3 across OFDM symbols. If the threshold for 2T is ±50% of T [2], i.e., 1.5T~ 2.5T as threshold window for 2T and 0.5T~1.5T for T, and T is derived by M=2, i.e., T=35.7us. In an OFDM symbol with M=3, 2T’ based on M=3 would fall into the 0.5T~1.5T window, thus it is wrongly decoded as T. Besides, variable M in different OFDM symbols also impact timing correction.  
Condition 2:  CP duration is shorter than a normal OOK chip to avoid extended OOK chip length caused by CP insertion larger than the decoding threshold. 
For an example shown in Figure 2, CP part has same OOK state with last OOK chip before the CP. CP part results in larger interval between the transition edges, i.e., change T to 2T between two edges. A-IoT device cannot correctly decode the bit, e.g., miss-decode 1st bit ‘1’ after CP as ‘0’ because the interval between two edges is extended to approximately 2T. The CP also leads to one chip timing offset which also impacts decoding of subsequent bits, e.g., miss-decode 2nd  bit ‘1’ after CP as ‘0’ again.



[bookmark: _Ref166249226]Figure 2. Extended interval between adjacent bits caused by CP 
To meet condition 2, maximum M value should be set to ensure CP length smaller than one OOK chip length. For example, assuming all OOK chip length is the same within one OFDM symbol after CP insertion, the maximum value M is determined by ~ 71us/5us = 14. The first OOK chip before CP insertion would be very short, e.g., 0.12us, to ensure almost same OOK chip length after CP insertion. 

Another discussion point for method type 2 is whether/how to arrange that OOK chips have equal length after CP insertion. The motivation to have same OOK chip length after CP insertion is to avoid longer chip length for 1st OOK chip which may result in wrong decoding, if the chip length is larger than the threshold window for decoding. If M is relatively small, e.g., no larger than 8, the impact may be minor. If larger M value (but still should be restricted by condition 2) is justified, e.g., M up to 12, it is necessary to have same OOK chip length after CP insertion. But having equal OOK chip length after CP insertion requires OOK chip duration for 1st OOK chip before CP insertion shorter than other OOK chips, resulting in non-integer number of OOK chips in an OFDM symbol duration before adding CP. Moreover, the non-integer number varies in different OFDM symbols due to long and short CP length. Based on OOK-4 OFDM waveform generation discussion in LP-WUS, it is unclear how to generate non-integer number of OOK chips. For example, assuming one PRB for R2D transmission based on OOK-4 with M=4, 3.75 OOK chips is within the OFDM symbol duration without CP, it is unclear how to map these 3.75 OOK chips on 12 samples before DFT operation. 

For both method type 1 and method type 2, due to the presence of CP for R2D transmission, NR DL and R2D transmission can be orthogonal in case of the same transmitter. If NR DL and R2D is transmitted from different node, e.g., R2D by indoor gNB and NR DL by outdoor gNB, the orthogonality may be destroyed, e.g., if Tx timing is not aligned or due to large propagation delay difference, but such inter-system interference is a separate issue from CP handling.     

Table 1 Comparison among method type 1 and 2
	
	gNB complexity and scheduling restriction 
	Device complexity 
	Spectrum efficiency 
	Impact on R2D performance (including timing and decoding)

	Method type 1
	Implementation 1:
Remove CP based on knowledge of CP location/len
	· Existing gNB implement
· Restriction on maximum M value
	High complexity, 
need to know OFDM symbol boundary and index, better SFO to accurately remove CP
	No additional degradation caused by CP compared with NR. 
	No impact if CP can be accurately removed, otherwise, degrade R2D performance

	
	Implementation 2:
Drop fake chip by comparison of chip length and threshold
	· Existing gNB implement
· Restriction on maximum M value
	Low complexity to remove CP by dropping chips with irregularly short length
	
	No impact for certain range of M values, otherwise, degrade R2D performance

	Method type 2
	Implementation 1:
Modify line code
	Complexity depending on detailed line code design. 

Restriction on M value to align with line code rule
	Complicated to support non-integer number of OOK chips before CP insertion for OOK-4
	Higher complexity for complicated decoding algorithm than RFID
	May degrade depending on detailed line code design 
	Performance of modified line code needs further evaluation 

	
	Implementation 2:
Add parity bits
	Complicated to insert parity bits

Restriction on maximum M value
	· 
	Higher complexity to identify parity bits 
	Degrade due to parity bits
	No impact

	
	Implementation 3:
Adjust M for different OFDM symbols
	· Complicated to decide M or M-1 in an OFDM symbol
· Restriction on limited M value, e.g., only M=5&6 is feasible
	Low complexity 
	Degrade due to variable M, e.g., in OFDM symbols with M-1
	No impact for certain M, otherwise, degrade R2D performance



[bookmark: _Hlk163050447][bookmark: OB3]Observation 3: For CP handling method type 2: 
· The design should meet (1) End of OFDM symbol n has same OOK state with the end of OFDM symbol (n-1) or same OOK state with start of OFDM symbol n to ensure there is no additional pulse after CP insertion (2) CP duration is shorter than a normal OOK chip to avoid extended OOK chip length after CP insertion larger than the decoding threshold.
· (1) can be met with new line code design, or adding parity bits, or adjust OOK chip length across OFDM symbols at cost of higher complexity for reader and/or receiver side as well as lower spectrum efficiency. (2) can be met with restriction of maximum M value, e.g., M smaller than 14. 
· It may not necessarily require same OOK chip length for each OOK chip in a OFDM symbol after CP insertion at least for relatively small M values, e.g., M no larger than 8. If OOK chip length is same for each OOK chip in a OFDM symbol after CP insertion, LP-WUS OOK-4 waveform generation may not be directly reused due to non-integer number of OOK chips before DFT operation. 
· Preamble should be elaborately designed to meet (1) &(2) to guarantee proper estimation of normal OOK chip length and timing acquisition.  
3.2. Waveform and modulation for A-IoT D2R
In RAN1 #116bis meeting, RAN1 agreed to study OOK, BPSK and B-FSK for all devices for D2R baseband modulation, for potential down-selection. 
For backscatter D2R transmission, OOK and BPSK waveform are already supported in RFID C1Gen2. In these waveforms, OOK waveform is widely used in commercial RFID products, and it has been justified that it can be supported by device with ~1 power consumption [7]. And BPSK can also achieve <1uw power consumption [8]. The BPSK modulation for D2R link is supported without additional change on designs for OOK waveform. 
[bookmark: _Hlk159252320]For A-IoT D2R waveform and channel design, the same principle as that for RFID can be reused that, the D2R link design, including sync, channel structure, etc., should focus on OOK waveform, and D2R link design specifically to optimize D2R using BPSK modulation should be avoided to reduce work load.
[bookmark: _Hlk163050495][bookmark: PP5][bookmark: _Hlk159252326]Proposal 5: A-IoT D2R link study for baseband modulation includes OOK and BPSK
· The D2R link design, including sync, channel structure, etc., should focus on OOK waveform, and D2R link design specifically to optimize D2R using BPSK modulation should be avoided.
Binary FSK modulation for D2R link was also discussed during last meeting with doubts on benefit and feasibility of B-FSK. Typically, FSK modulation for backscatter transmission is realized by toggling/switching the impedance in different frequencies [9], as shown in following Figure 3.
However, FSK for D2R backscatter transmission has lower spectral efficiency compared with OOK modulation, since two frequencies should be reserved for D2R Link, and it is unfriendly for network deployment. Considering  10^5 ppm SFO, sufficiently large gap between the two frequencies should be reserved to ensure detection performance, which further reduce the spectral efficiency. 
Regarding baseband signal generation and detection method, one opinion raised during the discussion is that FM0 coded OOK waveform is equivalent to 2FSK modulation. Actually, FM0 is not equivalent to 2FSK in time domain waveform, spectrum, and detection algorithm. The time domain waveform of FM0 and 2FSK is shown in the following Figure 4. When the input bit sequence to FM0 encoder is all ‘0’s or all ‘1’s, it is very clear that these two sequences are modulated to two different frequencies. However, each bit in the bit sequence is composed of a uniform distribution of bit 0 and bit 1, consequently, a 2FSK like frequency spectrum, i.e., with two frequency components in PSD, can NOT be clearly observed from the spectrum of FM0 coded bit sequence, as shown in Figure 4(c). As a result, the classic FM0 decode/demodulation algorithm does not exploit any frequency domain characteristics [10]. Hence, FM0 coded bit sequence cannot be regarded as FSK modulation, from both transmission/and reception perspective. Besides, the FM0 has exact the same frequency spectrum as Manchester coding according to [10], if FM0 code is regarded as FSK, Manchester code can also be regarded as FSK which is clearly incorrect inference.
[image: ]
[bookmark: _Ref166249256]Figure 3. Illustration of a tag backscattering 2FSK-modulated signals错误!未找到引用源。

[image: ]
[bookmark: _Ref166194123]Figure 4(a). Illustration of FM0-modulated signals with all ‘0’ and all ‘1’ sequence
[image: ]
Figure 4 (b). Illustration of FM0/2FSK modulated signals with random ‘0’/’1’ sequence and same symbol rate
[image: ][image: ]   
                           (I)  Spectrum for 2FSK                                                                      (II)  Spectrum for FM0
Figure 4 (c). Illustration of spectrum of FM0/2FSK modulated signals of Figure 4(b)
[bookmark: OB4][bookmark: _Hlk163050518]Observation 4: FM0 coded OOK cannot be regarded as FSK waveform.
· The spectrum of FM0 coded bit is clearly different from spectrum from 2-FSK.
· The receiver of FM0 coded bits does not exploit any frequency domain characteristics.
[bookmark: PP6]Proposal 6: FSK is not supported for D2R link due to
· FSK has lower spectrum efficiency
· Reliability is susceptible due to frequency error
4. Coding 
It has been agreed that for A-IoT R2D, line codes including Manchester encoding and pulse-interval encoding (PIE) are for further studied while forward error-correction code (FEC) is not considered. For A-IoT D2R, Manchester encoding, FM0 encoding, Miller encoding, no line coding and FEC coding includes at least convolutional codes are considered to study. In this section, we will discuss the pros and cons of using FEC and line code for A-IoT.
4.1. Line code for R2D
Line codes are used in RFID communication system. For example, Manchester and PIE are widely used for reader to tag link in RFID systems. 
PIE and Manchester code are used in reader->tag link in RFID systems [16][17], due to low detection complexity. PIE (Pulse Interval Encoding) code is a type of RFID communication protocol that encodes data into the duration of pulses or the duration between pulses, as shown in Figure 5.  
[image: ]
Figure 5. PIE code in UHF RFID C1Gen2
Manchester code, on the other hand, encodes data by toggling the signal between high and low states. For Manchester code, information bit ‘0’ is encoded to ‘01’, and information bit ‘1’ is encoded to ‘10’.
Both Manchester code and PIE code can be decoded by ~1 device. While the symbol duration for PIE code is not equal between ‘data-0’ and ‘data-1’, which means the total transmission length is not constant for a given payload size, depending on number of bits with value ‘0’ and number of bits with value ‘1’ in the payload.
[bookmark: _Hlk159252340][bookmark: OB5]Observation 5: PIE code may lead to non-constant transmission length for the same payload size, due to un-equal waveform length for bit ‘1’ and bit ‘0’.
To have same transmission duration for a TB irrespective of number of bits with value ‘0’ and number of bits with value ‘1’ in the payload, Manchester code is preferred. One bit ‘0’ can be mapped to two chips of {0,1} or {1,0}, and one bit ‘1’ can be mapped to two chips of {1,0} or {0,1}, if Manchester coding with 1/2 coding rate is applied. In case of 1/4 coding rate, one bit ‘0’ can be mapped to four chips of {0,1,0,1} or {1,0,1,0}, and one bit ‘1’ can be mapped to four chips of {1,0,1,0} or {0,1,0,1} [11]. 
[bookmark: _Hlk159252348][bookmark: PP7]Proposal 7: For A-IoT R2D transmission, Manchester code can be considered as baseline.
· One bit ‘0’ can be mapped to two chips of {0,1} or {1,0}, and one bit ‘1’ can be mapped to two chips of {1,0} or {0,1}, if coding rate =1/2.
· One bit ‘0’ can be mapped to four chips of {0,1,0,1} or {1,0,1,0}, and one bit ‘1’ can be mapped to four chips of {1,0,1,0} or {0,1,0,1}, if coding rate =1/4. 
4.2. Line code for D2R
For line code for D2R, we will discuss line code schemes including Miller code, FM0 code, and Manchester code.
1. 
2. 
3. 
4. 
4.1. 
4.2. 
4.2.1. Mapping from bit to line-code codewords
· Miller code
The basic functions of Miller code are shown in Figure 6 (a). In Miller code, a binary 1 is represented by a high-to-low or a low to-high transition occurring in the middle of the bit window and a binary 0 causes no change to the signal level. Additionally, the starting line level of each bit period must be opposite than that of the preceding bit period unless the case that there is transmission of one bit ‘1’ after one bit ‘0’. Therefore, timing information is embedded generically in the data which can be used by the receiver to synchronize with the transmitter. Miller-modulated signal is obtained by multiplying the baseband Miller encoded data with a square wave whose frequency is M times that of the baseband data. Figure 6 (b) illustrates the Miller-modulated signal sequences with M = 2/4/8. 
[image: ]
(a) Basic functions of Miller code
[image: ]
(b) Miller-modulated sequences with M=2/4/8
[bookmark: _Ref158980061]Figure 6.  Illustration of Miller code 
[bookmark: OB6]Observation 6: For Miller code, the mapping from bit(s) to line-code codewords depends on the number of modulated ONOFF cycles M and the starting line level of the codeword of preceding bit, i.e., the starting line level of each bit period must be opposite than that of the preceding bit period unless the case that there is transmission of one bit ‘1’ after one bit ‘0’:
· For Miller-modulated signal with M = 2, one bit ‘0’ can be mapped to four chips of {1,0,1,0} or {0,1,0,1}, and one bit ‘1’ can be mapped to two chips of {1,0,0,1} or {0,1,1,0};
· For Miller-modulated signal with M = 4, one bit ‘0’ can be mapped to eight chips of {1,0,1,0,1,0,1,0} or {0,1,0,1,0,1,0,1}, and one bit ‘1’ can be mapped to eight chips of {1,0,1,0,0,1,0,1} or {0,1,0,1,1,0,1,0};
· For Miller-modulated signal with M = 8, one bit ‘0’ can be mapped to sixteen chips of {1,0,1,0, 1,0,1,0,1,0,1,0,1,0,1,0} or {0,1,0,1,0,1,0,1,0,1,0,1,0,1,0,1}, and one bit ‘1’ can be mapped to sixteen chips of {1,0,1,0,1,0,1,0,0,1,0,1,0,1,0,1} or {0,1,0,1,0,1,0,1,1,0,1,0,1,0,1,0};
· The above chip value 0/1 is based on OOK modulation assumption. 
· FM0 code
FM0 code is bi-phase-space encoding, where a binary 1 is represented by a constant voltage occupying the entire bit window and a binary 0 is represented by a transition in the middle of the bit window. In addition, FM0 inverts the phase at the boundary of each symbol. The FM0 basic function and an example of FM0 coding data is as shown in Figure 7. It can be seen that timing information is also embedded in the data, which can be used by the receiver to synchronize with the transmitter.
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(a) Basic functions of FM0 code
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(b) An example of FM0 encoded data
[bookmark: _Ref158980095][bookmark: _Hlk165919435]Figure 7.  Illustration of FM0 code
[bookmark: OB7]Observation 7: For FM0 code, one bit ‘0’ can be mapped to two chips of {1,0} or {0,1} and one bit ‘1’ can be mapped to two chips of {1,1} or {0,0} assuming OOK modulation, and the the mapping from bit(s) to line-code codewords depends on the ending line level of the codeword of preceding bit, i.e., the starting line level of each bit period must be opposite than the ending line level of the preceding bit period.
For Manchester code for D2R, the same bit to line codeword mapping as that for R2D can be assumed for study.
4.2.2. Resilience to SFO
As discussed in our companion paper [7][14], the receiver for A-IoT R2D need to handle the time and frequency variation during backscatter transmission. Self-clocking code can be used to facilitate receiver to track the time and frequency variation during backscattering transmission. The transitions between consecutive bits are used to determine the timing and synchronization of the data. FM0 code, Miller code and Manchester code are self-clocking code widely used in backscatter transmission to overcome the time/frequency variation. 
[bookmark: OB8][bookmark: _Hlk163050558]Observation 8: FM0 code, Miller code and Manchester code can be used as self-clock coding, and Reader can synchronize with the line codewords by observing the transitions in the code pattern, to estimate and overcome the timing error/variation during backscatter communication.
If no line code is used, it is not clear how to achieve time and frequency tracking on the transmitted signal, additional overhead may be needed to facilitate the reader to track the time/frequency variation.
[bookmark: OB9]Observation 9: If no line code is used, additional overhead may be needed to facilitate the reader to track the time/frequency variation.
4.2.3. Spectrum shape
In addition, Miller code provides better interference rejection by adding several transitions in the codeword for each bit. Another key advantage of having more transitions per bit is that the spectrum of the response from the tag is more concentrated, which requires less bandwidth to transmit data and makes it easier for the reader to detect the backscattered signal [9]. 
For FM0 code, the spectrum of the encoded bits is identical to that of Manchester code, according to [10][19]. 
[bookmark: OB10]Observation 10: Compared with Manchester and FM0 code, the spectrum of Miller modulated signal is more concentrated, which requires less bandwidth and is conducive for reader to detect the backscattered signal.
Since different frequency shift can be achieved by setting a corresponding chip duration, the D2R transmission can be mapped to different centre frequencies. FDMed multiplexing of AIoT devices can be supported by properly setting BLF and number of transition cycles within each information symbol. Take miller coded D2R transmission as example, BLF=160, 320, 640 kHz can be configured to device#1 device#2 and device#3, respectively to map 3 devices to different frequencies. Since lower BLF corresponding to longer chip duration, fewer number of ONOFF cycles within one symbol, the number of ONOFF cycles can be set to 2, 4 and 8 for device#1 device#2 and device#3, respectively. 
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Figure 8.  Illustration of different BLFs for Miller code with different M values
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[bookmark: _Ref166258512]Figure 9.  The spectrum of Miller modulated signal with different BLF values
[bookmark: _Hlk159252364]For FM0, due to fixed number of chips per information bit, FDMA of multiple devices with same data rate can not be supported. For Manchester coding, typically, the number of chips per information bit is fixed as 2, thus incapable of FDMA of multiple devices with same data rate. If extending number of chips to 4 per information bit as in 802.11ba [11], FDMA can be supported, but it is still less flexible than Miller-2/4/8. 
[bookmark: OB11]Observation 11: Frequency shift in baseband can be achieved by using different BLF values for FM0, Miller and Manchester coding. 
[bookmark: OB12]Observation 12: FDMA can be achieved by allocating different BLF and different number of chips per bit for Miller code, e.g., (BLF, Miller-2), (2*BLF, Miller-4) and (4*BLF, Miller-8).  FDMA can be achieved by allocating different BLF and different number of chips per pit for Manchester code, if other coding rate in addition to 1/2 can be supported. FM0 can not support FDMA due to fixed coding rate. 
4.2.4. Detection performance analysis
Detection performance of FM0 is similar as Manchester coding or slightly worse, based on different reception algorithm, while both FM0 and Manchester achieves better performance than Miller [10][12]. However, with more concentrated spectrum by Miller, better detection performance can be expected for Miller code in case of FDMA, because of smaller inter-device interference among FDMed D2R transmissions. 
[bookmark: OB13n]Observation 13: In case of single device D2R transmission, FM0 and Manchester coding yields similar performance and better than Miller coding. In case of FDMA for D2R transmission, Miller code can be more robust to inter-device interference due to more concentrated spectrum. 
4.3. FEC Channel coding
In previous meeting, NO FEC has been agreed as baseline for R2D. For D2R, whether channel coding is needed in A-IoT D2R depends on the coverage. If the D2R channel is the bottleneck for A-IoT coverage, the channel coding scheme can be considered to further improve the D2R coverage. However, the bottleneck of A-IoT coverage is R2D according to our coverage evaluation in [13]. Therefore, the study on channel coding for A-IoT D2R optimization can be deprioritized. 
[bookmark: PP9][bookmark: _Hlk159252410]Proposal 8: FEC in D2R is not necessary if coverage for A-IoT D2R without channel coding is not the bottleneck. 
4.4. Repetition
Repetition is widely used to improve reliability/coverage of wireless transmission. While whether repetition should be supported for A-IoT should be separately discussed for R2D and D2R transmission.
· R2D repetition
In previous meeting, the following proposal was discussed on repetition for R2D transmission
	Proposal 2.4a(I): Study R2D transmission using repetition at (i) bit level; (ii) chip level. FFS which, if any, are supported.


Before study of repetitions for R2D, the meaning of bit level and chip level repetition should be clarified. 
For ‘chip level repetition’, we understand it means a kind of extension of the length of on/off chips. In other words, coverage enhancement is achieved by lower the chip rate. This has the same design logic as RFID where the length for Tari varies from 6.25μs to 25μs. From terminology perspective, it should be regarded as ‘flexible chip length’ rather than chip level repetition.
[bookmark: OB13]Observation 14: ‘Chip level repetition’ seems equivalent to extending the chip length, which is same design logic as RFID R2D link, in which Tari varies from 6.25μs to 25μs.
The bit level repetition, in our understanding, is repeating the output line-code codewords for each bit. For example, if bit ‘0’ is encoded to ‘On-Off’ if Manchester code is used w/o repetition, the output line coded sequence of bit ‘0’ would be ‘On-Off-On-Off’ when 2 bit-level repetitions are introduced. 
[bookmark: OB14]Observation 15: ‘Bit level repetition’ is repeating the output line-code codewords for each bit.
· For example, if bit ‘0’ is encoded to ‘On-Off’ with Manchester code w/o repetition, the output line coded sequence of bit ‘0’ would be ‘On-Off-On-Off’ with 2 bit-level repetitions.
If bit level repetition is used, the parameters for the repetition, e.g., number of repetitions, should be implicitly/explicitly indicated to A-IoT devices before detection of PRDCH, i.e., the number of repetitions should be indicated in the preamble part, which complicates the preamble design and increase complexity at A-IoT device for preamble detection. On the other hand, if repetition parameter is fixed, e.g., number of repetitions is pre-defined to guarantee worst coverage case, the resource efficiency would be low. Comparing with chip-level repetition which can flexibly control the overhead without increase of device complexity, bit-level repetition does not show any benefit. 
[bookmark: OB15]Observation 16: If bit level repetition is supported for PRDCH, and if the number of repetitions should be indicated in the preamble part, it will lead to complicated preamble design and increased complexity at A-IoT device for preamble detection. 
· D2R repetition
In previous meeting, the following agreements and intermediate proposal were made for repetition for D2R transmission.
	Agreement
Study D2R transmission in the physical layer using repetition
· Note: Discussions regarding higher-layer repetitions are up to RAN2.
Proposal 3.4a(II): Study D2R transmission in the physical layer using repetition at (i) bit level; (ii) chip level; (iii) transport block-like level. FFS which, if any, are supported.
· NOTE: Discussions regarding higher-layer repetitions are up to RAN2.


Similar to repetition schemes for R2D, we assume the same understanding for bit level and chip level repetition for D2R transmission. Since the parameters for D2R transmission is indicated by R2D, the parameters for repetition can be indicated to AIoT device, ‘bit level repetition’ is less complicated compared with R2D. 
Nevertheless, repetition for D2R transmission can be supported in another way. In the of UHF RFID C1Gen2, the repetition can be supported by different miller code parameter, and Miller-2/4/8 are supported in D2R link in RFID. 
We take Miller-2 and Miller-4 as example, Miller-4 can be considered as repetition on Miller-2, as shown in Figure 6(b). Miller-4 coding builds upon the principles of Miller-2 coding, it introduces additional transitions that enhance the robustness and reliability of the communication link in UHF RFID systems. The Miller-4 coding provides advantages such as better synchronization and enhanced performance in noisy environments compared with Miller-2. Therefore, Miller-4 coding in the UHF RFID C1Gen2 standard should not be seen as a mere repetition of Miller-2 coding but rather as an enhancement towards more efficient and reliable D2R transmission.
In RFID C1gen2, the Miller-X line code is considered together with flexible chip length (equivalent to chip level repetition in our understanding). The flexible chip length is controlled by parameter of BLF, which determines the length of a ‘on-off’ pattern. 
Besides, Miller-2/4/8/X with different on/off chip length (BLF) can also facilitate FDM multiplexing of multiple AIoT devices for D2R link, as discussed in section 4.1 and section 6.
According to above, we have following proposal.
[bookmark: PP10]Proposal 9: Miller-2/4/8/X with different on/off chip length (BLF), as in RFID c1gen2, can be considered as candidate repetition scheme for D2R transmission.
5. Numerology  
For A-IoT system, as discussed in section 3, D2R waveform is non-OFDM based OOK for A-IoT device low complexity and low power consumption. For R2D, although OFDM generated OOK is considered to reduce the hardware impacts on gNB/UE as Reader, from A-IoT device perspective, it still uses the OOK chip as the demodulation unit. Therefore, OOK chip as smallest unit of resource allocation should be defined for A-IoT R2D transmission. If 1/2 or 1/4 Manchester coding is applied, one bit consists of 2 OOK chips (one OOK ON chip and one OOK OFF chip) or 4 OOK chips as shown in Figure 8. If PIE coding is applied, one bit ‘0’ consists of 2 OOK chips (one OOK ON chip and one OOK OFF chip) and one bit ‘1’ consists of 3 or 4 OOK chips (2 or 3 consecutive OOK ON chips and one OOK OFF chip) as shown in Figure 9. 
	

     
Figure 10.  OOK chip definition for Manchester coding


	

        
Figure 11.  OOK chip definition for PIE coding


For R2D transmission, if the OFDM symbol is transmitted without CP, OOK chip duration is always 1/M OFDM symbol duration for any M value. The OFDM symbol duration is still same as legacy NR OFDM symbol duration, and one subframe consists of 15 OFDM symbols. If the OFDM symbol is transmitted with CP, OOK chip duration is same as a OFDM symbol duration including CP if M=1. When M>1, both OOK chip duration as 1/M OFDM symbol duration excluding CP or including CP are considered for CP handling as discussed in section 3.1. Though the CP duration is slightly different for these two cases, the data rate is the same for same M value. 
The proper value of M for A-IoT depends on target data rate, target coverage with timing error (caused by typical delay spread and SFO) and frequency error (caused by SFO or CFO) as well as transmission bandwidth, and CP impact (as discussed in section 3.1). Table 1 provides OOK chip duration for various M values with achievable chip rate and data rate. The data rate is calculated with assumption of Manchester coding with 1/2 coding rate for reference. Accurate maximum coding rate for target coverage needs further evaluation in agenda 9.4.1.1. 
Table 1 . OOK chip length for different M values
	SCS=15kHz
	OOK chip length w/ and w/o CP 
	chip rate 
	Data rate 
	Short/long CP length

	M=1
	66.7us or 71.3us 

	14kcps
	7kbps
	4.6us/5us

	M=2
	33.35us or 35.65us
	28kcps
	14kbps
	4.6us/5us

	M=4
	16.68us or 17.82us
	56kcps
	28kbps
	4.6us/5us

	M=6
	11.11us or 11.88us
	84kcps
	42kbps
	4.6us/5us

	M=8
	8.34us or 8.9us
	112kcps
	56kbps
	4.6us/5us

	M=10
	6.67us or 7.13us
	140kcps
	70kbps
	4.6us/5us

	M=12
	5.56us or 5.94us
	168kcps
	84kbps
	4.6us/5us


To achieve comparable data rate as RFID, e.g., around 50kbps, at least M up to 8 is needed. According to our evaluation in figure 10, in case of single PRB transmission bandwidth, around 5dB degradation is observed for M=8 compared to M=4 case, while detection performance is almost identical for M=2 &4. In case of larger transmission bandwidth of 4.32MHz, detection performance is less sensitive to M values, e.g., about 1dB degradation for M=8 compared to M=4 case. Meanwhile, as discussed in section 3.1, candidate M values also depend on CP handling method. Considering M up to 8 would be feasible for all CP handling methods, maximum M =8 can be studied as baseline. 
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Figure 12.  Detection performance of different M value
[bookmark: _Hlk163050720][bookmark: OB16]Observation 17: For candidate M (number of OOK chips per OFDM symbol) values: 
· M>1 is needed to achieve peak data rate comparable to RFID.  M up to 8 could be sufficient for ~ 50Kbps peak data rate. 
· Obvious detection performance degradation is observed for larger M, e.g., M=8, with small transmission bandwidth such as 1 PRB, while the impact of M is marginal for larger transmission bandwidth. 
· OOK chip duration with M up to 8 can be applicable for all CP handling methods under discussion. 
For D2R transmission, similar to RFID, OOK chip duration depends on backscatter-link frequency and data rate.  Existing RFID Backscatter-link frequency (BLF) {40, 80, 160, 320, 640} kHz can be considered as baseline. 
[bookmark: PP11][bookmark: _Hlk159252421][bookmark: _Hlk163050805]Proposal 10: For A-IoT R2D transmission, the smallest resource allocation unit is an OOK chip.
· Further study OOK chip duration considering target data rate, target coverage with timing error (typical delay spread and SFO) and frequency error (caused SFO or CFO), transmission bandwidth and CP handling methods. 
· M up to 8, i.e., 8.34us or 8.9 us OOK chip duration can be starting point.
[bookmark: PP12]Proposal 11: For A-IoT D2R transmission, study chip duration considering target data rate and target coverage with timing error and frequency error (caused SFO or CFO).
· Chip duration based on BLF in RFID can be starting point, e.g., from 0.78 ~12.5us. 
6. Multiple Access
In RAN1 #116bis meeting, RAN1 agreed to study time and frequency domain multiple access for D2R transmission. It is FFS whether code-domain multiple access is feasible and necessary for D2R transmissions for all devices. 
TDMA can be applied for both access and inventory phase. Orthogonality between R2D/D2R transmissions in different non-overlapped time domain resource can be easily achieved, taking potential timing error into account to avoid overlapped transmission. For TDMA during inventory phase, similar as RFID, R2D transmissions in different inventory slots based on slotted-ALOHA can be the baseline. On top of the slot-based TDMA, to reduce latency, sub-slot level TDMA within an inventory slot can be considered. A rule to choose a sub-slot by A-IoT device and how to identify the start time of its sub-slot should be studied. In RFID, a device decrements its slot counter upon the reception of Qurey/QureyRep. But for D2R transmission in a sub-slot of an inventory slot, the device may need to count the sub-slot number based on its local clock without additional R2D command (other than QureyRep-like command at the beginning of the slot) as timing reference. Efficiency of sub-slot level TDMA depends on accuracy of the local clock which needs further study.  During access phase, TDMA for D2R can be achieved either by TDMed R2D transmissions followed by a transmission window based on TR2D_min and/or TR2D_max, or single R2D transmission with indication of multiple different transmission timing.  More details on how to allocate different time domain resources can be found in [14]. 
[bookmark: PP13]Proposal 12: For TDMA D2R transmission, study inventory slot-level TDMA for slotted-ALOHA based random access as baseline. 
· Further study sub-slot based TDMA for random access and reader’s timing indication based TDMA for access phase, based on feasibility of time counting/maintenance by the device.    
In addition to TDMA, FDMA within same time domain resource can improve spectrum efficiency and reduce overall latency. Spectrum efficiency of FDMA depends on frequency shift capability and reserved frequency gap between frequency resources for interference suppression.
D2R Transmission in different frequency resource can be achieved by different frequency of square wave. For line code such as Miller coding, D2R transmission can be allocated with different combinations of BLF (square wave frequency) and length of line code. For example, FDMA of D2R transmissions can be obtained by combinations of (BLF, Miller-2), (2*BLF, Miller-4) and (4*BLF, Miller-8) as shown in Figure 9. According to RFID, maximum frequency shift can be up to 640kHz, which can be a reference for A-IoT device 1 and 2a.  For device with internally generated UL, FDMA can be achieved by mapping the D2R transmission to target frequency through baseband modulation and up-conversion using internal LO.
For FDMA among devices with D2R backscattered on a CW, inter-A-IoT device interference needs careful study, because there would be harmonic component of backscattered UL signal from an A-IoT device which interferes UL signal from another A-IoT device. For example, assuming CW is transmitted at Fc, UL signal from A-IoT device #0 allocated with BLF#0=80 kHz consists of desired signal at Fc ± BLF#0 and undesirable harmonic components at Fc ± x* BLF#0，x=3, 5,.... Then, if there is another A-IoT device #1 with BLF#1=240 kHz, the 3rd order harmonic component of A-IoT device #0 UL signal overlaps with A-IoT device #1 UL signal, degrading A-IoT device #1 UL performance. Figure 13错误!未找到引用源。 provides preliminary evaluation result. It can be seen that FDMed multiplexing between A-IoT devices using backscattered transmission is feasible, although detection performance is slightly degraded compared with TDMed multiplexing. Besides, the reserved guard frequency resource should also accommodate frequency error cased by SFO as discussed in section 7. For device with internally generated UL, the reserved guard frequency resource is determined by the range of CFO. More details on how to allocate different frequency domain resources can be found in [14].
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[bookmark: _Ref166250060]Figure 13. Performance comparison between FDMed and TDMed A-IoT devices
[bookmark: _Hlk163050847][bookmark: PP14]Proposal 13: For FDMA of D2R transmission, further study the maximum frequency shift and required frequency gap to reduce the impact of inter-device interference caused by harmonics, SFO and CFO. 
The feasibility of CDMA for D2R transmission is questionable, with following reasons: 
· Due to simple modulation supported by device, only binary sequence can be considered, which restricts the number of candidate sequences with reasonable overhead. For example, if Walsh code is used, sequence length is at least 2n to support up to 2n sequences, while the usable number of sequences would be much smaller due to impairment such as timing/frequency error and interference. 
· With large timing and frequency error, e.g., caused by 104 or 105 ppm SFO as well as no TA alignment, the orthogonality between different codes/sequences transmitted by different device would be seriously destroyed. Increased inter-device interference would materially degrade D2R performance, e.g., increased false alarm rate and miss detection probability, which in turn reduce spectrum efficiency even lower than the case of simple TDMA.  
· Without efficient UL power control, CDMA performance degrades due to near-far effect. 
Therefore, CDMA is infeasible at least for device 1 and 2a. For device 2b, if better synchronization and power control is achievable, CDMA may be feasible. However, synchronization and power control accuracy would be still far below the requirement for efficiency CDMA operation, and the design for a multiple access scheme which is only applicable for one device type conflicts with the principle of unified design for all device types. Moreover, FDMA can be easily supported for device 2b with less inter-device interference than device 1/2a, which further reduces the motivation for CDMA for device 2b.   Therefore, it is reasonable to exclude CDMA for multiple access study.  
[bookmark: OB17]Observation 18: CDMA is not feasible for all A-IoT device types. CDMA is unnecessary for any A-IoT device type. 
[bookmark: PP15]Proposal 14: Do not consider CDMA for A-IoT multiple access study. 

[bookmark: _Hlk163050821]For R2D transmission, TDMA can be easily achieved. FDMA would be infeasible for device with RF ED because the device can not differentiate different signals within the RF ED bandwidth, i.e., all the signals mix together. For device with IF/BB ED, DL transmission targeting different A-IoT devices can be transmitted in different frequency resources and the device can filter out corresponding signals. However, how an A-IoT device can derive the frequency resource allocation of A-IoT DL may be a bit complicated. Moreover, separate design for different device types conflicts with unified design principle. Considering limited signal processing capability, CDMA is infeasible for R2D transmission because the device is incapable of sequence correlation. 
[bookmark: PP16]Proposal 15: Support TDMA for R2D transmission. 
7. [bookmark: _Ref115156542]Bandwidth
[bookmark: _Hlk159252632]For R2D transmission, RAN1 agreed to use Transmission bandwidth and Occupied bandwidth from a reader perspective for RAN1 study purpose, and RAN1 agreed to further down-select options for values of transmission bandwidth. 
The transmission bandwidth is mainly determined by target data rate. Assuming maximum target data rate of 50Kbps, 180kHz bandwidth of one PRB would be sufficient. To improve coverage, larger transmission bandwidth can be considered. As analyzed in [15], large bandwidth, e.g., 5MHz or larger, should be reserved to avoid performance degradation caused by other signals falling into RF ED bandwidth. Efficient utilization of the reserved bandwidth would be beneficial. Therefore, maximum transmission bandwidth more than MHz can be considered, e.g., 12 PRBs which is similar as LP-WUS bandwidth. Considering NR transmission is based on PRB level, R2D transmission bandwidth based on integer multiple(s) of PRB enables easier deployment for in-band case.
[bookmark: PP17]Proposal 16: For R2D study OFDM-based waveform with subcarrier spacing of 15 kHz, Btx,R2D is integer multiple(s) of 180 kHz, with range of single PRB to 12 PRBs. 
The occupied bandwidth includes transmission bandwidth and guard frequency resources. If the guard band is for coexistence with NR/LTE, Bocc,R2D would be 5MHz or larger, depending on RAN4 study on co-existence. If the guard band does not consider coexistence with NR/LTE, whether the minimum occupied bandwidth can be same as transmission bandwidth depends on deployment of multiple A-IoT readers and receiver architecture.  In case of FDMed A-IoT readers, sufficiently large guard band is needed to avoid interference from aggressor R2D transmission falling into victim A-IoT device’s RF ED bandwidth, otherwise, guard band can be much smaller. For device with IF/BB filter, guard spectrum to accommodate frequency error at A-IoT device side due to low accuracy of LO should be reserved. For example, 180kHz guard spectrum is needed at each edge of transmission bandwidth to accommodate 200ppm CFO [13].  If transmission bandwidth is 1PRB, occupied bandwidth can be 3 PRBs. 
[bookmark: PP18]Proposal 17: For R2D study OFDM-based waveform with subcarrier spacing of 15 kHz, Bocc,R2D  size depends on whether the guard band is also for coexistence with NR/LTE, deployment of FDMed multiple reader, e.g., 5MHz or larger to avoid interference in RF ED bandwidth, and A-IoT device receiver architecture, e.g., to accommodate frequency error caused by CFO for IF/BB ED. 
For D2R transmission, RAN1 agreed to define Bocc,D2R  and Btx,D2R for study. Btx,D2R value is determined by data rate and single or double sideband transmission. Similar as RFID supporting multiple data rate, multiple candidate Btx,D2R values for variable data rate, e.g., 5kbps to 640kbps, can be supported for D2R transmission. In addition to data rate, Btx,D2R value is also determined by single or double sideband transmission. In case of devices with D2R transmission based on backscatter on a carrier wave, the spectrum of the D2R signal is displaced about several tens to several hundred kHz from the CW frequency, on each side of CW. In case of devices with D2R transmission generated internally, the spectrum of the D2R signal can be single sideband with Tx filter. Consequently, Btx,D2R  for device 2b is half of device 1/2a with same data rate.  To avoid inter A-IoT device interference, e.g., in case of FDMed D2R transmissions from A-IoT devices, guard spectrum around the transmission bandwidth to reduce interference caused by harmonic component of D2R signal and frequency error due to large SFO should be reserved. Therefore, D2R occupied bandwidth Bocc,D2R should be larger than Btx,D2R. In case of FDMed D2R transmissions from different A-IoT devices, the minimum BLF interval between two D2R transmissions should be no smaller than Bocc,D2R/2 (Bocc,D2R is the sum of occupied bandwidth at each side of CW per A-IoT device, so minimum BLF interval is Bocc,D2R/2 ). In case of devices with D2R transmission generated internally, guard spectrum can be smaller than device 1/2a because of less spectrum dispersion. 
[bookmark: _Hlk166251739]In addition, system bandwidth is useful for the study of D2R frequency resource allocation, e.g., maximum value of BLF (maximum BLF also depends on device frequency shift capability) or a maximum number of FDMed D2R transmissions within a given total bandwidth. Moreover, system bandwidth is also useful for the study of multiple single tone CW, e.g., the maximum frequency interval among tones and number of CW tones [19]. In that sense, the system bandwidth for D2R transmission is the maximum frequency resources that can be reserved for A-IoT devices including guard spectrum. The system bandwidth is also relevant to co-existence scenario for A-IoT and NR UL transmissions, which is under RAN4 study. 



Figure 14. Example of Tx BW, Occupied BW and system BW for D2R transmission 
[bookmark: OB23][bookmark: OB18]Observation 19: In addition to Bocc,D2R and Btx,D2R, system bandwidth Bsys,D2R  is also useful for the study of D2R frequency resource allocation for FDMA and multiple single tone CW.  
[bookmark: PP19]Proposal 18: For D2R bandwidth study, 
· Support multiple candidate values for Btx,D2R, according to supported data rate and double sideband (for device 1/2a) or single sideband signal (for device 2b).   
· Support multiple candidate values for Bocc,D2R, with different guard frequency resources for device 1/2a and 2b, considering different interference caused by harmonic component of D2R signal, frequency error due to large SFO or CFO. 
· Define system bandwidth Bsys,D2R. Bsys,D2R is the contiguous frequency resources, including guard bands, in which one reader can schedule D2R transmissions .
· Bsys,D2R  > Bocc,D2R   > Btx,D2R
8. Conclusion
In this contribution, we provide our views on general aspects for A-IoT. The observations and proposals are summarized as follows.
Observation 1: The 0.1kbps user experienced data rate is referred from SA requirements, which takes the traffic interval without actual transmission into user experienced data rate calculation, which cannot provide guidance to RAN1 channel design.
Observation 2: For CP handling method type 1: 
· It would be infeasible for A-IoT device to accurately remove CP as normal UE does due to large SFO and limited signal processing capability.  
· A-IoT device may identify invalid chip caused by CP by comparing the chip length and a threshold, if the CP length is much shorter than a normal OOK chip duration, e.g., if M is not larger than 8. The threshold is derived by OOK chip length estimated by preamble. 
· Preamble should be elaborately designed to guarantee proper estimation of normal OOK chip length and timing acquisition.
Observation 3: For CP handling method type 2: 
· The design should meet (1) End of OFDM symbol n has same OOK state with the end of OFDM symbol (n-1) or same OOK state with start of OFDM symbol n to ensure there is no additional pulse after CP insertion (2) CP duration is shorter than a normal OOK chip to avoid extended OOK chip length after CP insertion larger than the decoding threshold.
· (1) can be met with new line code design, or adding parity bits, or adjust OOK chip length across OFDM symbols at cost of higher complexity for reader and/or receiver side as well as lower spectrum efficiency. (2) can be met with restriction of maximum M value, e.g., M smaller than 14. 
· It may not necessarily require same OOK chip length for each OOK chip in a OFDM symbol after CP insertion at least for relatively small M values, e.g., M no larger than 8. If OOK chip length is same for each OOK chip in a OFDM symbol after CP insertion, LP-WUS OOK-4 waveform generation may not be directly reused due to non-integer number of OOK chips before DFT operation. 
· Preamble should be elaborately designed to meet (1) &(2) to guarantee proper estimation of normal OOK chip length and timing acquisition.  
Observation 4: FM0 coded OOK cannot be regarded as FSK waveform.
· The spectrum of FM0 coded bit is clearly different from spectrum from 2-FSK.
· The receiver of FM0 coded bits does not exploit any frequency domain characteristics.
Observation 5: PIE code may lead to non-constant transmission length for the same payload size, due to un-equal waveform length for bit ‘1’ and bit ‘0’.
Observation 6: For Miller code, the mapping from bit(s) to line-code codewords depends on the number of modulated ONOFF cycles M and the starting line level of the codeword of preceding bit, i.e., the starting line level of each bit period must be opposite than that of the preceding bit period unless the case that there is transmission of one bit ‘1’ after one bit ‘0’:
· For Miller-modulated signal with M = 2, one bit ‘0’ can be mapped to four chips of {1,0,1,0} or {0,1,0,1}, and one bit ‘1’ can be mapped to two chips of {1,0,0,1} or {0,1,1,0};
· For Miller-modulated signal with M = 4, one bit ‘0’ can be mapped to eight chips of {1,0,1,0,1,0,1,0} or {0,1,0,1,0,1,0,1}, and one bit ‘1’ can be mapped to eight chips of {1,0,1,0,0,1,0,1} or {0,1,0,1,1,0,1,0};
· For Miller-modulated signal with M = 8, one bit ‘0’ can be mapped to sixteen chips of {1,0,1,0, 1,0,1,0,1,0,1,0,1,0,1,0} or {0,1,0,1,0,1,0,1,0,1,0,1,0,1,0,1}, and one bit ‘1’ can be mapped to sixteen chips of {1,0,1,0,1,0,1,0,0,1,0,1,0,1,0,1} or {0,1,0,1,0,1,0,1,1,0,1,0,1,0,1,0};
· The above chip value 0/1 is based on OOK modulation assumption. 
Observation 7: For FM0 code, one bit ‘0’ can be mapped to two chips of {1,0} or {0,1} and one bit ‘1’ can be mapped to two chips of {1,1} or {0,0} assuming OOK modulation, and the the mapping from bit(s) to line-code codewords depends on the ending line level of the codeword of preceding bit, i.e., the starting line level of each bit period must be opposite than the ending line level of the preceding bit period.
Observation 8: FM0 code, Miller code and Manchester code can be used as self-clock coding, and Reader can synchronize with the line codewords by observing the transitions in the code pattern, to estimate and overcome the timing error/variation during backscatter communication.
Observation 9: If no line code is used, additional overhead may be needed to facilitate the reader to track the time/frequency variation.
Observation 10: Compared with Manchester and FM0 code, the spectrum of Miller modulated signal is more concentrated, which requires less bandwidth and is conducive for reader to detect the backscattered signal.
Observation 11: Frequency shift in baseband can be achieved by using different BLF values for FM0, Miller and Manchester coding. 
Observation 12: FDMA can be achieved by allocating different BLF and different number of chips per bit for Miller code, e.g., (BLF, Miller-2), (2*BLF, Miller-4) and (4*BLF, Miller-8).  FDMA can be achieved by allocating different BLF and different number of chips per pit for Manchester code, if other coding rate in addition to 1/2 can be supported. FM0 can not support FDMA due to fixed coding rate.
Observation 13: In case of single device D2R transmission, FM0 and Manchester coding yields similar performance and better than Miller coding. In case of FDMA for D2R transmission, Miller code can be more robust to inter-device interference due to more concentrated spectrum. 
Observation 14: ‘Chip level repetition’ seems equivalent to extending the chip length, which is same design logic as RFID R2D link, in which Tari varies from 6.25μs to 25μs.
Observation 15: ‘Bit level repetition’ is repeating the output line-code codewords for each bit.
· For example, if bit ‘0’ is encoded to ‘On-Off’ with Manchester code w/o repetition, the output line coded sequence of bit ‘0’ would be ‘On-Off-On-Off’ with 2 bit-level repetitions.
Observation 16: If bit level repetition is supported for PRDCH, and if the number of repetitions should be indicated in the preamble part, it will lead to complicated preamble design and increased complexity at A-IoT device for preamble detection. 
Observation 17: For candidate M (number of OOK chips per OFDM symbol) values: 
· M>1 is needed to achieve peak data rate comparable to RFID.  M up to 8 could be sufficient for ~ 50Kbps peak data rate. 
· Obvious detection performance degradation is observed for larger M, e.g., M=8, with small transmission bandwidth such as 1 PRB, while the impact of M is marginal for larger transmission bandwidth. 
· OOK chip duration with M up to 8 can be applicable for all CP handling methods under discussion. 
Observation 18: CDMA is not feasible for all A-IoT device types. CDMA is unnecessary for any A-IoT device type. 
Observation 19: In addition to Bocc,D2R and Btx,D2R, system bandwidth Bsys,D2R  is also useful for the study of D2R frequency resource allocation for FDMA and multiple single tone CW.  

Proposal 1: A harmonized air interface design, including waveform, modulation, coding etc., applicable to A-IoT device with ~1 power consumption should be prioritized. 
· Optimizations for device with hundreds of  power consumption should be down-prioritized. 
Proposal 2: For A-IoT system, the harmonized design for different topologies is required only to physical layer signal/channel and procedure design.
· the same frequency spectrum, including same DL/UL spectrum for CW2D, D2R, R2D is not mandated for different topologies.
Proposal 3: Instant data rate, which is defined as the number of information bits delivered within the time duration allocated for actual signal/channel transmission via air-interface, is used as the metric of design target for data rate. 
· Several tens of kbps for R2D and up to a few hundred kbps for D2R can be considered as starting point.
Proposal 4: Support A-IoT R2D transmission with DFT-s-OFDM based OOK-1 waveform and OOK-4 waveform in both FDD-UL and FDD-DL spectrum.  
Proposal 5: A-IoT D2R link study for baseband modulation includes OOK and BPSK
· The D2R link design, including sync, channel structure, etc., should focus on OOK waveform, and D2R link design specifically to optimize D2R using BPSK modulation should be avoided.
Proposal 6: FSK is not supported for D2R link due to
· FSK has lower spectrum efficiency
· Reliability is susceptible due to frequency error
Proposal 7: For A-IoT R2D transmission, Manchester code can be considered as baseline.
· One bit ‘0’ can be mapped to two chips of {0,1} or {1,0}, and one bit ‘1’ can be mapped to two chips of {1,0} or {0,1}, if coding rate =1/2.
· One bit ‘0’ can be mapped to four chips of {0,1,0,1} or {1,0,1,0}, and one bit ‘1’ can be mapped to four chips of {1,0,1,0} or {0,1,0,1}, if coding rate =1/4. 
错误!未找到引用源。Proposal 8: FEC in D2R is not necessary if coverage for A-IoT D2R without channel coding is not the bottleneck. 
Proposal 9: Miller-2/4/8/X with different on/off chip length (BLF), as in RFID c1gen2, can be considered as candidate repetition scheme for D2R transmission.
Proposal 10: For A-IoT R2D transmission, the smallest resource allocation unit is an OOK chip.
· Further study OOK chip duration considering target data rate, target coverage with timing error (typical delay spread and SFO) and frequency error (caused SFO or CFO), transmission bandwidth and CP handling methods. 
· M up to 8, i.e., 8.34us or 8.9 us OOK chip duration can be starting point.
Proposal 11: For A-IoT D2R transmission, study chip duration considering target data rate and target coverage with timing error and frequency error (caused SFO or CFO).
· Chip duration based on BLF in RFID can be starting point, e.g., from 0.78 ~12.5us. 
Proposal 12: For TDMA D2R transmission, study inventory slot-level TDMA for slotted-ALOHA based random access as baseline. 
· Further study sub-slot based TDMA for random access and reader’s timing indication based TDMA for access phase, based on feasibility of time counting/maintenance by the device.  
Proposal 13: For FDMA of D2R transmission, further study the maximum frequency shift and required frequency gap to reduce the impact of inter-device interference caused by harmonics, SFO and CFO. 
Proposal 14: Do not consider CDMA for A-IoT multiple access study.
Proposal 15: Support TDMA for R2D transmission. 
Proposal 16: For R2D study OFDM-based waveform with subcarrier spacing of 15 kHz, Btx,R2D is integer multiple(s) of 180 kHz, with range of single PRB to 12 PRBs. 
Proposal 17: For R2D study OFDM-based waveform with subcarrier spacing of 15 kHz, Bocc,R2D  size depends on whether the guard band is also for coexistence with NR/LTE, deployment of FDMed multiple reader, e.g., 5MHz or larger to avoid interference in RF ED bandwidth, and A-IoT device receiver architecture, e.g., to accommodate frequency error caused by CFO for IF/BB ED. 
Proposal 18: For D2R bandwidth study, 
· Support multiple candidate values for Btx,D2R, according to supported data rate and double sideband (for device 1/2a) or single sideband signal (for device 2b).   
· Support multiple candidate values for Bocc,D2R, with different guard frequency resources for device 1/2a and 2b, considering different interference caused by harmonic component of D2R signal, frequency error due to large SFO or CFO. 
· Define system bandwidth Bsys,D2R. Bsys,D2R is the contiguous frequency resources, including guard bands, in which one reader can schedule D2R transmissions .
· Bsys,D2R  > Bocc,D2R   > Btx,D2R
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