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1. [bookmark: _Ref27419]Introduction
In RAN1 #116bis meeting, agreements on general aspects of physical layer design for Ambient IoT were reached in [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, based on the above agreements and the discussion in last RAN1 meeting, the Ambient IoT physical layer design including waveform, modulation, numerologies, bandwidths, coding and multiple access are further discussed.
2. Discussion
2.1. A-IoT DL/R2D
2.1.1. Waveform 
In this section, CP handling and OFDM characteristic for OFDM based OOK waveform are discussed.
· CP handling
[bookmark: OLE_LINK1]In RAN1#116bis meeting, two types of method were agreed for R2D CP handling for OFDM based OOK waveform. 
[bookmark: OLE_LINK18][bookmark: OLE_LINK11]For Method Type 1, it is proposed to remove CP at device side, instead of transmit-side, but whether device can determine the CP location correctly or not should be studied. In our opinion, CP impact on R2D timing acquisition, and decoding performance of PRDCH should be considered for Method Type 1 because potential new transition may be introduced by inaccurate removal of CP. Herein, in order to evaluate the impact of CP removal at device side on R2D link performance, two cases, i.e., ideal removal of CP and real removal of CP, are simulated. For the case of ideal removal of CP, CP is removed accurately at each OFDM symbol without introducing any new transitions. For the case of real removal of CP, CP is removed based on the detected location of the last rising/falling edge in the last adjacent OFDM symbol and the chip length. More simulation assumptions can be seen in Table A.1 in Annex. 
[bookmark: _Ref4676][bookmark: OLE_LINK28]CP impact on R2D timing acquisition, and decoding performance of PRDCH should be considered for Method Type 1 because potential new transition may be introduced by inaccurate removal of CP.
[bookmark: OLE_LINK26][bookmark: OLE_LINK21]It is observed from Figure 1 that the PER performance for the case of real removal of CP is inferior to that for the case of ideal removal of CP. Moreover, the PER performance for the case of real removal of CP is decreased more if the value of M is larger. The reason is that for a given SCS configuration, the chip length is comparable to or even smaller than the length of CP when the value of M is larger so that the removed CP by device may include a part of OOK chip. 
[bookmark: _Ref4699][bookmark: OLE_LINK29]The PER performance for the case of real removal of CP is inferior to that for the case of ideal removal of CP.
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	(a) M=1 with Manchester code
	(b) M=8 with Manchester code


Figure 1 PER for OFDM based OOK waveform under ideal and real CP removal cases
[bookmark: OLE_LINK32][bookmark: OLE_LINK19][bookmark: OLE_LINK55][bookmark: OLE_LINK56]For Method Type 2, it ensures 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, but whether/how to arrange that OOK chips have equal length after CP insertion should be studied. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK54][bookmark: OLE_LINK57][bookmark: OLE_LINK53]For the issue that how to arrange that OOK chips have equal length after CP insertion, it is easy to arrange equal-length OOK chips after CP insertion by setting less resource for the chip combined with CP or introducing a CP for each chip to arrange equivalent chip length among chips in different OFDM symbol which has different normal CP length as shown in Figure 2. However, we think that the differences among different length of OOK chips can be assumed as an SFO. We need to identify the necessity of whether to arrange equal-length chip among chips with high priority. Therefore, whether to arrange that OOK chips have equal length after CP insertion should be further studied and the impact on performance should be evaluated. 
[bookmark: _Ref4728]Whether to arrange that OOK chips have equal length after CP insertion should be further studied and the impact on performance should be evaluated.
Based on the analysis of Method Type 2, the following three potential alternatives are discussed to 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. 
Alt. 1: the first/last chip in an OFDM symbol is set as a known power level 
[bookmark: OLE_LINK35][bookmark: OLE_LINK58]For example, there are M chips in an OFDM symbol. Wherein the M-th chip is set as a known power level. It can ensure that the CP in the current OFDM symbol has the same power level with the M-th chip in the last adjacent OFDM symbol as shown in Figure 2. The M-th chip occupies less resource than the other chips in an OFDM symbol so that the combination of the length of M-th chip and the length of CP can be assumed as equal length with the other chips. However, if the M-th chip is not a part of information of a codeword, the spectrum efficiency may be lower because of introducing the additional fixed chip. So a specific codeword to ensure a fixed chip with a known power level is preferred, e.g. the first and last bits of codeword with a same bit state, such as ‘1001’ or ‘0110’, and M is equal to the number of bits of a codeword, such as M=4.
[image: ]
Figure 2 CP handling based on Alt. 1
Alt 2: shifting OOK chip mapping within OFDM symbol
For example, it is assumed that M=2 for 1/2 Manchester code which has state transition in the middle of each codeword (i.e. ‘01’ and ‘10’). With this alternative, the first OOK symbol is transmitted from the second chip of the first OFDM symbol for each R2D transmission, i.e., the OOK chips are shifted by one chip when mapped to OFDM symbol as shown in Figure 3. It makes sure that no additional rising/falling edges is introduced after CP insertion because the CP must have the same power level with either the M-th chip in the last OFDM symbol or the first chip in the current OFDM symbol. In addition, the length of CP and the combined chip should be assumed as equal to other chips which is up to implementation at the transmitter side.
[image: IMG_256]
Figure 3 CP handling based on Alt. 2
It is noticed that the start of R2D transmission needs to be aligned with the boundary of an NR OFDM symbol. Moreover, the preamble immediately precedes the transmission of a physical channel (e.g., PRDCH channel). Therefore, Alt2 can be achieved for PRDCH channel transmission by a proper design of preamble. 
	Agreement
For R2D transmission, if OFDM-based waveform is used, the start of R2D transmission from reader perspective is assumed to be aligned with the boundary of an NR OFDM symbol (including the CP) for in-band/guard-band operation.


Alt 3: non-orthogonal symbol is set by introducing CP for each chip (i.e. OFDM symbol without CP).
[bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61]As shown in Figure 4, each chip is added with a CP in an OFDM symbol. It can 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 and arrange equivalent chip length in different OFDM symbol which has different normal CP length (e.g. normal CP with the length of 160 and 144). However, there is no orthogonal characteristic for each OFDM symbol according to Alt. 3. 
[image: ]
Figure 4 CP handling based on Alt. 3
[bookmark: OLE_LINK62]Considering the orthogonal characteristic for each OFDM symbol is advantageous of easier interference mitigation for legacy NR transmission, it is proposed that methods of CP handling should ensure orthogonal characteristic for each OFDM symbol. 
[bookmark: _Ref4751]Considering easier interference mitigation for legacy NR transmission, it is proposed that methods of CP handling should ensure orthogonal characteristic for each OFDM symbol.
[bookmark: OLE_LINK27]According to above analysis, there are various alternatives to 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. Therefore, it is proposed that Method Type 2 to be used for CP handling for OFDM based OOK waveform with no additional false rising/falling edges.
[bookmark: _Ref4780]Method Type 2 can be used for CP handling for OFDM based OOK waveform with no additional false rising/falling edges by introducing CP.
· OFDM characteristic
[bookmark: OLE_LINK38][bookmark: OLE_LINK52]To study the characteristics of the OFDM waveform, we propose that OOK-4 (i.e. DFT-s-OFDM) should be the baseline for A-IoT DL. Moreover, for the pulse shaping DFT-s-OFDM, we think that the implementation complexity at reader side should be considered as high priority. However, generally, the specification of parameters related to the transmit pulse shape filter were discussed by RAN4. Therefore, the necessity and details of pulse shaping DFT-s-OFDM are proposed to be discussed by RAN4.
[bookmark: _Ref4826]OOK-4 (i.e. DFT-s-OFDM) should be studied as the baseline for A-IoT DL. 
[bookmark: _Ref4849]The necessity and details of pulse shaping DFT-s-OFDM are proposed to be discussed by RAN4. 
2.1.2. Modulation
[bookmark: OLE_LINK2]For OFDM based OOK waveform, OOK-4 with M chips per OFDM symbol transmission are assumed as the starting point for study. For the determination of value(s) of M, it relies on the data rate, i.e. data rate=M*R/TOFDM_symb. Where R is the code rate and TOFDM_symb is the length of OFDM symbol. For A-IoT DL with OFDM-based waveform, assuming SCS=15kHz, M chip per OFDM symbol, the length of OFDM symbol=71.35us (including CP), the value(s) of M and the corresponding data rate are shown in Table 1. 
Table 1 value(s) of M and the corresponding data rate for OOK-4
	M
	Data rate (kbps)

	
	Without code
	With Manchester
(R=1/2)
	With Manchester
(R=1/4)

	1
	14
	7
	3.5

	2
	28
	14
	7

	4
	56
	28
	14

	8
	112
	56
	28

	:
	:
	:
	:


According to the simulation assumption in Table A.1 in Annex, simulation results of PER performance for different values of M (i.e. 1, 2, 8, 16) based on 1/2 Manchester coding under AWGN and TDL-A channel models are shown in Figure 5 respectively. 
	[image: s212_awgn_m116_Man]
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	(a) AWGN
	(b) TDL-A


Figure 5 PER curves for different values of M based on Manchester coding
[bookmark: OLE_LINK39]According to the values of M and data rate in Table 1, it is observed that OOK-4 for M-chip per OFDM symbol transmission can provide a large range of A-IoT DL data rate and M=8 corresponds to data rate=112kbps which is approximate to the maximum data rate (i.e. 128kbps) for RFID according to ISO/IEC 18000-6C. According to the PER performance of different values of M in Figure 5, it is observed that there are error floors for PER curves under the cases of M=8 and 16 because the chip length will be smaller and the impact of SFO on the detection performance of each chip will be more serious if the value of M is larger, e.g. M≥8. Therefore, we propose that based on the target data rate and coverage requirements, study M=1, 2, 4 and 8 as the candidate values for A-IoT DL. 
[bookmark: _Ref15597]Based on the target data rate and coverage requirement, and PER performance for different values of M, study M=1, 2, 4 and 8 as the candidate values for A-IoT DL. 
In our views, chip is the minimum unit in time domain for A-IoT DL. Therefore, we propose that the definition of chip is the length of an OOK symbol. For example, the chip length is an OFDM symbol length with CP for OOK-1, or is 1/M of an OFDM symbol for OOK-4. For OFDM based DL waveform, CP can be considered as the gap per M-chip or as a part of a chip. 
[bookmark: _Ref15616]For A-IoT DL, chip is the minimum unit in time domain which corresponds to the length of an OOK symbol. 
According to the discussion on single / double sideband modulation in [2], it is proposed as followings. In our views, the 1SB and 2SB for R2D transmission is related to the coding scheme and the information carried by an OFDM symbol for OFDM-based OOK-4 waveform. 
	Proposal 2.2.1.3(II): Study single sideband (1SB) and double sideband (2SB) transmission for D2R. Aspects include:
· Spectral efficiency
· Decoding performance at device, and power consumption, complexity impacts, if any
· Interference impact to NR signal


[bookmark: OLE_LINK64][bookmark: OLE_LINK63]For example, as shown in Figure 6, in the case of M=4 and BWtx=180kHz, the frequency spectrum for the information bits ‘00’ is satisfied with 2SB characteristic but and the frequency spectrum for the information bits ‘01’ is not. If the R2D transmission is limited to 2SB or 1SB, it seems that the configuration of candidate M value, etc., is also restricted. While the benefit of such a limitation is unclear. Therefore, it is unnecessary to limit R2D transmission with 1SB or 2SB.
	[image: s212_asys]
	[image: s212_sys]

	(a) information bits: 00
	(b) information bits: 01


Figure 6 Frequency spectrum under the case of M=4 and BWtx=180kHz
[bookmark: _Ref4931]It is unnecessary to limit R2D transmission as 1SB or 2SB.

2.1.3. Numerologies
[bookmark: OLE_LINK41][bookmark: OLE_LINK10][bookmark: OLE_LINK40]According to the agreements in the last RAN1 meeting [1], R2D study includes subcarrier spacing of 15 kHz, from the reader perspective, for OFDM-based waveform and inclusion in the study of subcarrier spacing of 30 kHz is FFS. In our views, the inclusion of subcarrier spacing of 30 kHz depends on the operating band for A-IoT R2D transmission.
[bookmark: _Ref15659]The inclusion of subcarrier spacing of 30 kHz depends on the operating band for A-IoT R2D transmission.
[bookmark: OLE_LINK51]According to the discussion in the last RAN1 meeting [2], proposals for the definition of time unit(s) are shown as followings. 
	Proposal 2.7.2a(I): For R2D study with reuse of NR OFDM transmitter, the basic time unit of DL Tc reuses the definition in NR from the Reader perspective. FFS from device perspective.
Proposal 2.7.2b(I): In R2D, the smallest unit of resource allocation is a chip i.e., a duration equal to a reference duration of a line code.


[bookmark: OLE_LINK42][bookmark: OLE_LINK43]In our views, from both reader perspective, the basic time unit of DL Tc reuses the definition in NR. A chip can be defined as the smallest unit of resource element which is similar to an OFDM symbol or a resource element in NR. For the definition of the smallest unit of resource allocation, the length of codeword, i.e. the number of bits of a codeword (Lcw) times the chip length, is more appropriate than a chip. For preamble which length is not equal to the multiple of Lcw, it is proposed that the smallest unit of resource allocation is a chip.
[bookmark: _Ref4993]The basic time unit of DL Tc reuses the definition in NR from reader perspective.
[bookmark: _Ref5012]The smallest unit of resource allocation is the length of codeword, i.e. the number of bits of a codeword (Lcw) times the chip length for R2D transmission.

2.1.4. Bandwidth
According to the discussion in the last RAN1 meeting [2], proposals for the “potential guard band” for R2D occupied bandwidth are shown as followings. 
	Proposal 2.8.1(I): Clarify that, in the agreement from RAN1#116:
· The “potential guard band”, if it exists, would be included in Bocc,R2D is intra-system to A-IoT.
· Inter-system guard-bands i.e., between A-IoT and NR/LTE, are not part of the Bocc,R2D definition, and are deferred to RAN4-led study. 


In our views, the guard band should be studied by RAN4. Considering the flexible resource allocation, the occupied bandwidth (Bocc,R2D) including the guard band should be the multiple of PRB.
[bookmark: _Ref5035]Guard band for R2D transmission should be studied by RAN4.
According to the agreements in the last RAN1 meeting [1], 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))
[bookmark: OLE_LINK44][bookmark: OLE_LINK17]In our views, for OFDM-based OOK waveform, the chip length is related to the frequency resource allocation for a chip. Therefore, the value of transmission bandwidth (Btx,R2D) should be based on the values of M to ensure an acceptable performance and data rate.
[bookmark: _Ref15724][bookmark: _Ref5058]For R2D OFDM-based waveform, the value of transmission bandwidth (Btx,R2D) should be based on the values of M to ensure an acceptable performance and data rate.
2.1.5. [bookmark: _GoBack]Coding 
According to the agreements for A-IoT DL coding, the line code, FEC and CRC are discussed in this section.
· Line code
In RF ID system, line code is used for clock recovery and symbol boundary identification. Both Manchester and PIE are used in reader to device communication, and each of them has the pros and cons. For A-IoT R2D transmission, the mapping rule from bit to line-code codeword can be defined according to the coding scheme and code rate. Codewords of Manchester code and PIE with different code rates are shown as followings. 
· For Manchester encoding down-select one from: 
· 1/2 code rate: bit 0→ chips{01}, bit 1→chips{10}
· 1/4 code rate: 
· [bookmark: OLE_LINK45]A: bit 0→chips{0110}, bit 1→chips{1001}
· B: bit 0→chips{0101}, bit 1→chips{1010}
· 1/8 code rate: 
· [bookmark: OLE_LINK46]A: bit 0→chips{01111110}, bit 1→chips{11100111}
· B: bit 0→chips{01010101}, bit 1→chips{10101010}
· [bookmark: OLE_LINK47]Reference duration of each bit of codeword is equal to duration of a chip
· For PIE down-select one from: 
· A: bit 0→ chips{10}, bit 1→chips{110}
· B: bit 0→chips{110}, bit 1→chips{111110}
· C: bit 0→chips{1011}, bit 1→chips{1111}
· Reference duration of each bit of codeword is equal to duration of a chip
. For Manchester code, it contains state change (0->1, or 1->0) in each bit, which provides better detection performance. For PIE, it is beneficial for energy harvesting during R2D data transmission due to the longer high-power duration of bit-1. However, all the three A-IoT devices are equipped with energy storage. Moreover, whether the antenna for energy harvesting and R2D detection is shared requires further discussion. And due to the different symbol length for the encoded bit-0 and bit-1, the R2D data transmission is uncertain with PIE encoding. To further investigate the R2D performance, Manchester and PIE are simulated and the performance is shown in Figure 7. The received data is detected by identifying the ascending and descending edge and the simulation assumptions are shown in Annex.
	[image: s215_awgn_1RB]
	[image: s215_tdla_1RB]

	(a) AWGN
	(b) TDL-A


Figure 7 Performance of Manchester and PIE code
It is observed that under AWGN and TDL-A channel model, the performance of Manchester code is better than that of PIE, i.e. almost 1~3dB performance gains. The reason is that the Manchester code has state transition in the middle of symbol (i.e. self-clock synchronization) and has shorter transmission length (smaller average codeword length than PIE). Moreover, it can be seen that the performance is minor degraded if SFO in a range of 10% OOK symbol length (i.e. the case of wi. SFO) is introduced compared with the case with SFO=0 (i.e. the case of wo. SFO).
[bookmark: _Ref25666]As Manchester code conveys clock recovery information and has shorter transmission length, its performance is better than that of PIE.
Based on the analysis and evaluation results, it is proposed to consider Manchester encoding should be down-selected for R2D transmission.
[bookmark: _Ref5120]Consider Manchester encoding for R2D transmission. Down-select the codeword for different code rate from the following options.
· [bookmark: _Ref5143]1/2 code rate: bit 0→ chips{01}, bit 1→chips{10}
· [bookmark: _Ref5149]1/4 code rate: 
· [bookmark: _Ref5156]A: bit 0→chips{0110}, bit 1→chips{1001}
· [bookmark: _Ref5163]B: bit 0→chips{0101}, bit 1→chips{1010}
· [bookmark: _Ref5169]1/8 code rate: 
· [bookmark: _Ref5176]A: bit 0→chips{01111110}, bit 1→chips{11100111}
· [bookmark: _Ref5182]B: bit 0→chips{01010101}, bit 1→chips{10101010}
· [bookmark: _Ref5189]Reference duration of each bit of codeword is equal to duration of a chip

· FEC 
Given the low complexity and low power consumption of A-IoT device, R2D with no forward error-correction code (FEC) is studied as baseline.
[bookmark: _Ref5198]FEC is not applied to R2D transmission.

· CRC
According to the agreements in the last RAN1 meeting [1], other 6 bits and 16 bits CRC with different polynomials than from TS 38.212 is FFS.
	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


CRC can detect errors in transmitted data, which can ensure data integrity during transmission. 6 bits and 16 bits CRC polynomials in TS 38.212 are shown as following.
	6 bits and 16 bits CRCs in TS 38.212


-	 for a CRC length ;


-	 for a CRC length .


These two CRC polynomials can only be implemented by two circuits. To be more specific, one set of circuits (6 registers and 2 XOR gates) is used for CRC6, and another separate set of circuits (16 registers and 3 XOR gates) is used for CRC16. That is, a total of 22 registers and 5 XOR gates are required for CRC6 and CRC16 in TS 38.212.
However, if two CRC polynomials are nested, it allows for the implementation of a single circuit. The following outlines the proposed polynomials for both CRC6 and CRC16. Specifically, the CRC6 polynomial remains consistent with that of CRC6 in 38.212, and the new CRC16 incorporates CRC6 within its structure, indicating that CRC6 is nested within the CRC16 polynomial. 
	Proposed 6 bits and 16 bits CRCs for A-IoT


-	 for a CRC length ;


-	 for a CRC length .


Figure 8 shows an example of implementing of CRC6 and CRC16 using a unified circuit. In this case, CRC16 is calculated using the entire circuit, while CRC6 is implemented using the part of the circuit outlined in blue. Therefore, it requires only 16 registers and 4 XOR gates for CRC6 and CRC16. The A-IoT implementation complexity and power consumption can be reduced with less registers and XOR gates.
[image: ]
Figure 8 An example of unified circuit for CRC6 and CRC16
When contrasting our approach with the use of CRC6 and CRC16 polynomials from NR, the complexity analysis is shown in the Table 2. It is observed that the complexity of the proposed design is roughly 75% that of the CRC6 and CRC16 in NR. For A-IoT devices with extremely stringent requirements for complexity and cost, it is worthy to consider the proposed CRC polynomials to reduce complexity, cost and power consumption. 
Table 2 Complexity comparisons between proposed CRC design and the CRCs in NR
	-
	Proposed CRC-6 and CRC16
	CRC-6 and CRC16 in TS 38.212
	Ratio

	Registers
	16
	22
	72.73%

	XOR
	4
	5
	80%



[bookmark: _Ref5283]The nested design of CRCs can reduce the complexity for A-IoT by approximately one-quarter.
The False Alarm Rate (FAR) of the CRC6/CRC16 are simulated. Specifically, Figure 9 presents the simulation results for a TBS of 128, while Figure 10 shows the results for a TBS of 1000. The results demonstrate that the FAR performance of new CRC16 polynomial is equivalent to that of the CRC16 polynomial in NR, indicating that the new design is effective for both short and long TBS. 
[image: ]
Figure 9 FAR of CRC-16 for TBS 128.
[image: ]
Figure 10 FAR of CRC-16 for TBS 1000.
[bookmark: _Ref5309]FAR performance of new designed CRC16 polynomial is equivalent to that of the CRC16 polynomial in NR for both short and long TBS.
[bookmark: _Ref5332]Nested polynomials for 6-bit CRC and 16-bit CRC can be considered in A-IoT. 
[bookmark: _Ref5355]It is proposed that the following 6-bit and 16-bit CRCs are used in A-IoT:


-	 for a CRC length ;


-	 for a CRC length . 
2.1.6. Multiple access
[bookmark: _Ref20562]According to the discussion in the last RAN1 meeting [2], the proposal of A-IoT DL resource scheduling schemes is as following:
	Proposal 2.6a(III): R2D study, for one reader:
· Includes time-domain scheduling by reader
· FFS: Frequency-domain scheduling by reader, of multiple Btx,DL, within and between bandwidths


In our views, time domain scheduling by reader is relatively easy to implement for devices and can be considered as a baseline. 
Meanwhile, the bandwidth of network matching of A-IoT device (especially for device type 1) can be up to tens of MHz. And the feasibility of RF filter needs further clarification given the constraint on power consumption and complexity of device type 1. Therefore, it is challenging for A-IoT device to distinguish different frequency-domain resources if frequency-domain scheduling by reader. Therefore, the feasibility of frequency-domain scheduling by reader should be further studied.
[bookmark: _Ref15845]For A-IoT DL, time domain scheduling by reader should be considered.

2.2. A-IoT UL
2.2.1. Waveform 
For A-IoT D2R, the baseband waveform design is more related to device types (i.e. device capabilities). Device 1 and device 2a only support UL transmission backscattered on CW provided externally and device 2b supports UL transmission generated internally. For non-OFDM-based waveform, companies have proposed single tone or single carrier waveform for A-IoT UL because of their ease in self-interference management and compatibility with the capability of device 2b. For device 1/2a supporting UL transmission based on OFDM-based CW, according to the agreement for CW in the last RAN1 meeting, multi-tone waveforms (including multiple discrete tones and multiple continuous tones) for carrier wave for D2R backscattering can be studied. Therefore, it is proposed that for device with D2R backscattering transmission on a carrier-wave, the waveform should be discussed in section 9.4.2.4. 
[bookmark: _Ref15871]It is proposed that for device with D2R backscattering transmission on a carrier-wave, the waveform should be discussed in section 9.4.2.4.

2.2.2. Modulation
[bookmark: OLE_LINK6][bookmark: OLE_LINK5]For A-IoT UL transmission, OOK is simple to implement and widely used for D2R link in RFID system. Moreover, BPSK offers lower theoretical reflection loss and is also attainable for RFID. Therefore, we propose that A-IoT UL study for baseband modulation includes OOK and BPSK. 
The performance for FM0 coding with OOK and BPSK modulation shown in Figure 11. It can be seen the BPSK provides 3dB performance gain than OOK.
[bookmark: _Ref15913]Study OOK and BPSK baseband modulation for A-IoT UL.
[image: ]
Figure 11 Performance of OOK and BPSK for A-IoT UL
To support FSK modulation, frequency shift is required by A-IoT. For small frequency shift by A-IoT, it is similar with Miller-based subcarrier modulation, that is to say, FSK can be implemented by line code-based subcarrier modulation. However, due to the low synchronization accuracy of A-IoT device, the spectrum efficiency should be considered. It is noted that the inaccuracy of frequency shift implemented by A-IoT device depends on the clock error (i.e., SFO), counting error (e.g., clock recovery during D2R preamble detection), frequency division error. The resultant frequency shift error can be far larger than the SFO. 
For large frequency shift with tens of MHz, it requires mixer, oscillator, and PLL/FLL. However, these component requirements exceed device type 1’s capability. Therefore, we propose to clarify FSK modulation generation method and study the feasibility including spectral or resource efficiency, power consumption and complexity feasibility for the A-IoT devices.
[bookmark: _Ref15943]Clarify binary FSK modulation generation method and study the feasibility including spectral or resource efficiency, power consumption and complexity feasibility for the A-IoT devices.
According to the discussion in the last RAN1 meeting [1], the proposal for D2R sideband is as following. In our views, 2SB is proposed for the study of D2R by considering the transmission performance.
	Proposal 3.2b(II): Study assumes double sideband (2SB) transmission for D2R.



2.2.3. Numerologies
As the discussion in the last RAN1 meeting [2], the concept of SCS in an NR/LTE or the A-IoT DL sense may not be applicable if the A-IoT UL waveform is single-carrier. Thus, we propose to discuss this issue after the A-IoT UL waveform is clear.
[bookmark: _Ref15959]Discussion on numerologies for UL after the A-IoT UL waveform is clear.

2.2.4. Bandwidth
According to the discussion in the last RAN1 meeting [2], the proposal for A-IoT UL bandwidth is shown as followings.
	[bookmark: OLE_LINK48]Proposal 3.8.2a(I): Bocc,UL is down-selected among:
· Alt 1: At least 1 PRB
· FFS the maximum and the granularity
· Alt 2: An entire NR band
Proposal 3.8.2b(I): Btx,D2R is down-selected among:
· Alt 1: The same as the bandwidth of an external (reference) carrier wave
· FL note: “(reference)” is FL’s assumption to cover the case of a device with an internal carrier wave, where the external carrier wave is not present.
· Alt 2: A set of specified/assumed value(s). FFS what value(s).
· Alt 3: Multiples of a subcarrier spacing


For A-IoT UL transmission, there are two kinds of UL transmission including backscattering on a CW and internal generation by device. Therefore, the A-IoT UL bandwidth should consider both CW waveform and A-IoT active UL waveform. From receiver perspective, the actual UL signal transmission bandwidth (i.e. Btx,D2R) is the most important. For example, the value of Btx,D2R can be defined as 180kHz, 360kHz, 720kHz, i.e. 1RB, 2RBs and 4RBs under the case of SCS=15kHz respectively. In addition, considering multiple single-tones for CW, the value of Btx,D2R for continuous and discrete frequency resource for A-IoT UL transmission should also be defined. Therefore, we propose that Btx,D2R should be discussed as high priority by RAN1. 
[bookmark: _Ref5515]The value(s) of Btx,D2R should be discussed as high priority by RAN1 considering both continuous and discrete frequency resource for A-IoT UL transmission. 
Moreover, it should be noting that Bocc,D2R includes guard band so that the value of Bocc,D2R should be discussed with low priority by RAN1.We propose that the following alternatives should be considered as the candidate values of Bocc,D2R. 
· [bookmark: _Ref5567]Alt 1: At least 1 PRB
· [bookmark: _Ref5574]Alt 2: Multiples of a subcarrier spacing
· [bookmark: _Ref5577]Alt 3: An entire NR band
[bookmark: _Ref5590]Bocc,D2R is down-selected among:
· [bookmark: _Ref5610]Alt 1: At least 1 PRB
· [bookmark: _Ref5613]Alt 2: Multiples of a subcarrier spacing
· [bookmark: _Ref5616]Alt 3: An entire NR band

2.2.5. Coding 
· Line code
[bookmark: OLE_LINK50]According to the agreements in the last RAN1 meeting [1], the mapping(s) from bit(s) to line-code codewords for D2R is FFS. For A-IoT UL transmission, it is essential to account for the effect of sampling frequency offset (SFO) because SFO can result in uncertain symbol duration. It is easier to determine the symbol boundary by using Manchester, FM0 and Miller in the UL transmission. Therefore, Manchester, FM0 and Miller can be studied as the starting point for A-IoT UL transmission. For D2R Manchester coding, the mapping(s) from bit(s) to line-code codewords can reuse the codewords for R2D Manchester coding. 
[bookmark: _Ref16037]For UL transmission, sampling frequency offset (SFO) can result in uncertain symbol duration which should be considered in coding scheme design.
[bookmark: _Ref16060]For D2R Manchester coding, the mapping(s) from bit(s) to line-code codewords can reuse the codewords for R2D Manchester coding.
According to the discussion in last RAN1 meeting [2], the smallest unit of resource allocation for D2R is proposed as followings. In our views, a chip can be defined as the smallest unit of resource element which is similar to an OFDM symbol or a resource element in NR. For the definition of the smallest unit of resource allocation, the length of codeword, i.e. the number of bits of a codeword (Lcw) times the chip length, is more appropriate than a chip. If no line code is used, it is proposed that the smallest unit of resource allocation is a chip.
[bookmark: _Ref5675]It is proposed that the smallest unit of resource allocation is the length of codeword, i.e. the number of bits of a codeword (Lcw) times the chip length for R2D transmission. If no line code is used, it is proposed that the smallest unit of resource allocation is a chip.
	Proposal 3.3b(II): In D2R, the smallest unit of resource allocation:
· [bookmark: _Ref5718]If a line code is used, is a chip i.e., a duration equal to a reference duration of the line code.
· [bookmark: _Ref5721]If no line code is used, is FFS.


The simulation results of Manchester, FM0, Miller under AWGN channel are provided in Figure 12. The Bahl-Cocke-Jelinek-Raviv (BCJR) decoding algorithm [3] with soft input soft output (SISO) is used for simulation. The total coding rate is 1/2 and information block length is 128 for all cases. It can be observed that Manchester code has the best performance, followed by FM0, while Miller code has the poorest performance.
[bookmark: _Ref16083]The performance of line code is: Manchester code > FM0 > Miller code.
[image: ]
Figure 12 BLER performance of Manchester/FM0/Miller
Simulation assumptions:
	
	Configurations
	Notes

	Information block length
	128 bits
	BLER is computed per information block.

	Modulation
	BPSK
	

	FM0
	k=1, n=2
	BCJR decoder (SISO)

	Miller-M
	k=1, n=2, M=1
	BCJR decoder (SISO)



· FEC
According to the agreements in the last RAN1 meeting [1], FEC at least convolutional codes has been agreed as the study FEC code candidates for the R2D transmission. And, details of convolutional codes such as polynomial(s), shift-register termination is FFS. 
	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. 


FEC can improve the decoding performance and some FECs can be implemented with minimal complexity for device hardware, e.g. CC. For A-IoT UL transmission, decoding is performed by reader, FEC can be considered. Convolutional encoder has extremely low encoding complexity, which consists of some registers and XOR gates. 
[bookmark: _Ref5832]Convolutional encoder has extremely low complexity, which consists of some registers and XOR gates. 
As shown in Figure 13 and Figure 14, it compares the performance of TBCC under different constraint lengths, with TBS being equal to 128. It can be observed that the larger the constraint length, the better the decoding performance. For CC coding, increasing the constraint length is equivalent to increasing the number of registers, which will increase the encoding complexity. As shown in Figure 13 for code rate of 1/2, a constraint length of 7 is approximately 0.6 dB better than that of 5, a constraint length of 9 is about 0.5 dB better than that of 7, and a constraint length of 11 is roughly 0.1 dB better than that of 9. 
[image: ]
Figure 13 Performance of CC with different constraint lengths for code rate 1/2
As shown in Figure 14 for code rate of 1/4, a constraint length of 7 is approximately 0.8 dB better than that of 5, a constraint length of 9 is about 0.5 dB better than that of 7, and a constraint length of 11 is roughly 0.2 dB better than that of 9. 
[image: ]
Figure 14 Performance of CC with different constraint lengths for code rate 1/4
[bookmark: _Ref5855]Convolutional code with larger constraint length can achieve better performance. 
[bookmark: _Ref5878]For code rate of 1/2, the performance improvement is not significant if the constraint length of the convolutional code reaches 9 or greater. 
From the perspective of the encoding side, increasing the constraint length of CC coding simply requires adding a few more registers and XOR gates. For example, compared to a constraint length of 7, a constraint length of 9 in CC encoding requires an additional 2 registers and several XOR gates. 
From the perspective of the decoding side, each increase of 1 in the constraint length of CC encoding corresponds to a doubling number of the states, which implies that both the computation and storage for path metric calculations need to be doubled. Therefore, increasing the constraint length will lead to an increase in decoding complexity. There is an exponential relationship between the number of states in the Viterbi decoder and the constraint length, that is, the decoding complexity is also exponentially related to the constraint length. Hence, the constraint length should not be set too large and a compromise should be considered.
[bookmark: _Ref5894]Increasing the constraint length will cause the complexity of CC decoding to increase exponentially.
Taking into account performance, encoding complexity, and decoding complexity, it is feasible to use a moderate constraint length for convolutional code, such as 7 or 9. In this case, the number of registers is only half the number of registers required for CRC-16. It allows for a balance between achieving better decoding performance and maintaining reasonable levels of complexity in both encoding and decoding processes.
To reduce the code rate of convolutional code, it is only necessary to add a parity streams(polynomials). For the encoding side, adding more polynomials will increase a few of XOR gates, and the increase in the number of XOR gates is linearly related to the number of polynomials added. For example, changing the code rate from 1/2 to 1/3 requires 4 more XOR gates. For the decoding side, adding more polynomials merely involves additional computation for branch metrics, which does not significantly increase complexity. Therefore, it is possible to consider a lower code rate to achieve better coding gain, such as a code rate below 1/2.
[bookmark: _Ref5914]Reducing the code rate does not significantly increase the complexity of CC encoding and decoding. 
[bookmark: _Ref5936]Lower code rate, such as a code rate below 1/2, can be adopted for CC coding to achieve more coding gain.
As shown in Figure 15, it illustrates a performance comparison between using repetition (a scheme of CC coding with code rate of 1/2 combined with a repetition) and non-repetition (CC coding scheme with a code rate of 1/4) techniques to achieve a total code rate of 1/4. It can be observed that the performance gain of coding is approximate 0.5 dB.
[bookmark: _Ref5959]For total code rate of 1/4, compared with repetition of TBCC code rate 1/2, the TBCC code rate 1/4 can approximately achieve performance gain of 0.5 dB. 

[image: ]
Figure 15 BLER performance of TBCC 1) between R-1/4 and R-1/2-Rep, 2) R-1/6 and R-1/3-Rep
In Figure 15, it also illustrates a performance comparison between using repetition and non-repetition techniques to achieve a total code rate of 1/6. It can be observed that the performance gain of coding is only approximately 0.2 dB.  
[bookmark: _Ref5976]For total code rate of 1/6, compared with repetition of TBCC rate 1/3, the TBCC rate 1/6 can achieve only performance gain of approximately 0.2 dB.
[bookmark: _Ref5995]It is proposed that CC with minimum code rate of 1/4 is used for A-IoT D2R. 





An example of a convolutional encoding structure with a constraint length of 7(64 states) is shown in Figure 16, and 4 polynomials are , ,  and . It includes 6 registers and 15 XOR gates. For an input bit , an output coded bits with 4 bits(,, and ) can be obtained and the code rate is 1/4. 
[image: ]
Figure 16 A convolutional coding with constraint length of 7
We give the simulation results for A-IoT UL transmission by using FM0, Miller and TBCC under AWGN channel. Figure 17 demonstrates BLER performances of FEC-encoded and Miller/FM0/Manchester-encoded BPSK sequences in AWGN channel. Total coding rate is 1/4 and information block length is 128 for all cases. 
For A-IoT UL, the receiver can accommodate decoding algorithms of a certain level of complexity. Therefore, the BCJR soft decoding algorithm can be employed for Miller / FM0 codes, as well as soft-input Viterbi decoding for tail-biting convolutional code. 
It can be seen from Figure 17 that the concatenation of convolutional code and line code achieves performance gain of several dB, compared with Manchester code, Miller code, and FM0 code.
[bookmark: _Ref6015]The concatenation of convolutional code and line code outperforms line code.
[image: ]
Figure 17 BLER performance of Manchester/FM0/Miller/TBCC
Table 3 Simulation assumptions
	
	Configurations
	Notes

	Information block length
	128 bits
	BLER is computed per information block.

	CRC length
	16 bits
	

	Modulation
	BPSK
	

	FM0
	k=1, n=2
	BCJR decoder (SISO)

	Miller-M
	k=1, n=2, M=2
	BCJR decoder (SISO)

	TBCC
	k=1, n=2; 
polynomials with g0=1338 and g1=1718; 
Constrain length = 7
	Soft input Viterbi decoder

	Repetition
	The Repetition denotes twice of repetition for each BPSK symbol.
Decoder performs soft combinations.


[bookmark: _Ref6041]The concatenation of convolutional code and Manchester code has best performance.
· Repetition
	Agreement
Study D2R transmission in the physical layer using repetition
· Note: Discussions regarding higher-layer repetitions are up to RAN2.


For A-IoT devices that require minimal circuitry for implementation, the operation of repetition at the physical layer is a simple and effective method to improve coverage. Repetition can be performed on a per-block basis, or it can be done on a per-bit basis. For block-based repetition, A-IoT devices need to buffer the entire coded bits or repeatedly encode (FEC and line coding), which increases complexity.
[bookmark: _Ref6074]For A-IoT devices that require minimal circuitry for implementation, the operation of repetition at the physical layer is a simple and effective method to improve coverage.






Here, we consider a repetition method in the context of convolutional coding, as shown in Figure 18 where the repetition is 1 time. The k-th bit of the information sequence is input into the CC encoder, and output 4 coded bits(,, and ) , which are then repeated on a block basis. For example, the input information sequence with a length of K bits is , and the sequence after CC encoding and repetition operation is . Since the encoding, repetition and data transmission are carried out simultaneously, A-IoT devices do not require buffering coded bits, resulting in simpler hardware implementation.
[bookmark: _Ref6093]Repeat on a block (n coded bits of the convolutional coding, n is the number of polynomials) basis, A-IoT devices do not require buffering coded bits, resulting in simpler hardware. 
[image: ]
Figure 18 Repetition after TBCC coding
[bookmark: _Ref6116]It is proposed that n coded bits of the convolutional coding are repeated for each input information bit, n is the number of polynomials. 

Another coverage enhancement solution is spreading code. Based on our evaluation results in section 2.2.6, it has similar performance with repetition and can provide benefits in D2R multiplexing.

· CRC
[bookmark: OLE_LINK3][bookmark: OLE_LINK8]We suppose same CRC design for both A-IoT UL and DL study. For CRC of A-IoT UL study, the CRC polynomial(s) and the association between down-selected CRC(s) and message size, considering at least false-alarm rate target have already discussed in Section 2.1.5.

2.2.6. Multiple access
According to the agreements in the last RAN1 meeting [1], details on TDMA, FDMA and CDM should be further studied. In this section, analysis on the three multiple access schemes are as followings:
· TDMA
In our views, TDMA is relatively easy to be implemented by devices and can be considered as the baseline. However, due to the increase of coverage, the system capacity also needs to be expanded correspondingly to meet business needs, especially in delay sensitive scenarios. For instance, ensuring timely completion of tasks like completing the labeling and inventory of all goods transported by vehicles passing through the checkpoints. Therefore, the TDMA method may not meet the requirements and further enhancement is needed. 
· FDMA
[bookmark: OLE_LINK9][bookmark: OLE_LINK4]FDMA may be difficult to implement at least for device type 1 with~1 uw. Moreover, FDMA causes lower frequency efficiency. For example, subcarrier modulation can generate mirror symmetry signal and introduce mirror frequency interference. Therefore, it is necessary to a reserve large guard band in frequency domain which leads to a low frequency efficiency. 
[bookmark: OLE_LINK23][bookmark: OLE_LINK20]For A-IoT devices that support frequency shifting, spectral leakage can occur due to two factors: 1) subcarrier modulation and 2) frequency division. Herein, the spectral analysis is shown in Figure 19 for the waveform by using miller subcarrier modulation and frequency division. It is assumed that the target D2R link frequency is f1=160kHz, but the actual D2R link frequency is f2=128kHz considering 20% frequency inaccuracy. It is observed that it produces harmonic components. That is to say, the power of the main frequency component(s) is dispersed to the harmonic components and the corresponding signal waveform is distorted. Therefore, the impacts of spectral leakage and inaccurate frequency division should be considered for FDM-ed devices.
[image: ]
Figure 19 Spectral analysis on miller sub-carrier waveform 
[bookmark: _Ref26113]For FDMA for A-IoT UL, due to the spectral leakage and mirror frequency interference, it is necessary to reserve a large guard band in frequency domain which leads to a low frequency efficiency.
· CDM
When CDM is applied to uplink, the main complexity lies in decoding at the receiver side. While the device implementation is relatively simple, with minimal impact on the device. In addition, in order to enhance uplink coverage, time-domain extension is likely to be applied. In the scenario of coverage enhancement, CDM doesn’t introduce additional resource overhead and complexity for device and can increase uplink capacity compared to employing time-domain repetition. In the worst cases, the performance of CDM is at least better than performance for the case without CDM when two devices collided in time domain. Therefore, CDM can also be considered for uplink multiple access. For CDM, considering the goal of increasing capacity and the decoding performance, both orthogonal and non-orthogonal sequences can be further studied.
Moreover, the potential issues of CDM are analyzed as following.
· Issue 1: time and frequency asynchronization among devices impacted by large SFO
It is an unavoidable issue that SFO has the most significant impacts on A-IoT UL reception in the case of CDM. Due to the significant SFO, the time and frequency domains among different devices become asynchronous. But the negative impact of asynchronization can be mitigated with some enhancements, e.g. enhanced synchronization sequence and enhanced detection method at reader/BS side, e.g., sliding window based detection. 
Moreover, the actual impact of SFO on CDM is that the time/sampling point offset among CDM-ed devices. Therefore, when the time/sampling point offset among CDM-ed devices caused by SFO is small, the impact of SFO is similar to the case of a single UE when only small number of bits is transmitted. 
[bookmark: _Ref6155]The negative impact of asynchronization can be mitigated with some enhancements, e.g. enhanced synchronization sequence and enhanced detection method at reader/BS side, e.g., sliding window based detection.
· Issue 2: near-far effect without power control
For CDM, SIC receiver is useful to perform interference cancellation and signal recovery for a target device among UL transmissions sent by multiple devices. Because it is hard to implement power control by A-IoT device, the received power among multiple devices may be unequal which leads to near-far effect. In fact, during the SIC procedure, the greater the disparity in received power among multiple devices, the better performance will be achieved with CDM scheme. The reason is that SIC receiver leverages unequal power distribution to sequentially detect each device’s signal.
[bookmark: _Ref6172]Even though there will be near-far effect without power control by A-IoT device, the greater the disparity in received power among multiple devices, the better performance will be obtained by SIC receiver with CDM-based multiple access scheme.
1. Evaluation results of CDM and FDMA based multiple access
· CDM
For CDM based A-IoT UL multiple-access transmission, an A-IoT device can randomly select a spreading code from a predefined codebook. Subsequently, it maps its information bits to CDM-ed bits. The reader then utilizes the same codebook to detect the received bits and identify the A-IoT device. 
Taking the Hadamard codes as an example of the codebook, the A-IoT device can map the information bits to CDM-ed bits according to the following steps:
· Step1.1: encode information bits into binary codeword bits according to line code, e.g., Manchester code.
· Step1.2: select a spreading code from the Hadamard codes, the A-IoT device proceeds to map each binary codeword bit into CDM-ed bits with the chosen spreading code. For example, bit-0 is mapped into [0 0 1 1] and bit-1 is mapped into [1 1 0 0] if Hadamard code of [1 1 0 0] is selected. 
· Step 1.3: modulate the CDM-ed bits according to the modulation and waveform scheme and then transmit the modulated bits to the reader. 
The reader detects the data and identifies the A-IoT device from the received signal according to the following steps:
· Step2.1: estimate the channel using the preamble and pre-process the received signal to restore the orthogonality of the spreading codes. The pre-processing can be represented as [image: C:\Users\00206166\AppData\Local\Temp\ksohtml17656\wps1.jpg], wherein [image: C:\Users\00206166\AppData\Local\Temp\ksohtml17656\wps2.jpg] is the estimated channel, y is the received signal, [image: C:\Users\00206166\AppData\Local\Temp\ksohtml17656\wps3.jpg] is the signal after pre-processing;
· Step2.2: detect the data through conventional methods such as decorrelation algorithm. 
If the spreading code is randomly selected, to mitigate collision impact, the detection algorithm can be adapted to further improve the performance.
· FDMA
It is assumed that the FDMA is achieved by line code (such as Manchester) with different M values to shift the transmitted signal at different frequency points. The candidate M values should be design carefully to guarantee enough guard band and avoid interference among difference devices.
Taking 2, 4 and 8 as the available M values as example, the A-IoT device can map the information bits to FDMA-ed bits according to the following steps:
· Step3.1: encode information bits into binary codeword bits according to line code, e.g., Manchester code.
· Step3.2: select a M value from 2/4/8, then map each binary codeword bit into FDM-ed signals using a square-wave with M times of the chip rate in step 3.1.
· Step3.3: modulate the FDMA-ed signals according to the modulation and waveform scheme and then transmit to the reader.
The reader detects the data and identifies the A-IoT device from the received signal according to the following steps:
· Step4.1: transform the received time-domain signal into frequency-domain, then utilize three bandpass filters to extract the potential signals, wherein the central frequency and pass band width of the three bandpass filters is related to the M values.
· Setp4.2: transform the potential signals into time-domain signals, and then attempt to detect if useful bits are carried through conventional methods such as correlation detection.
The difference between CDM and FDMA based A-IoT UL multiple-access transmission is that A-IoT device selects a spreading code for CDM based multi-access, while device selects a M value for FDMA based multi-access. Consequently, at the reader side, it performs time-domain detection for CDM based MA, while for FDM based MA, reader first filters out the detected signal and then perform time-domain based detection.
[bookmark: _Ref6204]The differences of CDM and FDM based multiple access are as below:
· For CDM based multiple access, length-L codebook is applied at A-IOT device side, the reader directly performs time domain-based detection.
· For FDM based multiple access, line code with different M values are used, the reader first filters out the detected signal and then perform time-domain based detection.
Furthermore, the impact of SPO CDM and FDM based multiple access should also be considered. The modelling of SFO and the corresponding SFO processing is detailed as follows:
For an A-IoT device, the SFO is modelled as the variance of OOK symbol length in a corresponding range. More specifically, SFO=1e3 ppm is modelled as the variance of OOK symbol length in a range of [image: C:\Users\00206166\AppData\Local\Temp\ksohtml17656\wps5.jpg]0.1%. 
As for the detection in the presence of SFO, the receiver attempts to mitigate SFO before data detection and device identification. Thus, sliding window based detection is used by reader. It should be noted that the detailed sliding window based processing for SFO compensation for CDM receiver and FDMA receiver may be different since these two receivers are different even without SFO, as mentioned above steps2.1-2.2 for CDM receiver and steps 4.1-4.2 for FDMA receiver. More details about the detection in the presence of SFO are as follows.
· For FDMA scheme, the SFO compensation (i.e., sliding detection window) per chip is firstly conducted, followed by baseband filtering in the frequency domain and data detection in the time domain, to avoid the spectral distortion caused by SFO. More specifically, assuming that the length of one OOK symbol is L1 without SFO, and the SFO leads to the variance of OOK symbol length in a range of [image: C:\Users\00206166\AppData\Local\Temp\ksohtml17656\wps6.jpg]a%, then the length of one transmitted OOK symbol may change among the range of [L1-ceil(L1*a%), L1+ceil(L1*a%)]. Correspondingly, the size of sliding window adjusts among [L1-ceil(L1*a%), L1+ceil(L1*a%)]. The window size with the maximum energy is regarded as the real length of the transmitted chip in the presence of SFO. 
· For CDM scheme, the SFO mitigation corporates with the decorrelation method, wherein the sliding window is adopted for four consecutive OOK chips instead of per chip. That is, the sliding window size changes among [4*(L1-ceil(L1*a%)), 4*(L1+ceil(L1*a%))] for four consecutive OOK chips. For example, when attempting a window size of L2[4*(L1-ceil(L1*a%)), 4*(L1+ceil(L1*a%))], the lengths of the corresponding four consecutive OOK chips, denoted as l1, l2, l3, l4, should satisfy that l1+l2+l3+l4 = L2. Then, perform correlation operations on each window with the possible length-4 spread code of the same OOK lengths, wherein the lengths of the 4 chips of the spread code are considered as l1, l2, l3, l4 correspondingly. And the window size with the maximum correlation value is regarded as the real length of the transmitted symbol after spreading in the presence of SFO. 
The simulation results of CDM and FDMA based A-IoT UL multiple-access transmission under TDL-A are provided in Figures 21-23. In the simulation, both TBS128 with CRC16 and TBS16 with no CRC are considered. The Manchester code of rate 1/2 is used as the line code and the 4-length Hadamard codes are used as the codebook for CDM scheme in the simulation, resulting the total coding rate is 1/8. While the Manchester code of rate 1/8 is used as the line code and the available M value of 2/4/8 is considered for FDMA scheme in the simulation. Besides, for the simulation of single device, the repetition scheme with Manchester code of rate 1/8 and M =1 is evaluated to compare the performance of CDM scheme with spreading code and simple repetition. Furthermore, the same bandwidth for each device is assumed for the three schemes to guarantee the same data rate and spectrum efficiency for each device. However, the total bandwidth for FDM would be twice that of CDM and TDM counterpart.
Figure 20 shows a waveform diagram for the CDM-ed and FDMA-ed signals with the same time-domain resources. Besides, the waveform for the simple repetition scheme is also presented. It can be observed that, the waveform of CDM-ed scheme is equivalent to the line-coded waveform multiplied by a square-wave at M=1, and so is the waveform of repetition scheme.
[image: C:\Users\00206166\AppData\Local\Temp\ksohtml17656\wps4.png]
Figure 20: waveforms for the CDM/FDMA/Repetition schemes.
[bookmark: _Ref6224]The waveform of CDM-ed scheme is equivalent to the line-coded waveform multiplied by a square-wave at M=1 and the waveform of repetition scheme.
As for the CDM/FDM-based multiple access, two devices are considered in the preliminary evaluation. When these two devices transmit data simultaneously, orthogonal spreading codes selected by each device for CMD-based multiple access and different M values selected for FDM-based multiple access are evaluated in the simulations. Besides, for the two devices simulations, the transmitting power for each device has a variance of the target SNR in a range of 3dB so as to simulate the near-far effect of multiple devices.
Simulation assumptions:
	
	Configurations
	Notes

	Information block length
	128 bits with 16-CRC,
16 bits without CRC
	BLER is computed per information block.

	Manchester code
	code rate 1/2: 0->01, 1->10
code rate 1/8: 0->01010101, 1->10101010
	

	CDM 
	4-length Hadamard codes
	

	FDMA
	Manchester code with M=2/4/8
	

	Modulation
	OOK
	

	Waveform
	single carrier 
	

	SFO
	0/1e3/1e4 ppm
	SFO=1e3(1e4) ppm is modelled as the variance of OOK symbol length in a range of [image: C:\Users\00206166\AppData\Local\Temp\ksohtml17656\wps9.jpg]0.1% ([image: C:\Users\00206166\AppData\Local\Temp\ksohtml17656\wps10.jpg]1%) 

	Channel model
	TDL-A
	

	Device number
	1, 2
	

	Tx power variance at device side
	Target SNR + [-3dB 3dB]
	To simulate the near-far effect of multiple devices

	OOK length
	25us
	

	Sampling frequency
	1.92MHz at device side
	


[image: ][image: ]
Figure 21 performance for TBS16+CRC0 and TBS128+CRC16 under SFO=0 ppm over TDL-A channel
[image: ][image: ]
Figure 22 performance for TBS16+CRC0 and TBS128+CRC16 under SFO=1e3 ppm over TDL-A channel
 [image: ][image: ]
Figure 23 performance for TBS16+CRC0 and TBS128+CRC16 under SFO=1e4 ppm over TDL-A channel
The detection performance of relatively small information block (i.e., 16) over TDLA channel are shown in Figure 21 ~ Figure 23. It can be observed that the impact of SFO is relatively slight for CDM scheme. 
Considering the simulation scenario of both single device and two devices, the CDM scheme can maintain the similar or even better performance compared to the repetition scheme, thanks to the decorrelation method combined with SFO mitigation mentioned above. 
On the other hand, the FDMA scheme can achieve the comparable performance only when without SFO. While in the presence of SFO, the performance of FDMA scheme is degraded significantly, even when considering single device. This may result from the independent SFO mitigation and data detection mentioned above, wherein the residual SFO after mitigation would cause the spectral distortion and further deteriorating the filtering performance and the following detecting performance.
It can be pointed out that, the receiver for FDMA scheme requires the time-frequency domain conversion, and the bandpass filtering would cause energy loss, and the residual SFO may cause the spectral distortion and further deteriorating the filtering performance. On the other side, the receiver for CDMA scheme is working totally in the time domain, avoid the complexity of time-frequency domain conversion and the energy loss.
To verify this, evaluation results of FDMA scheme with ideal SFO processing are provided in Figure 24, where it is assumed that the reader has the knowledge of the actual SFO of the device and perform detection in step 4.1~4.2. In this case, it is observed that detection performance of FDMA scheme is improved and similar with CDM based multiple access.
[image: ]
Figure 24 Performance of FDM MA with/without ideal SFO processing
For larger TSB (i.e., TBS 128+CRC16), it can be figured out that the SFO impart is relatively large for the larger information block, and the performance gap among the evaluated schemes become larger. Nevertheless, the CDM scheme still achieve the similar or even better performance compared to the repetition scheme and FDMA scheme for both single device simulation and two devices simulation.
[bookmark: _Ref6240]The performance of CDM scheme is similar and even better when compared to the repetition scheme and FDMA scheme, and the decorrelation detection combined with SFO mitigation can effectively reduce the impact of SFO.
[bookmark: _Ref6257]The FDMA scheme is sensitive to the SFO and the performance is largely degraded in the presence of SFO.
Note that for the above simulations, the following assumption update and corresponding observations can be drawn:
· Due to the spreading code block wise SFO handling benefit under CDM, the performance degradation between a single UE and two UE can be reasonably small while the FDM approach for two UE under certain SFO setting cannot guarantee the fundamental performance for both UEs.
· In access phase, the collision probability between devices will be pivoting in final performance for both FDM and CDM and it's difficult if not impossible to maintain the same level of collision probability for both schemes considering the flexibility of code domain occasions that can be provided within a feasible resource. The performance of FDM even under reasonable SFO setting is highly doubtable.
Based on the discussion and evaluation above, we have the following proposal.
[bookmark: _Ref6283]For A-IoT UL transmission, both TDMA and CDM based time-domain extension can be considered. FFS: FDMA.

3. [bookmark: OLE_LINK15]Conclusions 
In this contribution, we have discussed general aspects of Ambient IoT physical layer design have been discussed including waveform, modulation, numerologies, bandwidths, coding and multiple access. We make the following observations and proposals:
Observation 1:CP impact on R2D timing acquisition, and decoding performance of PRDCH should be considered for Method Type 1 because potential new transition may be introduced by inaccurate removal of CP.
Observation 2:The PER performance for the case of real removal of CP is inferior to that for the case of ideal removal of CP.
Observation 3:Whether to arrange that OOK chips have equal length after CP insertion should be further studied and the impact on performance should be evaluated.
Observation 4:As Manchester code conveys clock recovery information and has shorter transmission length, its performance is better than that of PIE.
Observation 5:The nested design of CRCs can reduce the complexity for A-IoT by approximately one-quarter.
Observation 6:FAR performance of new designed CRC16 polynomial is equivalent to that of the CRC16 polynomial in NR for both short and long TBS.
Observation 7:For UL transmission, sampling frequency offset (SFO) can result in uncertain symbol duration which should be considered in coding scheme design.
Observation 8:The performance of line code is: Manchester code > FM0 > Miller code.
Observation 9:Convolutional encoder has extremely low complexity, which consists of some registers and XOR gates. 
Observation 10:Convolutional code with larger constraint length can achieve better performance. 
Observation 11:For code rate of 1/2, the performance improvement is not significant if the constraint length of the convolutional code reaches 9 or greater. 
Observation 12:Increasing the constraint length will cause the complexity of CC decoding to increase exponentially.
Observation 13:Reducing the code rate does not significantly increase the complexity of CC encoding and decoding. 
Observation 14:For total code rate of 1/4, compared with repetition of TBCC code rate 1/2, the TBCC code rate 1/4 can approximately achieve performance gain of 0.5 dB. 
Observation 15:For total code rate of 1/6, compared with repetition of TBCC rate 1/3, the TBCC rate 1/6 can achieve only performance gain of approximately 0.2 dB.
Observation 16:The concatenation of convolutional code and line code outperforms line code.
Observation 17:The concatenation of convolutional code and Manchester code has best performance.
Observation 18:For A-IoT devices that require minimal circuitry for implementation, the operation of repetition at the physical layer is a simple and effective method to improve coverage.
Observation 19:Repeat on a block (n coded bits of the convolutional coding, n is the number of polynomials) basis, A-IoT devices do not require buffering coded bits, resulting in simpler hardware. 
Observation 20:For FDMA for A-IoT UL, due to the spectral leakage and mirror frequency interference, it is necessary to reserve a large guard band in frequency domain which leads to a low frequency efficiency.
Observation 21:The negative impact of asynchronization can be mitigated with some enhancements, e.g. enhanced synchronization sequence and enhanced detection method at reader/BS side, e.g., sliding window based detection.
Observation 22:Even though there will be near-far effect without power control by A-IoT device, the greater the disparity in received power among multiple devices, the better performance will be obtained by SIC receiver with CDM-based multiple access scheme.
Observation 23:The differences of CDM and FDM based multiple access are as below:
· For CDM based multiple access, length-L codebook is applied at A-IOT device side, the reader directly performs time domain-based detection.
· For FDM based multiple access, line code with different M values are used, the reader first filters out the detected signal and then perform time-domain based detection.
Observation 24:The waveform of CDM-ed scheme is equivalent to the line-coded waveform multiplied by a square-wave at M=1 and the waveform of repetition scheme.
Observation 25:The performance of CDM scheme is similar and even better when compared to the repetition scheme and FDMA scheme, and the decorrelation detection combined with SFO mitigation can effectively reduce the impact of SFO.
Observation 26:The FDMA scheme is sensitive to the SFO and the performance is largely degraded in the presence of SFO.
Proposal 1:Considering easier interference mitigation for legacy NR transmission, it is proposed that methods of CP handling should ensure orthogonal characteristic for each OFDM symbol.
Proposal 2:Method Type 2 can be used for CP handling for OFDM based OOK waveform with no additional false rising/falling edges by introducing CP.
Proposal 3:OOK-4 (i.e. DFT-s-OFDM) should be studied as the baseline for A-IoT DL. 
Proposal 4:The necessity and details of pulse shaping DFT-s-OFDM are proposed to be discussed by RAN4. 
Proposal 5:Based on the target data rate and coverage requirement, and PER performance for different values of M, study M=1, 2, 4 and 8 as the candidate values for A-IoT DL. 
Proposal 6:For A-IoT DL, chip is the minimum unit in time domain which corresponds to the length of an OOK symbol. 
Proposal 7:It is unnecessary to limit R2D transmission as 1SB or 2SB. 
Proposal 8:The inclusion of subcarrier spacing of 30 kHz depends on the operating band for A-IoT R2D transmission.
Proposal 9:The basic time unit of DL Tc reuses the definition in NR from reader perspective.
Proposal 10:The smallest unit of resource allocation is the length of codeword, i.e. the number of bits of a codeword (Lcw) times the chip length for R2D transmission.
Proposal 11:Guard band for R2D transmission should be studied by RAN4.
Proposal 12:For R2D OFDM-based waveform, the value of transmission bandwidth (Btx,R2D) should be based on the values of M to ensure an acceptable performance and data rate.
Proposal 13:Consider Manchester encoding for R2D transmission. Down-select the codeword for different code rate from the following options.
· 1/2 code rate: bit 0→ chips{01}, bit 1→chips{10}
· 1/4 code rate: 
· A: bit 0→chips{0110}, bit 1→chips{1001}
· B: bit 0→chips{0101}, bit 1→chips{1010}
· 1/8 code rate: 
· A: bit 0→chips{01111110}, bit 1→chips{11100111}
· B: bit 0→chips{01010101}, bit 1→chips{10101010}
· Reference duration of each bit of codeword is equal to duration of a chip
Proposal 14:FEC is not applied to R2D transmission.
Proposal 15:Nested polynomials for 6-bit CRC and 16-bit CRC can be considered in A-IoT. 
Proposal 16:It is proposed that the following 6-bit and 16-bit CRCs are used in A-IoT:


-	 for a CRC length ;


-	 for a CRC length . 
Proposal 17:For A-IoT DL, time domain scheduling by reader should be considered.
Proposal 18:It is proposed that for device with D2R backscattering transmission on a carrier-wave, the waveform should be discussed in section 9.4.2.4.
Proposal 19:Study OOK and BPSK baseband modulation for A-IoT UL.
Proposal 20:Clarify binary FSK modulation generation method and study the feasibility including spectral or resource efficiency, power consumption and complexity feasibility for the A-IoT devices.
Proposal 21:Discussion on numerologies for UL after the A-IoT UL waveform is clear.
Proposal 22:The value(s) of Btx,D2R should be discussed as high priority by RAN1 considering both continuous and discrete frequency resource for A-IoT UL transmission. 
· Alt 1: At least 1 PRB
· Alt 2: Multiples of a subcarrier spacing
· Alt 3: An entire NR band
Proposal 23:Bocc,D2R is down-selected among:
· Alt 1: At least 1 PRB
· Alt 2: Multiples of a subcarrier spacing
· Alt 3: An entire NR band
Proposal 24:For D2R Manchester coding, the mapping(s) from bit(s) to line-code codewords can reuse the codewords for R2D Manchester coding.
Proposal 25:It is proposed that the smallest unit of resource allocation is the length of codeword, i.e. the number of bits of a codeword (Lcw) times the chip length for R2D transmission. If no line code is used, it is proposed that the smallest unit of resource allocation is a chip.
Proposal 26:Lower code rate, such as a code rate below 1/2, can be adopted for CC coding to achieve more coding gain.
Proposal 27:It is proposed that CC with minimum code rate of 1/4 is used for A-IoT D2R. 
Proposal 28:It is proposed that n coded bits of the convolutional coding are repeated for each input information bit, n is the number of polynomials. 
Proposal 29:For A-IoT UL transmission, both TDMA and CDM based time-domain extension can be considered. FFS: FDMA.
4. [bookmark: OLE_LINK16][bookmark: OLE_LINK25]References
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5. Annex
Table A.1: Simulation assumptions
	Parameters
	Assumptions

	R2D/D2R common parameters

	Carrier frequency
	900MHz

	SCS
	15 kHz

	Block structure
	R2D: 20 info. bits + 6bits CRC
D2R: 16 info. bits wo. CRC
128 info. Bits + 16 bits CRC

	Channel model
	TDL-A

	Delay spread
	30 ns

	Device velocity
	3 km/h

	Number of Tx/Rx chains for Ambient IoT device
	1

	BS
	Number of antenna elements
	1

	
	Number of TXRUs
	1

	Intermediate UE
	Number of antenna elements
	1

	
	Number of TXRUs
	1

	BLER target
	1%, 10%

	Sampling frequency
	1.92MHz

	R2D specific parameters

	Transmission bandwidth
	30kHz per OOK chip

	RF-ED bandwidth
	[10 MHz]

	BB LPF
	[3]-order Butterworth filter with cutoff frequency at [180] kHz

	Waveform
	OOK waveform generated by OFDM modulator

	Modulation
	OOK-4 with M=1, 2, 4, 8, 16, 24, 32 chips per OFDM symbol

	Line code
	1/2 Manchester: 0-->{01}, 1-->{10}
PIE: 0-->{10}, 1-->{110}

	FEC
	No FEC as baseline

	ADC bit width
	4-bit for device 2

	D2R specific parameters

	Transmission bandwidth
(w.r.t. D2R data rate)
	15 kHz as baseline

	Waveform (CW)
	unmodulated single tone, multi-tone

	Modulation
	OOK, PSK

	Line code
	Miller, FM0, Manchester

	FEC
	CC, No FEC

	ADC bit width
	11-bit





2

image4.png
-OFDM symbol n-1-

-OFDM symbol n- -OFDM symboln+1:

1+ chip.
transmit from

the scond
chip

2 chip

bit
high power
level

bit0:
low power
level




image5.png
-OFDM symbol n-1- -OFDM symbol n-

sonr . . tigh power
levl
s <
o v " o bito:
lowpower
Aot o





image6.jpeg
180Kz, §

.92Msps

OOMHz, aven. OOK-4, BN

—e— i ho
—— 2 sto
—— i sfo
—— 6.0 sto

10

o 5 10 15 20

SR (dB)




image7.jpeg
00MHz, TOLA, K4, BW_ =M"180KHz, fs=1.92Usps

—e— i ho
—— 2 sto
—— i sfo
—— 6.0 sto

SR (dB)




image8.jpeg
info:00, =4, 1/2 Manchester, BN =180Ki{z

Subcarrier Index




image9.jpeg
info:01,

4. 1/2 Manchester . B, 180Kz

: 6 8 10
Subcarrier Index




image10.jpeg
00MHz .

avgn,

O0K-4, ¥

. BN, 180Kz, fs

—&— Pk sfo
—— PlEi . sfo
—5— ane

——

ster o,

ester i

sfo
sfo

SR (dB)





image11.jpeg
00MHz, TOLA. OOK-4, M

BN, =180KHz, fs=1.92)

—&— Pk sfo
—— PlEi . sfo
—5— anchester o, sfo
—— anchester i

sfo

SR (dB)




image12.wmf
(

)

]

1

[

5

6

CRC6

+

+

=

D

D

D

g


oleObject1.bin

image13.wmf
6

=

L


oleObject2.bin

image14.wmf
(

)

]

1

[

5

12

16

CRC16

+

+

+

=

D

D

D

D

g


oleObject3.bin

image15.wmf
16

=

L


oleObject4.bin

oleObject5.bin

oleObject6.bin

image16.wmf
(

)

]

1

[

5

6

11

16

CRC16

+

+

+

+

=

D

D

D

D

D

g


oleObject7.bin

oleObject8.bin

image17.emf
Data In

D

1

D

0

D

5

D

3

D

4

D

2

D

7

D

6

D

9

D

8

D

1

3

D

1

1

D

1

2

D

1

0

D

1

5

D

1

4

1

2


image18.emf
0 1 2 3 4 5 6

SNRdB

10

-8

10

-7

10

-6

10

-5

10

-4

F

A

R

AWGN, TBS=128

New CRC16

NR CRC16


image19.emf
2 3 4 5 6 7 8

SNRdB

10

-7

10

-6

10

-5

10

-4

F

A

R

AWGN, K=1000

NewCRC

NRCRC


oleObject9.bin

oleObject10.bin

oleObject11.bin

oleObject12.bin

image20.emf
-4 -2 0 2 4 6 8 10 12

EsN0

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

/

B

E

R

AWGN, K=64

FM0-BPSK-BLER

FM0-BPSK-BER

FM0-OOK-BLER

FM0-OOK-BER


image21.emf
-4 -2 0 2 4 6 8 10

EsN0

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

/

B

E

R

BPSK, K=128

Miller-BPSK-BLER

Miller-BPSK-BER

FM0-BPSK-BLER

FM0-BPSK-BER

Manch-BPSK-BLER

Manch-BPSK-BER


image22.emf
-4 -3 -2 -1 0 1 2 3 4

SNRdB

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

TBCC, BPSK, Viterbi, R=1/2, CRC16, TBS = 128

CL4

CL5

CL6

CL7

CL8

CL9

CL10

CL11


image23.emf
-8 -7 -6 -5 -4 -3 -2 -1

EsN0

10

-3

10

-2

10

-1

10

0

B

L

E

R

AWGN, BPSK, CRC16, R=1/4, TBS=128

TBCC-CL=4

TBCC-CL=5

TBCC-CL=6

TBCC-CL=7

TBCC-CL=8

TBCC-CL=9

TBCC-CL=10

TBCC-CL=11


image24.emf
-9 -8 -7 -6 -5 -4 -3

EsN0

10

-2

10

-1

10

0

B

L

E

R

AWGN, CRC16, TBS=128

TBCC-R=1/4

TBCC-R=1/2-Rep

TBCC-R=1/6

TBCC-R=1/3-Rep


image25.wmf
k

c


oleObject13.bin

image26.wmf
0

k

d


oleObject14.bin

image27.wmf
1

k

d


oleObject15.bin

image28.wmf
2

k

d


oleObject16.bin

image29.wmf
3

k

d


oleObject17.bin

image30.emf
D

k

c

0

k

d

1

k

d

(

)

6

5

3

2

0

1

D

D

D

D

D

g

+

+

+

+

=

(

)

6

3

2

1

1

1

D

D

D

D

D

g

+

+

+

+

=

D

D

D

D

D

2

k

d

3

k

d

(

)

6

4

2

1

2

1

D

D

D

D

D

g

+

+

+

+

=

(

)

6

5

2

1

1

D

D

D

D

g

+

+

+

=


image31.emf
-8 -6 -4 -2 0 2 4 6 8

EsN0

10

-4

10

-3

10

-2

10

-1

10

0

B

L

E

R

AWGN, BPSK, K=128

Miller-M2

FM0-Rep

Manch-Rep

TBCC-Miller-Soft

TBCC-FM0-Soft

TBCC-Manch-Soft


oleObject18.bin

oleObject19.bin

oleObject20.bin

oleObject21.bin

image32.wmf
1

0

,

,

,

,

-

K

k

c

c

c

L

L


oleObject22.bin

image33.wmf
L

L

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

,

3

2

1

0

3

2

1

0

3

0

2

0

1

0

0

0

3

0

2

0

1

0

0

0

k

k

k

k

k

k

k

k

d

d

d

d

d

d

d

d

d

d

d

d

d

d

d

d


oleObject23.bin

image34.emf
CC 

encoder

Repetition

k

c

0

k

d

1

k

d

2

k

d

3

k

d

0

k

d

0

k

d

1

k

d

2

k

d

3

k

d

1

k

d

2

k

d

3

k

d


image35.png
PSD

01

0.08

0.06

0.04

0.02

Miller, M=4

-800 -600 -400 -200 0 200 400 600 800

Frequency (KHz)




image36.jpeg




image37.jpeg




image38.jpeg




image39.jpeg




image40.png
Ot Bt 101





image1.jpeg
00MHz, TOLA., OOK-4. OkHz, £

.92Msps

—5— ideal OF removal.ui. sfo
—— real P remoal.i. sfo

SR (dB)




image41.jpeg




image42.emf
0 5 10 15 20 25

SNR

10

-3

10

-2

10

-1

10

0

B

L

E

R

different MA, TBS16, TDLA, SFO0

CDM, UE1

FDM, UE1

REP, UE1

CDM, UE2

FDM, UE2


image43.emf
0 5 10 15 20 25

SNR

10

-2

10

-1

10

0

B

L

E

R

different MA, TBS128+CRC16, TDLA, SFO0

CDM, UE1

FDM, UE1

REP, UE1

CDM, UE2

FDM, UE2


image44.emf
0 5 10 15 20 25 30

SNR

10

-3

10

-2

10

-1

10

0

B

L

E

R

different MA, TBS16, TDLA, SFO1000

CDM, UE1

FDM, UE1

REP, UE1

CDM, UE2

FDM, UE2


image45.emf
0 5 10 15 20 25 30 35 40

SNR

10

-2

10

-1

10

0

B

L

E

R

different MA, TBS128+CRC16, TDLA, SFO1000

CDM, UE1

FDM, UE1

REP, UE1

CDM, UE2

FDM, UE2


image46.emf
0 5 10 15 20 25 30 35 40

SNR

10

-3

10

-2

10

-1

10

0

B

L

E

R

different MA, TBS16, TDLA, SFO10000

CDM, UE1

FDM, UE1

REP, UE1

CDM, UE2

FDM, UE2


image47.emf
0 5 10 15 20 25 30 35 40

SNR

10

-2

10

-1

10

0

B

L

E

R

different MA, TBS128+CRC16, TDLA, SFO10000

CDM, UE1

FDM, UE1

REP, UE1

CDM, UE2

FDM, UE2


image48.emf
0 5 10 15 20 25 30

SNR

10

-3

10

-2

10

-1

10

0

B

L

E

R

different MA, TBS16, TDLA, SFO1000, UE1

CDM

FDM

FDM-ideal SFO processing


oleObject24.bin

oleObject25.bin

image2.jpeg
00M{z, TDLA, OOK-4, M=8, BN, =240KHz, fs=1.92)

—5— ideal OF removal.ui. sfo
—— real P remoal.i. sfo

SR (dB)




oleObject26.bin

oleObject27.bin

image3.png
-OFDM symbol n-1-

-OFDM symbol n-

e . -

M-th chip

bit-0:
low power
level




