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1. [bookmark: _Ref4817]Introduction
During RAN1#116 meeting, general aspects of physical layer design for A-IoT were discussed, some initial agreements have been made as the following[1],
	[bookmark: OLE_LINK2]Agreement
A-IoT DL study includes an OFDM-based waveform from A-IoT R2D (reader-to-device) perspective. 
· Depending on what modulation(s) are decided to be studied:
· Study whether/how to handle CP at transmitter/device/design 
· Study other characteristics of the OFDM waveform, e.g.:
· CP-OFDM
· DFT-s-OFDM
· Etc.
· The type of OFDM waveform is transparent to A-IoT device.
Other waveforms from DL transmitter’s perspective can be proposed, and further discussion will consider whether or not they are included in the study.

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

[bookmark: OLE_LINK9]Agreement
For R2D, line codes studied are: Manchester encoding and pulse-interval encoding (PIE).
· FFS: Mapping(s) from bit(s) to line-code codewords
· FFS: Time domain definition of e.g., chips and relation to OFDM symbols, resource allocation unit, etc.

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

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

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

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



In this contribution, we provide our views on the general aspects based on above agreements and make proposals.

2. Discussion on general aspects of A-IOT physical layer 
The numerology, waveform/modulation, coding, bandwidth and multiple access issues are discussed in the following.
2.1. Numerology
The numerology for downlink is defined so that the gNB or intermediate UE can reuse the OFDM architecture for A-IOT R2D transmission. The MC-ASK scheme, e.g. OOK-1 or OOK-4 is suggested to generate OOK waveform. In this case, using SCS among NR candidates can keep organization between A-IOT and NR when in band deployment is supported.
The SCS chosen for A-IOT should considered the deployment spectrum. Since it is focused on FR1 licensed spectrum in FDD, 900MHz will be a good choice for global FDD spectrum deployment for Ambient-IoT. A common numerology as NR deployment for this band should be considered for coexistence, therefore, we propose to focus on 15KHz SCS to reduce the standardization work. And the SCS is defined from gNB or intermediate UE perspective.
For uplink, it is based on backscattering of non-OFDM waves, so no need to define SCS numerology..
Proposal 1: SCS of 15KHz is supported for A-IoT R2D transmission.

2.2. Waveform/modulation
1) R2D link
· Both OOK-1/4 are supported
According to the agreements, A-IoT DL study includes an OFDM-based waveform from A-IoT R2D (reader-to-device) perspective and A-IoT DL study includes OOK from DL transmitter’s perspective. Also it is agreed that OOK-1 and OOK-4 are studied for single OOK chip per OFDM symbol transmission, and M-chip per OFDM symbol transmission respectively. 
With OOK-1/OOK-4 waveform generation, the orthogonality between A-IOT and NR downlink can be maintained, the coexistence interference to NR can be avoided, so we think OOK-1 and OOK-4 are good candidate schemes than other single carrier waveform. 
Among OOK-1 and OOK-4, OOK-4 is necessary for high data rate. For OOK-1, the downlink chip duration is equal to OFDM symbol length, considering 15KHz SCS, the duration will be 71.43us, this will result in a chip rate of 14kcps. If Manchester coding is used, then the bit rate will be 7kbps, considering some bit repetition if supported, the bit rate will be even lower. Since the user experienced data rate target is, for the uplink and downlink, maximum not less than 5 kbps, larger date rate than 5kbps is desired, so OOK-4 with M larger than 1 is needed. 
And what’s more, to support comparable data rate with other passive IOT systems, for example data 0 with at least 6.25us, a chip rate of 2/6.25us = 320kbps is required, again OOK-4 is necessary.
Observation 1: OOK-4 is needed in order to support higher peak data rate and provide comparable data rate to other passive IoT systems.
Proposal 2: Both OOK-1 and OOK-4 are supported for A-IOT downlink waveform, whether OOK-1 or OOK-4 is used depending on the downlink data rate.
· CP issue for OOK-4
For OOK-4, CP will be inserted after IFFT operation, However, for devices with large SFO and small complexity and power consumption, it is hard to perform CP removing correctly when receiving. Then whether CP will bring decoding issue needs to be checked.
As shown in Figure.1, if OOK-4 is used, for OFDM symbol n, if the first OOK bit is “0”, and the last OOK bit is “1”, copying part of the end “1” to the beginning “0” bit, will bring additional ascending/descending edges. When CP length is comparable to OOK chip length, and it can not removed by the devices, error decoding will happen.



Figure. 1 CP issues
Above problem will happen when the last OOK bit “a” in OFDM symbol n-1 is equal to the first OOK bit “b” in OFDM symbol n, but they are different from the last OOK bit “c” in OFDM symbol n. This problem can be solved by shifting the last OOK bit 1 of OFDM symbol n to next symbol, i.e. the OOK-4 value M is reduced to M-1 for OFDM n, when Manchester coding is used, the last OOK bit for OFDM symbol n will be “0”, and no different CP power level will be introduced, since there is always a conversion between 0 and 1 for Manchester coding.
For OOK-1, since the whole OFDM symbol is the either on or off, insertion of CP will not bring additional ascending/descending edges.
[bookmark: OLE_LINK17]Proposal 3: When devices cannot correctly remove CP, the decoding issue caused by CP needs to be addressed. for example, the last OOK chip is postponed to the next OFDM symbol.
 
· Values of M
For the values of M, it should be variable to support different downlink data rates. For example, if the target devices is near the Reader, high data rate can be applied to downlink inventory commands, and if the target devices is far from the Reader, low data rate can be applied to downlink inventory commands.
And for the range of M, we think it should firstly satisfy the data rate requirement of TR 38.848, where the user experienced data rate target is, for the uplink and downlink, maximum not less than 5 kbps, and minimum not less than 0.1 kbps. For 5kbps, OOK-1 is enough, however, the user experienced data rate usually is smaller than the peak data rate, since it may consider scheduling multiple devices, waiting time, etc. Therefore, M larger than 2 is needed.
[bookmark: OLE_LINK6]And secondly, the design should at least support data rate comparable to RFID systems, so as to provide enough competitiveness. For example, a low bound of Tari value with 6.25us means 160kbps data rate, then according to Table.1, M value should be no smaller than 23. The value can be indicated by inventory commands or preamble, details can be studied in 9.4.2.3.
Table 1. Relation of OOK4 M value with data rate
	M values for OOK-4
	Chip rate
	Chip duration(us)
	Data rate *

	OOK-1/OOK-4, M=1
	14kcps
	71.43
	7kbps

	OOK-4, M=2
	28kcps
	35.71
	14kbps

	OOK-4, M=3
	42kcps
	23.81
	24kbps

	OOK-4, M=4
	56kcps
	17.86
	28kbps

	OOK-4, M=5
	70kcps
	14.29
	35kbps

	OOK-4, M=6
	84kcps
	11.9
	42kbps

	OOK-4, M=8
	112kcps
	8.93
	56kbps

	……

	OOK-4, M=23
	322kcps
	3.11
	161kbps

	OOK-4, M=24
	336kcps
	2.98
	168kbps


(* Note: Manchester 1/2 is used to calculate data rate)
Observation 2: M up to M=24 is needed to provide sufficient downlink data rate.
[bookmark: OLE_LINK5]Proposal 4: Support variable M values for OOK-4.
Proposal 5: Candidate values of M should support data rate requirement in TR38.848 and the competitiveness to other IoT techniques.
· OOK Chip duration
[bookmark: OLE_LINK1]When OOK-1 and OOK-4 is adopted, the chip duration is defined as the duration of one modulated on or off bit duration. For OOK-1, the chip duration is same as one OFDM symbol. For OOK-4, the duration is duration of one OFDM symbol/M. 
Proposal 6:For OOK modulation, chip duration is defined as the the duration of one OOK on or off bit duration.

2) D2R link (i.e., uplink)
For uplink with backscattering, both OOK and PSK can be supported from literature, such as many research activities, RFID specifications and etc. Many of the implementations are focused on OOK for the current mainstream RFID manufacturers, since it is easy to realize. BPSK can provide better decoding performance, and practical implementation should be considered for PSK modulation.
Proposal 7: OOK modulation is considered as baseline for Ambient-IoT device-to-reader link.
Proposal 8: PSK modulation can be further studied for Ambient-IoT device-to-reader uplink.

2.3. Coding
· Line code
1) R2D link
According to the agreement, both Manchester encoding and pulse-interval encoding (PIE) will be studied for R2D link. For the mapping from bits to Manchester code, there are two ways, 
· Bit “0” is expressed by a low to high transition, and bit “1” is expressed by a high to low transition, i.e. 0 is mapping to “01”, 1 is mapping to “10” (proposed by G. E. Thomas as the inventor of Manchester coding);
· Bit “0” is expressed by a high to low transition, and bit “1” is expressed by a low to high transition, i.e. 0 is mapping to “10”, 1 is mapping to “01” (IEEE 802.3, IEEE 802.4);
We think either one is fine.
For the mapping from bits to PIE, according to [2], the mapping can be,
· [bookmark: OLE_LINK10]Bit “0” is mapping to “10”, Bit “1” is mapping to “1110”.
[bookmark: OLE_LINK7]And then the line coded bit stream can be modulated by OOK-1 or OOK-4 to form OOK waveform.
Proposal 9: For R2D link, the mapping from bits to Manchester code can be one of the following,
· 0 is mapping to “01”, 1 is mapping to “10”
· 0 is mapping to “10”, 1 is mapping to “01”
Proposal 10: For R2D link, the mapping from bits to PIE code can be, 
· Bit “0” is mapping to “10”, Bit “1” is mapping to “1110”
2) D2R link
Some initial comparison among Manchester, Miller and FM0 code are shown in Figure.2. It can be seen that Manchester has best decoding performance, while Miller code requires ~2dB higher SNR.  
Table.2 Similation parameters for different line code
	Parameter
	Assumptions

	Data rate
	15 kbps

	Modulation
	OOK

	Packet size
	16bit + 8bit CRC

	Channel model
	AWGN

	Filter configuration
	3rd Butterworth with 10MHz bandwidth

	ADC
	Ideal quantization, 960kHz sampling rare

	Coding
	Manchester, Miller, FM0



[image: ]
Figure. 2 Comparison of different Line code scheme
However, Miller code has narrow spectrum bandwidth, when baseband filter is used in Reader to filter out backscattered data, less noise will be involved, the performance can be improved compared to Manchester, more study is needed. So ,we propose Manchester, Miller code and FM0 which are used by RFID can also be considered for uplink Line code.
[image: ]
Observation 3: Manchester code can provide ~2dB better decoding performance than Miller code for AWGN channel at the price with a wider spectrum occupation. 
Proposal 11: For D2R link, Manchester, Miller code and FM0 can be studied.
 
· Bit repetition
Bit repetition is one alternative to improve reliability, for example, with 3 times repetition, “1” is repeated to “111”, and “0” is repeated to “000”. The repeated bit stream is modulated with OOK and transmitted to the tag for downlink or to the gNB/UE for uplink. Figure.3 provide different repetition schemes when combining with line code, and (b) is similar as transmission with long chip duration. 
Since envelope detection is used for downlink reception, combination may not provide expected gain for the reception, and it is also possible that the bottle neck of downlink coverage is not data decoding, so further study and evaluation is needed. 
For uplink transmission, the smart receiver can make use of the repetition to improve performance, it can be supported. 
Observation 4: Bit repetition is a simple way to improve D2R link performance, while further study may be needed for R2D link.
[image: ]
Figure 3. Bit repetition for A-IOT
Proposal 12: Bit repetition can be considered at least for D2R backscattering link.
· FEC
1) [bookmark: OLE_LINK8]R2D link
According the agreement, R2D with no forward error-correction code (FEC) is studied as baseline. Since the tag can not perform complex decoding due to its ultra low power consumption and low complexity, we propose FEC is not supported for R2D link. 
Proposal 13: FEC is not supported for A-IOT R2D link.
2) D2R link
For uplink, the choice of FEC code shall take encoding complexity into consideration. A convolutional encoder consists of k m-stage shift registers containing information symbols and circuits that perform some linear function to generate the codeword n, resulting in a coder (n,k,m), so the complexity can be acceptable if keeping n,k,m small values. 
In Figure.4, some initial comparison is made comparing convolutional code with Miller code, detail parameters can be seen in Table.3. Since the chip rate is assumed to same, one information bit will mapped to 2 bits for CC 1/2, to 4/8/16 bits for Miller with M=2, 4, 8 respectively. Which means the time duration for Miller M=2/4/8 is longer than CC code. It can be seen that even with long time duration, the SNR requirement for Miller M=2 is ~ 4dB higher than CC code with code rate 1/2.
Table.3 LLS parameter for comparison of CC and Miller code
	Parameters
	Assumption

	Frame length
	16bit (no CRC for this evaluation)

	Coding schemes
	Miller 2/4/8 , 1/2 code rate CC code with m=3

	Modulation
	2ASK(OOK), BPSK

	Channel
	AWGN

	Chip rate assumption
	Same OOK chip rate for different coding schemes



[image: 卷积码对比Miller]
Figure. 4 Initial performance comparison for CC and Miller
Observation 5: Convolutional Code can provide much better performance than Miller code.
And Tail-biting Convolutional Code has been widely used for LTE, with higher efficiency than convolutional code, but the decoding delay and complexity also increases from reader side. Based on abvove, convolutional code and Tail-biting Convolutional Code can be considered for simple FEC.  
Proposal 14: Convolutional Code an be studied for A-IOT D2R link.

How to use these coding schemes are summarized in the following table. When FEC is applied for uplink, how to maintain the synchronization from receiver (i.e., reader) side should be considered, unless both FEC and line code is applied. Another alternative is to insert preamble or midamble into the uplink data transmission for synchronization maintenance. Further studies is needed to compare these alternatives. Table 2 is a list of the schemes for consideration.
Table 2. Coding schemes for A-IOT D2R link
	[bookmark: OLE_LINK12]coding schemes
	Note

	alt.1
	Line code, Manchester/Miller code/FM0
	Repetition can also be considered

	alt.2a
	[bookmark: OLE_LINK11] (Tail-biting)convolutional code+Line code
	Both FEC and line code is used

	alt.2b
	(Tail-biting)convolutional code
	Preamble or midamble are inserted for data transmission



Proposal 15: The following coding scheme combinations can be considered for Ambient IoT D2R link,
	coding schemes
	Note

	alt.1
	Line code: Manchester/Miller code/FM0
	Repetition can also be considered

	alt.2
	 FEC: (Tail-biting)convolutional code + Line code
	Both FEC and line code is used

	alt.3
	FEC:(Tail-biting)convolutional code
	Preamble or midamble are inserted for data transmission


· CRC
The CRC used for mandatory Interrogator commands and replies[2] are summarized in the following table. It can be seen that the CRC length is not only related to message size, for example, Query commands has 17 bits except CRC, and CRC 5 is added, while for delayed successfully reply, CRC 16 is used for the same 17 bit information. And there are also some commands have no CRC (highlighted in gray in the table), even for ACK whose length is 18.
So the CRC design of A-IOT should also consider the command and reply function. For example, for QueryRep like command, which is used for devices to find a slot boundary and decrease its slot counter, even if a device detect a false QueryRep, it just decreases the slot counter by one, and only the devices happen to got a zero slot counter and detect a false QueryRep will response, and Reader will not response since no QueryRep is sent. The problem caused by false alarms is not serious. So both with and without CRC can be considered.
The CRC design should also consider overhead. The QueryRep command will be send repeatedly and payload is small to reduce overhead, adding CRC will waste network resources. 
The CRC length is related to the error detection rate, a longer CRC means the higher error detection rate. We propose to consider a short length CRC and a long length CRC to balance the error detection rate and overhead. For the short CRC, length 6 can be considered, and for the long CRC, length 16 can be considered, both supported in NR.
Table.3 Interrogator commands and replies[2] and CRC
	
	Commands
	Length
	CRC
	Reply length
	CRC

	Select commands
	select
	>44 (including CRC16)
	16
	/
	/

	Inventory commands
	Query
	[bookmark: OLE_LINK13]22(including CRC5)
	5
	RN16
	0

	
	QueryAjust
	9
	0
	RN16
	0

	
	QueryRep
	4
	0
	RN16
	0

	
	ACK
	18
	0
	21~33328
	0 or 16

	
	NAK
	8
	0
	/
	/

	Access commands
	Req_RN
	40(including CRC16)
	16
	RN16+CRC16
	16

	
	Read
	>57 (including CRC16)
	16
	1+variable+handle16+CRC16
	16

	
	Write
	>58 (including CRC16)
	16
	Delayed Reply:
1):Successfully reply:33 (including CRC16)
2):Error reply:41 (including CRC16)
	16

	
	Kill
	[bookmark: OLE_LINK14]59 (including CRC16)
	16
	handle16+CRC16
	16

	
	LOCK
	60 (including CRC16)
	16
	Delayed Reply
1):Successfully reply:33 (including CRC16)
2):Error reply:41 (including CRC16)
	16



[bookmark: OLE_LINK18]Proposal 16: The design of CRC should consider the command or reply function, the overhead and the error detection performance.
Proposal 17: Both with and without CRC transmission can be considered. When CRC is used, a short length with CRC 6 can be considered, and a long length with CRC 16 can be considered.	
2.4. Bandwidth
The transmission bandwidth of A-IOT design should considering the following aspects,
· The transmission bandwidth should be narrow enough to support a ultra-low complexity A-IOT device;
· The bandwidth should be an integer number of PRBs or subcarriers, so that it can coexist with NR system.
· The bandwidth needs to meet the data rate requirements. As stated in the TR, the user experienced data rate target is, for the uplink and downlink, maximum not less than 5 kbps, and minimum not less than 0.1 kbps;
1) R2D link
According to the agreements, at least transmission bandwidth Btx,R2D from a Reader perspective and occupied bandwidth, Bocc,R2D from a Reader perspective is defined.
For the transmission bandwidth, one RB with SCS=15KHz, 12 subcarriers can be considered as baseline, i.e. 180KHz bandwidth, similar to NB-IOT, and it can also satisfy the required data rate. Multiple PRBs can also be considered when high data rate is required, with OOK-4 and M be a larger interger than e.g.12 to generate smaller chip duration. 
Observation 6: Multiple RBs are useful for high data rate waveform generation or for providing frequency diversity.
Proposal 18: One RB, e.g.180KHz or multiple RBs transmission bandwidth can be studied for R2D transmission.
For the occupied bandwidth, it is from the Reader perspective, including guard RBs or guard subcarriers, so that the interference between A-IoT and NR can be acceptable. The coexistence issue and the amount of guard band is up to RAN4.
And system bandwidth from a Reader perspective and device perspective can also be defined to reflect the bandwidth that make safe isolation between two A-IoT Readers, which is related to the RF filter bandwidth. And this can also up to RAN4.
Proposal 19 : The occupied bandwidth includes transmission bandwidth and guard subcarriers or guard RBs, details value of the guard part is up to RAN4.
Proposal 20: System bandwidth for R2D can be defined from a Reader perspective and device perspective for the purpose of study: the frequency resource that are confined within the device’s RF filter, details is up to RAN4.
2) D2R link
For uplink, we think the at least the following bandwidth can be defined,
· [bookmark: OLE_LINK16]Transmission bandwidth, Btx,D2R from a device perspective: it is related to data rate, since the experienced data rate can be in a range of 0.1kbps to no smaller than 5kbps, the data rate can be even high since the experienced data rate usually considers multi-device scheduling in Reader side. It is better to quantize the bandwidth to integer number of subcarriers. So we propose at least support single PRB bandwidth, multiple PRBs for higher data rate can also be considered to provide competitiveness to RFID system, which can support BLF up to 640KHz. And sub PRB can also be studied. 
· System bandwidth, from Reader perspective: this is the bandwidth that Reader reserved for A-IOT devices, among which multiple devices can be FDMed, it also includes the necessary guard band for coexistence with NR system. And the definition is up to RAN4.
For occupied bandwidth, the intention may include the frequency offset due to large SFO or CFO, or some additional guard band for inter-device FDM. To our understanding, the gNB will control the frequency separation between FDMed devices, and the candidate frequency resources can be indicated to device, so whether definition of occupied bandwidth is needed can be further studied.
[bookmark: OLE_LINK15]Proposal 21 : The following bandwidth is defined for D2R link,
· Transmission bandwidth, Btx,D2R from a device perspective: The frequency resources used for transmitting D2R.
· System bandwidth, Bsys,D2R from Reader perspective: The frequency resources reserved for A-IoT system, FDMed transmission of multiple devices can be within it.
· FFS Occupied bandwidth, Bocc,D2R from a device perspective: The frequency resources used for transmitting D2R, and potential guard band

Proposal 22: For R2D transmission, at least support transmission bandwidth of single PRB, e.g.180KHz, multiple PRBs or sub PRBs with integer 15KHz can also be considered.

2.5. Multiple access 
For slotted ALOHA scheme, different tags can use different time slots for communicating with the reader (i.e., TDMA is used for tags) as shown in Figure.5. Different devices use different inventory slots for communication with Reader. Such slotted-ALOHA mechanism is simple for 1uW device to work and efficient from literature. Therefore, TDMA is used as the basic multiple access scheme, which means different devices access to the gNB or intermediate UE in a TDM way, e.g in different inventory slots.  
[image: ]
Figure.5 TDM transmission for tags
Proposal 23: For A-IOT, TDMA is supported as the basic multiple access scheme.
RFID does not consider multiple access schemes other than TDMA, when more than one devices happen to response in the same slot, collision will result in inventory failure for this slot. But for A-IoT, the coverage is supposed to be larger than RFID, therefore more devices will be inventoried by the same reader. For some inventory scenarios, such as for inventory of goods entering or leaving the warehouse, there can be hundreds or even thousands tags need to be inventoried in a short time. So multiple access schemes that allow simultaneous responses should be supported, to improve the inventory efficiency and reduce inventory latency.
1) R2D link
For downlink, all the tags can receive the same broadcast or muti-cast inventory command, there is no need for multiple access enhancement between downlink commands from the same Reader. 
2) D2R link
For uplink, if multiple tags can response gNB or intermediate UE in the same inventory slot, conflicting rate will be largely reduced, and the inventory efficiency will be improved. Considering that the tag to gNB or intermediate UE link (uplink for simple) transmission will include contention resolution stage(RN16 data) and data transmission stage(e.g. EPC). These two stages can be separately discussed.
· Contention resolution stage
Within each inventory slot, the tags can further response in sub-slots, i.e. TDMA, and this will require the tags to do sub-slot time maintaining. When TDMA is used within inventory slot, the collision rate will be reduced, and smaller Q value can be used, then the overhead and transmission latency caused by QueryRep can be reduced. An example is shown in figure.6, where different tags can use non-overlapped sub-slots for transmitting uplink data to Reader. For three tags TDM within each inventory slot for replying, only one QueryRep is needed.
[image: ]
Figure.6 TDM within each inventory slot
And if some baseband or RF frequency shifter can be implemented at the tag and gNB/UE can filter out different tags’ uplink data, then FDM can be considered. By checking the spectrum of Miller modulated subcarrier, it can be seen that with different values of the number subcarrier cycle per bit, i.e. M, and different BLFs, the spectrum can be separated. So different tags can use different M values/BLF to response, the Reader filters out data of different tags for demodulation.
So FDM can at be supported.
[image: ]
Figure. 5 Spectrum of Miller modulated subcarrier with different M value and BLF
And even CDM(different preambles share same time and frequency resources are chosen by devices for contention based RACH) or NOMA(data transmission overlapped in time/frequency/code/...) can be further studied.
· Data transmission stage 
Above multiple access scheme can also be applied to data transmission stage. Usually, the data block size is larger than the contention resolution part, then TDM scheme will require the tag to maintain a longer time maintaining than contention resolution stage. And FDM, CDM or NOMA may also have a risk to reduce the uplink transmission efficiency since multiplexing different tags’s data may require a higher SINR requirement for decoding due to some non-ideal orthogonality, then as long as one bit in the larger TBS size is miss detected, the whole TB will be meaningless, since no HARQ is supported. Therefore, for data transmission stage, evaluation may be needed to decide whether multiplexing can improve the efficiency. It should also consider proper metrics to evaluate, such as Inventory completion time as shown in [3].
Proposal 24: TDMA is supported as the basic multiple access scheme for A-IOT D2R link.
Proposal 25: FDMA can be considered for D2R multiple access to improve inventory efficiency within each inventory slot for both Contention resolution and Data transmission stage, FFS CDMA and NOMA.

3. Conclusion 
In this contribution, we give our consideration on A-IOT physical layer design, and the following proposals and observations are made:
Proposal 1: SCS of 15KHz is supported for A-IoT R2D transmission.
Observation 1: OOK-4 is needed in order to support higher peak data rate and provide comparable data rate to other passive IoT systems.
Proposal 2: Both OOK-1 and OOK-4 are supported for A-IOT downlink waveform, whether OOK-1 or OOK-4 is used depending on the downlink data rate.
Proposal 3: When devices cannot correctly remove CP, the decoding issue caused by CP needs to be addressed. for example, the last OOK chip is postponed to the next OFDM symbol.
Observation 2: M up to M=24 is needed to provide sufficient downlink data rate.
Proposal 4: Support variable M values for OOK-4.
Proposal 5: Candidate values of M should support data rate requirement in TR38.848 and the competitiveness to other IoT techniques.
Proposal 6: For OOK modulation, chip duration is defined as the the duration of one OOK on or off bit duration.
Proposal 7: OOK modulation is considered as baseline for Ambient-IoT device-to-reader link.
Proposal 8: PSK modulation can be further studied for Ambient-IoT device-to-reader uplink.
Proposal 9: For R2D link, the mapping from bits to Manchester code can be one of the following,
· 0 is mapping to “01”, 1 is mapping to “10”
· 0 is mapping to “10”, 1 is mapping to “01”
Proposal 10: For R2D link, the mapping from bits to PIE code can be, 
· Bit “0” is mapping to “10”, Bit “1” is mapping to “1110”
Observation 3: Manchester code can provide ~2dB better decoding performance than Miller code for AWGN channel at the price with a wider spectrum occupation. 
Proposal 11: For D2R link, Manchester, Miller code and FM0 can be studied.
Observation 4: Bit repetition is a simple way to improve D2R link performance, while further study may be needed for R2D link.
Proposal 12: Bit repetition can be considered at least for D2R backscattering link.
Proposal 13: FEC is not supported for A-IOT R2D link.
Observation 5: Convolutional Code can provide much better performance than Miller code. 
Proposal 14: Convolutional Code an be studied for A-IOT D2R link.
Proposal 15: The following coding scheme combinations can be considered for Ambient IoT D2R link,
	coding schemes
	Note

	alt.1
	Line code: Manchester/Miller code/FM0
	Repetition can also be considered

	alt.2
	 FEC: (Tail-biting)convolutional code + Line code
	Both FEC and line code is used

	alt.3
	FEC:(Tail-biting)convolutional code
	Preamble or midamble are inserted for data transmission


Proposal 16: The design of CRC should consider the command or reply function, the overhead and the error detection performance.
Proposal 17: Both with and without CRC transmission can be considered. When CRC is used, a short length with CRC 6 can be considered, and a long length with CRC 16 can be considered.
Observation 6: Multiple RBs are useful for high data rate waveform generation or for providing frequency diversity.
Proposal 18: One RB, e.g.180KHz or multiple RBs transmission bandwidth can be studied for R2D transmission.
Proposal 19 : The occupied bandwidth includes transmission bandwidth and guard subcarriers or guard RBs, details value of the guard part is up to RAN4.
Proposal 20: System bandwidth for R2D can be defined from a Reader perspective and device perspective for the purpose of study: the frequency resource that are confined within the device’s RF filter, details is up to RAN4.
Proposal 21 : The following bandwidth is defined for D2R link,
· Transmission bandwidth, Btx,D2R from a device perspective: The frequency resources used for transmitting D2R.
· System bandwidth, Bsys,D2R from Reader perspective: The frequency resources reserved for A-IoT system, FDMed transmission of multiple devices can be within it.
· FFS Occupied bandwidth, Bocc,D2R from a device perspective: The frequency resources used for transmitting D2R, and potential guard band
Proposal 22: For R2D transmission, at least support transmission bandwidth of single PRB, e.g.180KHz, multiple PRBs or sub PRBs with integer 15KHz can also be considered.
Proposal 23: For A-IOT, TDMA is supported as the basic multiple access scheme.
Proposal 24: TDMA is supported as the basic multiple access scheme for A-IOT D2R link.
Proposal 25: FDMA can be considered for D2R multiple access to improve inventory efficiency within each inventory slot for both Contention resolution and Data transmission stage, FFS CDMA and NOMA.
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