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1. Background
In this contribution, we provide our views on general aspects of A-IoT physical layer design.

2. Physical layer design for R2D link
2.1	Scrambling and repetition for R2D information bits
Following was agreed at RAN1#116bis meeting:
	Agreement
For PRDCH generation at the reader, at least following blocks are studied as the baseline:
· CRC bits are appended if there is non-zero length CRC
· Note: CRC details discussed in agenda item 9.4.2.1
· Line coding block 
· OOK-1/OOK-4 modulation with OFDM waveform generation, including resource mapping 
· FFS details
· Note: Other blocks could be added if agreed
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PRDCH generation



In NR/LTE, the data bits after channel encoding are scrambled with a pseudo random sequence, which is based on cell ID and/or RNTI for identification/interference randomization. For A-IoT, R2D transmission with repetitions may be needed to improve the link budget. The information bits of the signal can theoretically be same with other interfering signal which may lead to failure of decoding at the receiver end. This scrambling adds extra randomness to the information bits which provides the gain by suppressing the interference. In NR/LTE, the scrambling is different and unique for each channel and each cell, by using different initialization seed, c_init, where the c_init is a function of cell ID and UE RNTI for identification. It may also change by time for interference randomization.

In RFID, the coverage is very limited and the scrambling for interference randomization may not be essential. However, A-IoT communications have larger coverage and the readers in dense scenarios may have overlapping coverage, especially to separate the tx/rx from/to BS/reader in Topology 1 and UE/reader in Topology 2. It may be more important to consider scrambling of the control/data for identification and interference randomization. 

Therefore, we think the repetition and scrambling block can be added between the CRC attachment and line code block, as illustrated in Fig. 1.
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Fig. 1	PRDCH generation

Proposal 1:
· For R2D data mapping to PRDCH, the processing structure includes repetition and scrambling after CRC and before line code.

2.2	Channel coding
At the RAN1#116 meeting, following agreement was achieved.
	Agreement
Regarding FEC, R2D with no forward error-correction code (FEC) is studied as baseline.
· Evaluations would be by comparison to this baseline



Channel coding (FEC) is very effective to improve the performance as demonstrated in Fig. 2. Here, Manchester coding with OOK modulation in AWGN channel is assumed. All the curves are with FEC coding rate of 1/2 (total coding rate is 1/4 due to Manchester coding). It is clear that even simple block code (e.g., Golay, RM) with hard decisions can significantly reduce the required SNR for achieving a target BLER e.g., 1%. Polar with soft decoder offers much improvement. For device 2, soft decisions might be supported with multi-bit ADC and, thus, low-complex FEC codes whose performances can be improved with soft decisions cloud also be considered. Of course, in reality, there would be some constraints even for device 2 such as computational complexity, processing time, available memory for decoding, etc, and hence the FEC decoder must be as simple as possible. It would be worthwhile to study feasibility/applicability and performance benefit of channel coding for device 2.
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Fig. 2	BLER performances with different FECs for Manchester-encoded OOK in AWGN channel.

Table 1.		Simulation assumptions
	
	Configurations
	Notes

	Information block length
	64 bits
	BLER is computed per information block.
(Each information block is segmented for FEC coding.)

	Modulation
	OOK
	

	Receiver
	1-bit ADC for hard decisions
4-bit ADC for soft decisions
	1 MHz sampling rate and 125 ksps symbol rate

	Manchester
	k=1, n=2
	Decoder first averages over sampled hard decisions per OOK symbol, then compares left-side and right-side power per Manchester symbol to decode (i.e., based on relative power).

	Repetition
	k=1, n=2
	Each OOK symbol is repeated twice.

	Golay
	k=12, n=24
	

	Reed Muller (RM)
	k=16, n=32 (i.e., r=2, m=5)
	Decoder: Reed's majority-logic algorithm. 

	Polar
	NR DL Polar (n = 128)
	Decoder: Successive cancellation (SC) algorithm, i.e., L=1.



Proposal 2:
· Study feasibility and performance benefits of channel coding (FEC) for R2D for device 2

2.3	Line coding
At the RAN1#116 meeting, following agreement was achieved.
	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.



For UHF RFID, pulse interval encoding (PIE) is used as the line coding, wherein data-0 is modulated by a symbol with shorter on-duration and data-1 is modulated by a symbol with longer on-duration. The UHF RFID device identifies a threshold of on-duration length using the R2D preamble associated with the PIE encoded payload and used for decoding. 
[image: ]
Fig. 3	PIE symbols

For A-IoT R2D, Manchester coding would be a better choice than PIE due to the following reasons:
· With PIE, data payload duration is dependent not only on the number of bits/symbols, but also the numbers of ‘0s’ and ‘1s’. For example, suppose the case where a symbol for bit-0 has 50us duration and a symbol for bit-1 has 100us. This achieves FL data rate of 30kbps (30 bits per 1ms) on average. However, the number of bits per 1ms varies within the range of [20, 40] depending on the number of ‘0s’ and ‘1s’. For A-IoT in-band deployment scenario, a reader (BS or UE) needs to carry out Uu communication and A-IoT communication in TDM/FDM manner. This nature of PIE makes reader’s A-IoT resource management difficult.
· If a reader wants to reuse CP-OFDM transmitter for R2D waveform generation, this is more serious. The reader must fit an integer number of PIE symbols in each CP-OFDM symbol taking into account the numbers of ‘0s’ and ‘1s’.
· The decoder for Manchester coding doesn’t need a hard threshold, i.e., the decoder can compare left- and right-side envelopes per Manchester symbol to determine whether it is ‘0’ or ‘1’. Even with hard decisions, this way works by comparing averaged values of over-sampled hard decisions on the left- and the right-side.
· An A-IoT device implementation choice may be to share an antenna for energy harvesting and communication in time-switching manner. With this, the A-IoT device does not harvest energy from the R2D RF during R2D reception. In other words, the advantage of PIE compared to the other line coding would not be effective for such device. 

Proposal 3:
· For R2D line coding, select Manchester coding as the baseline

2.4	OOK-1/4 generation
For R2D OOK-1/4 generation, following agreements were achieved.
	Agreement
A-IoT DL study includes an OFDM-based waveform from A-IoT R2D (reader-to-device) perspective. 
· Depending on what modulation(s) are decided to be studied:
· Study whether/how to handle CP at transmitter/device/design 
· Study other characteristics of the OFDM waveform, e.g.:
· CP-OFDM
· DFT-s-OFDM
· Etc.
· The type of OFDM waveform is transparent to A-IoT device.
Other waveforms from DL transmitter’s perspective can be proposed, and further discussion will consider whether or not they are included in the study.

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

Agreement
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.



In the agreement, the value(s) of M is FFS. For A-IoT R2D, it is good to achieve similar data rate as UHF RFID R2D. Assuming Manchester coding and OOK-4 with SCS 15kHz, M = 1, 2, 4, 8, and 16 achieves 7, 14, 28, 56, and 112kbps respectively. Considering the maximum data rate achievable in UHF RFID R2D transmission is up to around 107kbps, the study of A-IoT should consider M at least up to around 16 for SCS 15kHz. 

Proposal 4:
· For R2D transmission with OFDM waveform, consider OOK-1 and OOK-4 with M at least up to around 16 for SCS 15kHz

Regarding CP handling, following agreement was achieved at RAN1#116bis:
	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



Method Type 1: Removal of CP at device without specified transmit-side
With this option, A-IoT device acquires CP location and samples and removes them from the received R2D signal. For example, if an A-IoT device uses 1.92MHz clock, the number of samples for an OFDM symbol with SCS 15kHz (before CP insertion) is 128, and the number of samples for the CP is 10 (for OFDM symbol #0 and #7) or 9 (for other OFDM symbols). The actual numbers of samples depend on the local clock with a certain clock error. Method Type 1 is enabled by reader’s instruction of CP location and samples. For example, clock acquisition part of R2D timing acquisition signal can be designed such that (1) it does not have extra rising/falling edges due to CP insertion, and (2) it ends at the end of an OFDM symbol, as illustrated in Fig. 4. Based on such clock acquisition part, the device derives the numbers of clock samples corresponding to the OFDM symbol duration and the CP duration respectively and also acquires the start of an OFDM symbol. 

[image: ]
Fig. 4	Example waveform of Method Type 1

As observed in the CP location of the third OFDM symbol in Fig. 4, rising/falling edges are created by CP insertion in the R2D physical channel. Also seen from the CP location of the fourth OFDM symbol in Fig. 4, OOK chip length would be observed as longer due to CP insertion if the first and the last OOK chips of an OFDM symbol and the last OOK chip of the previous OFDM symbol has the same state (ON or OFF). If OOK-4 with M = 16 where an OOK chip duration is 8 samples is enabled, CP duration is longer than an OOK chip and hence CP insertion creates a full OOK chip. A-IoT device should be implemented such that all these do not impact on R2D reception and D2R transmission.

Another open issue is handling the case where A-IoT is standalone. A-IoT device would have no idea on whether the deployment is stand-alone or OFDM-based. Therefore, reader would need to insert CP, even in A-IoT standalone operation where OFDM transmitter is not used. Or alternatively, reader should be able to inform whether CP is inserted or not before A-IoT device has to discard CP location/samples; then the device should be able to acquire the information and discard or ignore CP location/samples.

Observation 1:
· For CP handling Method Type 1:
· A certain R2D signal (e.g., clock acquisition part of R2D preamble) should be used for A-IoT device to acquire CP location/duration with the presence of clock error
· CP handling in standalone deployment needs further consideration:
· Opt.1: CP is inserted even in standalone deployment
· Opt.2: Reader informs to A-IoT device whether or not CP location/samples have to be discarded

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.
A-IoT R2D waveform generation can be designed such that CP is handled by the waveform design. For example, suppose Manchester coding is used to modulate bit-1 as [0 1] and bit-0 as [1 0]. For bit-1, add bit-0 as a parity bit which results in OOK chips [1 0] after the [0 1], to generate the OOK sequence [0 1 1 0]. For bit-0, add bit-1 as a parity bit results in OOK chips [0 1] after the [1 0], to generate the OOK sequence [1 0 0 1]. Then shorten the first OOK chip of each 4 OOK chips. The length of shortening of the first OOK chip per information bit is for uniform OOK length after CP insertion. The resulting OOK chips for bit-1 and bit-0 can be seen in Fig. 5 (OOK-4 with M = 4).
[image: ]
Fig. 5	OOK sequence before CP addition for Method Type 2

After CP addition (copy last part of the OFDM symbol to the beginning of the OFDM symbol as regular NR using CP-OFDM transmitter), the waveform becomes uniform OOK chips over OFDM + CP durations. Note that this option can be viewed as a variant of line coding that makes sure that the first OOK chip and the last OOK chip of an OFDM symbol have the same OOK state with equal OOK length after CP addition. 

This example waveform generation of Method Type 2 enables uniform OOK chip length from clock acquisition part and during R2D physical channel, as an example of OOK-4 with M = 4 being illustrated in Fig. 6. This would ease A-IoT device implementation for OOK edge detection, clock recovery/maintenance, etc. However, this option increases overhead or necessary R2D bandwidth due to the insertion of parity bit (or increases rising/falling edge) in an OFDM symbol.
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Fig. 6	OOK sequence after CP addition for Method Type 2 with parity bit

This option can also work for OOK-4 with M larger than 4. In this case, parity bit should be inserted in each OFDM symbol. The parity bit in an OFDM symbol is a reverse of the first bit of the same OFDM symbol. For example, if Manchester coding is used and if the first bit of an OFDM symbol is 1, the OOK chips after Manchester encoding is [0 1]. Then the last bit of the OFDM symbol is the parity bit, which is 0 = OOK [1 0] as illustrated in Fig. 7. Similar to OOK-4 with M = 4 in Fig. 5, the first OOK chip should shortened such that OOK chip length is uniform after CP insertion. 
[image: ]
Fig. 7	Parity bit insertion for OOK-4 with M larger than 4

This option requires an A-IoT device to acquire parity bit location. Similar to Method Type 1, this can be indicated by e.g., clock acquisition part. For example, an A-IoT device measures OOK chip length of clock acquisition part and identifies parity bit insertion rate from the OOK chip duration. For example, OOK-4 with M = 4 has one parity bit per one information bit, OOK-4 with M = 8 has one parity bit per 3 information bits, so on. The location of the parity bit can be identified by the ending location of clock acquisition part. 

A drawback of this Method Type is the efficiency loss due to parity bit insertion. For example, OOK-4 with M = 4 can carry only 1 information bit per OFDM symbol (assuming Manchester coding). The amount of overhead depends on the value of M. Note that the parity bit for this option of Method Type 2 is a reversed repetition of an information bit in the same OFDM symbol and hence, is not really a waste of resource/energy. A-IoT device may make use of the parity bit to decode the R2D information depending on its implementation.

Observation 2:
· For CP handling Method Type 2:
· A parity bit insertion per OFDM symbol enables uniform OOK chips after CP insertion without rising/falling edges created by CP with the overhead/bandwidth increase

Other Method Type: handling CP by transmitter
Handling CP by transmitter should be a baseline option for A-IoT stand-alone deployment and should be a viable option for A-IoT in-band/guard-band deployments as long as regular NR signals/channels and A-IoT R2D transmission are TDMed. 

The straightforward option is to have separate transmitter chains for regular NR and for A-IoT R2D transmissions. Reader can generate regular CP-OFDM waveform for regular NR in the legacy way, and also generate an integer number of OOK for A-IoT R2D over the duration of CP + OFDM. The reader can make sure that the boundaries of NR CP-OFDM symbols and R2D OOK chips are aligned. 

If the use of OFDM-based transmitter is inevitable for A-IoT R2D, for A-IoT R2D OOK, the transmitter can copy the first part of each OFDM symbol and prepend it to the beginning of the OFDM symbol as illustrated in Fig. 8.
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Fig. 8	CP copied from the beginning of an OFDM symbol

Separate Tx chains for NR DL and A-IoT R2D may cause a loss of orthogonality between NR DL and A-IoT R2D in certain cases. Suppose an NR UE that receives NR DL using a legacy OFDM receiver. An A-IoT R2D transmitter transmits a number of OOK chips using the entire duration of CP + OFDM-symbol as shown in Fig. 9. If the propagation channel between the A-IoT R2D transmitter and the NR UE is frequency selective, the NR UE observes OOK waveform that does not have cyclic property in the IFFT window. With this, NR UE would not be able to orthogonalize A-IoT R2D after IFFT. If the NR UE has its own DL received signal in the IFFT output of the OFDM receiver, the A-IoT R2D may cause an interference.

[image: ]
Fig. 9	Impact from A-IoT R2D OOK without cyclic property to legacy NR UE

Figure 10 shows the interference caused by OOK waveform illustrated in Fig. 5. Here, A-IoT R2D is assumed to be transmitted on RE indexes 0 – 21 (almost 2 RBs bandwidth) and 0 – 141 (almost 12 RBs bandwidth) in the left and right figures, respectively. X-axis is the subcarrier index after 4096-point IFFT at NR UE. Y-axis is the ratio of interference power of A-IoT R2D / desired NR DL signal power for the NR UE. As seen from the figure, channel with delay spread causes a certain level of interference at REs nearby A-IoT R2D transmission. However, assuming small delay spread (30ns), the interference is not higher than -35dB in the evaluation cases. Note that in case delay spready = 0ns, there is no interference due to the A-IoT R2D without cyclic property.
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Fig. 10	Interference from A-IoT R2D with OOK without cyclic property

CP-OFDM transmitter/receiver could implement additional process to OFDM waveform generation such as WOLA [1] to reduce out-of band emissions. Since the process such as WOLA assumes traditional CP insertion (copy the end of an OFDM symbol and add it before the beginning of the OFDM symbol), the use of this may impact on the interference due to the A-IoT R2D without cyclic property. The interference in the presence of Tx/Rx WOLA is evaluated in Fig. 11. Unlike the cases in Fig. 10, the interference is observed even with delay spread = 0ns. The power of the interference is quire small over the entire bandwidth, but has higher level at REs nearby A-IoT R2D transmissions.

[image: A graph with different colored lines

Description automatically generated] [image: A graph of different colored lines

Description automatically generated]
(a) With Rx WOLA at NR UE, without Tx WOLA at A-IoT reader
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(b) With Rx WOLA at NR UE, with Tx WOLA at A-IoT reader
Fig. 11	Impact of WOLA

Following tables summarize required guard REs for achieving 20dB, 30dB, or 40dB suppression of the interference caused by A-IoT R2D due to loss of orthogonality. As observed, the interference caused by the loss of orthogonality is noy very strong. Nevertheless, this option may have impact on the discussion of co-existence between A-IoT and NR. 

Table 2.	Required guard REs for NR DL from A-IoT R2D on 0 – 21 RE indexes without cyclic property
	ICI
	Required guard REs for A-IoT with 22 REs 

	
	No Tx/Rx WOLA
	No Tx WOLA
Rx WOLA
	Tx WOLA
Rx WOLA

	
	0ns
	30ns
	100ns
	0ns
	30ns
	100ns
	0ns
	30ns
	100ns

	-20 dB
	0
	0
	0
	0
	0
	0
	0
	0
	0

	-30 dB
	0
	0
	0
	27
	41
	56
	27
	40
	55

	-40 dB
	0
	0
	192
	132
	138
	157
	123
	126
	124



Table 3.	Required guard REs for NR DL from A-IoT R2D on 0 – 141 RE indexes without cyclic property
	ICI
	Required guard REs for A-IoT with 142 REs 

	
	No Tx/Rx WOLA
	No Tx WOLA
Rx WOLA
	Tx WOLA
Rx WOLA

	
	0ns
	30ns
	100ns
	0ns
	30ns
	100ns
	0ns
	30ns
	100ns

	-20 dB
	0
	0
	0
	0
	0
	0
	0
	0
	0

	-30 dB
	0
	0
	39
	94
	96
	93
	84
	84
	84

	-40 dB
	0
	273
	577
	160
	376
	476
	130
	131
	132



Observation 3:
· As another CP handling Method Type, use of separate Tx chains can be a valid option
· However, loss of orthogonality would cause a certain interference to NR UEs and may have impact on co-existence discussion


2.5	Bandwidths
Following agreements were achieved.
	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

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))



Transmission bandwidth depends on the waveform and data/chip rate. Occupied bandwidth depends on transmission bandwidth, necessary guard band for A-IoT device. At this stage, it would be difficult to make a progress on exact values of Btx,R2D and BOCC,R2D. We suggest to discuss necessary R2D data rates for A-IoT and device architectures. 

Note that for evaluation purpose, it is possible to set one or a couple of reference bandwidths, e.g., 1 PRB and 6 PRBs. However, again, this does not mean the transmission bandwidths for A-IoT R2D should be narrowed down to these numbers.

Proposal 4:
· Discuss transmission bandwidth and occupied bandwidth once necessary R2D data rates and waveform for A-IoT and device architectures are clearer.
· No strong benefit to determine the maximum transmission bandwidth at this early stage of the study item
· For evaluation purpose, RAN1 can identify transmission bandwidths, e.g., 1 PRB and 6 PRBs

3. Physical layer design for D2R link
3.1	Channel coding
Following agreement was achieved at RAN1#116bis meeting:
	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 D2R transmission in the physical layer using repetition
· Note: Discussions regarding higher-layer repetitions are up to RAN2.



Figure 12 shows BLER performances of BPSK backscatter and square wave-based BPSK data modulation with (1) convolutional code (R=1/2) and (2) repetition code (R=1/2) in AWGN channel and in TDL-A channel, respectively. The parameters for CC can be found in Table 4. Code block length of 128 bits is assumed. Ideal channel estimation is assumed. For simplicity in the comparison, no interleaver adopted for both cases. The figure demonstrates that CC has a substantial coding gain of 5.5 dB at BLER 1%.
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(a) In AWGN
[image: ]
(b) In TDL-A channel
Fig. 12 BLER performances of PSK square wave modulation with CC and with repetition

Observation 4:
· For square wave-based BPSK data modulation, CC offers 5.5 dB gains over repetition for achieving BLER 1% under AWGN channel and TDL-A channel, respectively.

Convolutional coding has been adopted since 3G in 3GPP. For 3G, CC with its rate R=1/2 and constraint length K=9 was used. For LTE, CC with its rate R=1/3 with constraint length K=7 has been used instead. Between these two CC schemes, the one adopted in LTE offers better performance under the same Eb/N0 with lower receiver complexity. In general, lowering code rate can compensate for the loss due to the smaller constraint length.

For A-IoT, constraint length impacts on the number of required resisters for D2R encoder. Smaller constraint length requires smaller number of registers, which could contribute to complexity/cost reduction. On the other hand, larger constraint length may achieve better performance with higher code rate. Figure 13 shows BLER performances of rate R=1/4 CC encoded 128 information bit block with constraint lengths of K=5, 6, and 7 in AWGN channel. Different curves with the same color shows BLER performances with different polynomials with the same rate and constraint length. For example, for R=1/4 CC with K=7, different curves correspond to different options for an additional polynomial element added to the polynomial [133 171 165] for R=1/3 CC in LTE. As a reference, BLER performance of rate R=1/3 CC with K=7, which is the LTE CC, is also plotted. The results indicate that rate R=1/4 CC with K=6 offers only slightly worse BLER than the LTE CC. For R=1/4 CC with K=7, although the complexity (i.e., constraint length) is same to LTE CC, a slight coding gain can be achieved. Tradeoff between coding complexity and gain could be further studied to determine the constraint length for R=1/4 CC.
[image: ]
Fig. 13	Comparison of convolutional coding with different polynomials and constraint lengths

Another component of convolutional coding that we should consider is interleaver. For A-IoT D2R encoder, it would be challenging to use full blown interleaver due to limited device memory. However, channel interleaver in general offers significant performance gain for channel coding. RAN1 should consider how/whether to use interleaver for D2R encoder of convolutional coding.

Proposal 5:
· Study low-complexity convolutional coding for A-IoT D2R
· Discuss if a smaller constraint length is beneficial for low-complexity/cost. If it is, consider following options:
· Opt.1: Smaller constraint length (e.g., K=6) than LTE (K=7) with lower code rate (e.g., R=1/4) for lowering complexity/cost
· Opt.2: Same constraint length with LTE (K=7) with lower code rate (e.g., R=1/4) for improved coding gains.
· Study whether/how to use interleaver

3.2	Scrambling
Similar to R2D data mapping to PRDCH, scrambling can be considered for the D2R data mapping to PDRCH after channel coding and before modulation. Whether the scrambling sequence is based on device ID and/or reader ID can be further studied. 

[image: ]
Fig. 14	PDRCH generation with scrambling

Proposal 6:
· For D2R data mapping to PDRCH, the processing structure includes scrambling after channel coding

3.3	Clarifications on line coding and modulation
At the RAN1#116bis meeting, following agreements were made:
	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
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

Agreement
For PDRCH generation at the device, at least following blocks are studied as the baseline:
· CRC bits are appended if there is non-zero length CRC
· Note: CRC details discussed in agenda item 9.4.2.1
· Coding 
· Exact coding methods within the coding block, e.g. with/without line coding and/or FEC discussed under agenda 9.4.2.1
· Note: If no line coding is used, there may be an additional block (e.g. square wave generator) before/after modulation block
· Modulation
· Note: Other blocks could be added if agreed  
 [image: ]
PDRCH generation



There is an ambiguity around “Coding” and “Modulation” for A-IoT D2R. We think it is good to align the understanding on “Coding” and “Modulation” first.

For UHF RFID, FM0/MMS have been adopted for D2R link. RFID device can implement either ASK (or OOK) or PSK for backscatter modulation (switching backscatter coefficients). In other words, UHF RFID does not have a baseband modulation such as OOK, 2FSK, and BPSK. Instead, UHF RFID device generates waveform for data using FM0/MMS.

Fig. 15 illustrates a diagram when FM0 is used. The device generates a data waveform by FM0 and modulate it by ASK (or OOK) or PSK for backscattering. When MMS is used, the device generates a data waveform using Miller coding basis and then multiplies it with a square wave with the frequency for frequency shift. The square wave frequency depends on the value of M. Taking M = 2 as an example, the data bit waveform generated by using Miller coding basis is multiplied with a square wave with its wavelength 1/2 compared to info bit length. As such, square wave generation and multiplication are carried out in UHF RFID.
[image: ]
(a) FM0 with backscatter modulation
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(b) MMS with backscatter modulation
Fig. 15	UHF RFID line coding and modulation

Observation 5:
· UHF RFID does not use “baseband modulation” such as OOK, binary PSK, and binary FSK
· Instead, data is carried by the waveform generated by FM0/MMS
· UHF RFID modulation of ASK/PSK is not for data modulation – it is for backscatter modulation
· MMS of UHF RFID is composed of Miller coding and square wave multiplication

For A-IoT D2R that uses square wave in baseband, i.e., for device 1/2a, square wave multiplication is necessary in baseband to enable small frequency shift. This needs to be done before backscatter modulation. Therefore, very simple approach without any optimization/enhancement is just to re-use FM0/MMS with OOK/PSK backscatter modulation from UHF RFID. 

The other way is not to use line coding to generate baseband waveform; instead, the data is modulated using amplitude, frequency, and/or phase of the square wave generated in the baseband. Figure 16 illustrates OOK/FSK/PSK modulations based on this approach. If we take a closer look at the block “data modulation using square wave”, this is quite similar to regular OOK/FSK/PSK data modulation using amplitude, frequency, and/or phase of a carrier wave in typical radio communication systems. The following block “backscatter modulation” gives {+1, 0} or {+1, -1} to the baseband waveform.
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Fig. 16 Square wave-based data modulation without line coding

For device 2b, there are two options on data modulation. The first option is to generate the baseband waveform in the same way as device 1/2a as presented in Fig. 15 or Fig. 16, and then the baseband waveform is upconverted into the carrier frequency by the mixer. At the reader, after down conversion of the received signal, the baseband waveform of device 2b looks identical to that of device 1/2a. For backscattered signals from device 1/2a, the reader can perform the same down conversion processing to obtain their baseband signals. The second option is to replace the “square wave” of Fig. 16 by a “internally generated carrier wave”, i.e., data are modulated directly by amplitudes, frequencies, and/or phases of the carrier wave with the RF carrier frequency. These two options result in different waveforms for the same D2R data. Fig. 17 illustrates example waveforms of the two options for the bit sequence “1 1 0”, taking BPSK as an example. 

[image: ]
Fig. 17	BPSK waveform examples of device 2b with different modulation options

Observation 6:
· For A-IoT D2R for device 1/2a that uses backscattering, data can be modulated by FM0/MMS with backscatter modulation in the same way as for UHF RFID

Observation 7:
· For A-IoT D2R, without line coding, data can be modulated by amplitudes, frequencies, and/or phases of the signal wave
· For device 1/2a, the signal wave is a square wave generated in the baseband with a certain frequency for frequency shift
· For device 2b, 
· Opt.1: the signal wave is the square wave generated in the baseband, same as for device 1/2a. The resulting baseband waveform is multiplied with the carrier wave that the device internally generates
· Opt.2: the signal wave is the carrier wave with the carrier frequency
· The data modulation can be any of OOK, 2FSK, MSK, and PSK data modulation

With the above understanding, we will discuss line coding, channel coding, and modulation, in the following subsections.

3.4	Line coding
As clarified in the Section 3.3, flexible frequency shift is not available in FM0 line coding. This is same for Manchester coding, which translates bit-0 and bit-1 into OOK chips [0 1] and [1 0]. Among the candidates, MMS and square wave-based data modulation are the only candidates that enable flexible frequency shift by using square waves. Figure 18 shows the spectrums of D2R transmissions with 15kbps and 120kbps data rates using the 4 options of D2R line coding/modulation. Here, BPSK backscatter modulation without FEC is assumed. As we observe in the first row of Fig. 18 (a) and (b), square wave-based data modulation and MMS both support flexible frequency shifts due to the square wave component, i.e., a frequency shift range equals to a frequency of square wave (240kHz frequency shift is applied in the figure). On the other hand, as seen in the second row of Fig. 18 (a) and (b), FM0 and Manchester cannot. Therefore, FM0 and Manchester coding may suffer from CW interference/leakage (if any) and may not be able to support FDMA for D2R.
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                        (a) Smaller data rate: 15 kbps                                      (b) Larger data rate: 120 kbps
Fig. 18  Spectrum comparison for square wave-based data modulation and line coding

The candidate line coding schemes allow readers to recover the timing/boundary based on the edge detection. Such self-clocking maybe considered as an advantage of D2R line coding. However, if a square wave-based data modulation is used, edges continuously occur with the frequency of the square wave. Therefore, there is no specific benefit of line coding over square wave-based data modulation.

FM0/MMS allow reader to perform non-coherent demodulation based on edge detection. With FM0, transient edge occurs at every boundary of information bits and at the middle of bit-0. With MMS, skip transient edge occurs at the middle of bit-1 and at the boundary of two consecutive bit-0. Therefore, receiver can recover the transmitted information sorely based on when/whether edges are detected. It is even not necessary to know whether the edge is rising or falling. However, demodulation performance with solely relying on edge detection is in general pretty worse. For A-IoT where target operating SNR is lower compared to that of UHF RFID, better receiving methods should be targeted. Such receiving methods include correlation-based non-coherent receiver, channel estimation-based coherent receiver, etc. For those receiving methods, line coding would not help. 

To see the performance impact of using line coding for D2R, we evaluated BLER performances of (1) FM0, (2) MMS (M=2), and (3) square wave-based data modulation schemes as a function of Eb/N0 in Fig. 19 and Fig. 20 without and with convolutional coding (rate R=1/2), respectively. Independent TDL-A channels are assumed for reader-to-device (for unmodulated single-tone CW transmission) and for device-to-reader (for backscattered D2R). D2R data rate of 120 kbps and 60 kbps are assumed for the cases without FEC and with rate 1/2 CC, respectively. The frequency of square waves in the square wave data modulation is 240 kHz, which provides a frequency shift of 240 kHz as labeled in figure titles. MMS achieves the same frequency shift due to the same square wave component is adopted. Information bit block size of 128 bits is assumed. Backscatter modulation adopts BPSK (i.e., mapping high/low levels in modulated square waves or line codes to +1/-1 symbols) for all cases. No CW interference/leakage is considered. For coherent demodulation, the reader first obtains channel/phase information and use it to demodulate data from the D2R received signal. Here we assume ideal channel estimation for coherent demodulation of all the cases. For non-coherent demodulation, the reader computes cross-correlations between the received signal and the templates of the transmitted signal candidates and determines the transmitted signal based on the correlations without channel estimation. 

As observed in Fig. 15, without CC, FM0 with coherent receiver does not offer BLER performance benefit than square wave-based BPSK data modulation. MMS with coherent receiver requires 2-3dB higher Eb/N0 to achieve BLER = 1% compared to square-wave based BPSK data modulation. From this, it can be said that for coherent receiver, there is no performance benefit of FM0/MMS compared to square wave-based BPSK data modulation. Meanwhile, non-coherent receiver can be used for FM0/MMS. However, FM0/MMS with non-coherent receiver requires roughly 3-5dB higher Eb/N0 to achieve BLER = 1% compared to FM0/MMS with coherent receiver.
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Fig. 19 Uncoded BLER performances of FM0, MMS, and square wave-based OOK/2FSK/BPSK modulation

From Fig. 20 where CC is applied, we can see a clear performance gain of square wave-based BPSK data modulation compared to FM0/MMS with coherent receiver. This is because concatenated use of FM0/MMS and CC results in a sub-optimal encoding scheme with different state machines. Use of soft decisions of FM0/MMS as inputs to CC decoder improves performance. However, still we observe roughly 3dB loss of Eb/N0 compared to square wave-based BPSK data modulation with convolutional coding.
[image: ]
Fig. 20 Coded BLER performances of FM0, MMS, and square wave-based OOK/2FSK/BPSK modulation

In both Fig. 19 and Fig. 20, we also plot BLER performances of square wave-based OOK/2FSK data modulation. These plots indicate that among these square wave-based data modulation schemes, BPSK offers the best performance. Further details are discussed in Section 3.5.

Table 4.		Simulation assumptions
	
	Configurations
	Notes

	Information block length
	128 bits
	BLER is computed per information block

	Backscatter modulation
	BPSK
	+1 for high levels and -1 for low levels in modulated square waves or line codes

	Square wave modulation
	Frequency of square wave: 240 kHz
	Coherent receiver (w/ CSI): removing the square wave before further demodulation

	FM0/Miller-M
	k=1, n=2M (FM0: M=1)
Frequency of square wave in MMS: 240 kHz
	Coherent receiver (w/ CSI): Viterbi decoder (soft outputs), i.e., SOVA
Non-coherent receiver (w/o CSI): correlation (hard outputs)

	CC
	k=1, n=2
trellis = [171 133]
	Viterbi decoder (soft or hard inputs dependent on the previous process output types)

	Channel
	TDL-A (delay spread: 30 ns; A-IoT device velocity: 3 km/h) 
	Independent R2D channel for external CW and D2R channel for backscattered signals. Perfect CSI assumed.



Observation 8:
· Benefit of line coding for D2R compared to square wave modulation is yet unclear
· Timing/symbol boundary identification is possible as long as square wave is used
· FM0 and Manchester coding do not enable flexible frequency shift from the CW frequency
· MMS with coherent receiver with a frequency shift offers inferior performance than square wave-based BPSK modulation with the same frequency shift (3 dB w/ CC)
· FM0/MMS allows reader to use non-coherent receiver. 
· However, use of non-coherent receiver causes large performance loss (w/ CC, 3 dB compared to FM0/MMS using coherent receiver and 7 dB compared to square-wave based BPSK modulation using coherent receiver)

From the above discussion, we think square wave based data modulation is a good candidate for A-IoT D2R.

Proposal 7:
· Square wave based data modulation without line coding is further studied of A-IoT D2R for device 1/2a that uses backscattering
· Further consider A-IoT D2R for device 2b that generates carrier

3.5	Data modulation
In this section, we analyse performances of OOK, 2FSK, and BPSK, for A-IoT D2R without line coding. Below, overall square wave-based data modulations are assumed.

Figure 21 shows BER performances of these different data modulation schemes using square wave under AWGN channel without clock error. D2R receiver/reader sampling rate is assumed to be 30.72MHz. D2R data rate of 15kbps and square wave frequency of 240kHz are assumed. At the receiver, the numbers of samples per bit and per square wave are 2048 and 128, respectively. Both the reader’s transmitter/receiver and the A-IoT device employ a single antenna. Perfect clock is assumed. Horizontal axis of the figure is carrier-to-noise power ratio (CNR). It is observed that the BER of BPSK is very close to the theoretical BER curve of BPSK under AWGN channel, , with around 0.3dB deviation from the theoretical curve due to energy loss in processing the square wave. FSK with coherent demodulation has 3dB loss compared to BPSK due to doubling bandwidth, and OOK has another 3dB loss due to zero energy for bit ‘0’ and the halving of Euclidean distance in the constellation, which are also aligned with theories. To clarify, the corresponding constellation symbols for BPSK, 2FSK and OOK can be considered as {+1,-1}, {+1,-1} and {+1,0}, associated with noise powers N0, 2N0 and N0, respectively. 
[image: ]
Fig. 21	BER of OOK, 2FSK, and BPSK with square wave modulation in AWGN channel without clock error

Fig. 22 shows BER performances of these data modulation schemes with a clock error. Here, the clock error is assumed to be an accumulation of linear clock drift with the drifting rate of 100 parts per million (ppm)/sec and 400ppm/sec, which are 1000x and 4000x higher drifting rate compared to the clock drifting model of LP-WUR agreed in the Rel-18 LP-WUS study item [TR38.869], respectively. At the beginning of D2R transmission, the receiver acquires the timing based on the D2R timing acquisition signal and uses the acquired timing for coherent demodulation for the rest of the D2R transmission. The transmitter’s timing drift occurs due to the clock error, which is not known and is not corrected by the receiver. Each D2R transmission is assumed to have 512bits, resulting in 34msec transmission duration with D2R data rate of 15kbps. From the evaluation results, it is observed that the clock drift with 100ppm/sec or 400ppm/sec does not have significant impact on the performance. The underlying reason for this phenomenon lies in the fact that, following a 34msec transmission, the clock variation remains at a mere 13.6ppm with a 400ppm drift rate. Consequently, this slight discrepancy results in only a few instances of symbol timing misalignment.
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(a) Clock drift model
[image: ]
(b) BER performance with clock drift
Fig. 22	BER of OOK, 2FSK, and BPSK with square wave modulation in AWGN channel with clock drift 

Fig. 23 shows BER performances of these data modulation schemes with another clock error model. Here, the clock error is assumed to be a clock jitter with uniform distribution within [-2.5%, +2.5%] from the initial timing as the reference, where +/-2.5% is the maximum clock variation given in UHF RFID ECP-C1G2 protocol. No clock drift is assumed. The clock jitter results in random variations in the timing of flipping edges in square waves and degrades BER performances of the data modulation schemes, but the degradations are around up to 0.5dB.
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Fig. 23	BER of OOK, 2FSK, and BPSK with square wave modulation in AWGN channel with clock jitter

The above simulation results indicate that as long as clock error is controlled such that the jitter is [-2.5%, +2.5%] and liner drift rate is around 100ppm/sec or 400ppm/sec, the performance loss due to clock error is marginal. For all the evaluated scenarios, PSK offers the best BER performance with around 3dB gain compared to FSK and around 6dB gain compared to ASK. 

Observation 9:
· BPSK modulation offers the best BER performance among OOK, 2FSK, and BPSK, in AWGN channel, with and without clock error
· Clock error model 1: Linear drift with 100ppm/sec and 400ppm/sec
· Clock error model 2: Jitter of uniform [-2.5%, +2.5%] from the initial timing

From the studies presented above, we consider square wave-based BPSK data modulation without line coding could be a promising candidate waveform/modulation for A-IoT D2R and should be further considered. Further check is necessary on whether the above clock error models are sufficient to verify the performance under the presence of clock error. Another open issue that we need to address for square wave-based BPSK data modulation is channel estimation. Channel estimation is necessary for any waveform/modulation as long as coherent receiver is used. Therefore, methodology and feasibility of channel estimation for A-IoT D2R should also be discussed further.

Proposal 8:
· Study following for A-IoT D2R transmission:
· Impact of clock error at A-IoT device
· Methodology and feasibility of channel estimation
· The study should include square wave-based BPSK data modulation

3.6	Bandwidths
Following agreement was made at RAN1#116bis:
	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



Same as for R2D transmission bandwidths, for D2R transmission, transmission bandwidth depends on the waveform and data/chip rate. Occupied bandwidth depends on transmission bandwidth and necessary guard band, which would depend on D2R waveform and its harmonics. At this stage, it would be difficult to make a progress on exact values of Btx,D2R and BOCC,D2R. We suggest to discuss necessary D2R data rate for A-IoT and device architectures. 

Proposal 9:
· Discuss transmission bandwidth and occupied bandwidth once necessary D2R data rates and waveform for A-IoT and device architectures are clearer.

For D2R transmission, at least device 1/2a would use a square wave modulation (same as for UHF RFID). The square wave modulation is simple and is enabled by baseband circuit of any A-IoT devices, while causes large harmonics. There are some options to reduce harmonics. One option is to generate modulated symbols using multi-stage/level square wave generator (see Fig. 24 (a)). This approximates the square wave to sine wave and hence reduces the harmonics as shown in Fig. 24 (b). 
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(a) Generator
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(b) Spectrum (unmodulated)
Fig. 24	Waveform example of multi-stage/level square wave

3.7	Multiple access
Following agreement was made at RAN1#116bis:
	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.



For time-domain multiple access, efficient multiplexing scheme is beneficial. In UHF RFID, although TDMA is enabled in some sense, it is not much efficient. For example, in inventory procedure, if there are two devices that has received Query from the reader, the timing for each device to transmit response (RN16, here is called as msg-1) as the response to the Query is instructed by reader for each device. For example, as illustrated in Fig. 25, device #1 that selects the second msg-1 transmission opportunity (called “slot #1” here) transmits msg-1 only when it receives Query_Rep that indicates slot #1. In other words, for inventory using “N time slots”, UHF RFID requires N R2D transmissions just to indicate each of the N time slots. 

However, this requires each A-IoT device that has received the Query to monitor Query_Rep continuously until the R2D that gives the device an msg-1 transmission opportunity. Moreover, reader has to transmit a number of R2D that gives all the devices msg-1 transmission opportunities.
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Fig. 25	UHF RFID timing determination for response to Query (msg-1)

For A-IoT, it is beneficial to enable time-domain multiplexing or slotted ALOHA without such “N R2D transmissions for N time slots”. A-IoT device that has received Query should be able to select its time (e.g., time-slot) for the msg-1, and make the corresponding action at the selected time without the additional instruction. Figure 26 illustrates that the device #2 that has received Query decided “time slot #1” and transmit msg-1 over D2R at the time without additional instruction from reader. With this, reader does not need to transmit R2D that carries time slot instruction for each timing. A-IoT device that selects msg-1 timing (or a time slot) can be in light-sleep to save energy or harvest energy until the action time. There are a number of benefits to improve spectrum/energy efficiency.
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Fig. 26	A-IoT timing determination for msg-1

This solution requires to give timing candidates for A-IoT devices that each device can select to take an action (e.g., msg-1 transmission). This can be indicated/provided by R2D transmission carrying Query. The device should be able to select the timing and wait for that with a certain gap. We think this device behavior is durable.

Note that the timing determination for D2R by device, if feasible, is applicable to D2R other than msg-1 of contention-based access procedure, such as A-IoT unicast command use-case. For example, for R2D unicast command for a target A-IoT device, the device maybe required to respond to the R2D using D2R. For this, the device should be able to determine the timing (or time-slot) to transmit D2R. Unlike msg-1 of contention-based access procedure, it is more feasible to determine the timing (or time slot) based on an indication in the R2D command. In UHF RFID, device may respond to the reader anytime within a very large time window, which requires reader to monitor the D2R response over the time. With the timing determination by device, the reader can monitor D2R only within the designated time window. Same as for msg-1, device can be in light-sleep until the designated time window for the D2R response. An example is illustrated in Fig. 27.
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Fig. 27	A-IoT timing determination for D2R response

Observation 10:
· In UHF RFID, time-domain multiplexing or slotted-ALOHA operation is enabled based on per-timing/per-time-slot instruction by reader
· This requires R2D transmission for each of TDMed devices
· This requires device to monitor R2D continuously until it receives R2D instruction that the device shall transmit the msg-1
· If an A-IoT device determines timing (or time slot) that it takes action (e.g., D2R transmission) without per-timing/per-time-slot instruction by reader,
· Reader does not need to transmit R2D per timing/time slot
· A-IoT device can acquire the action time and take advantage of the gap for light-sleep

Proposal 10:
· Study A-IoT device to determine timing (or time slot) for D2R transmission/backscattering without per-timing/per-time-slot instruction by reader

FDMA can be considered for D2R transmissions as illustrated in Fig. 28. In case of backscattering for device 1/2a, different frequency offsets from the CW may enable such frequency-domain multiplexing. For device 2b, generating carrier frequency internally would enable frequency-domain multiplexing. Reader would be able to filter the D2R for the target A-IoT devices. Further study is necessary on how a reader de-multiplexes FDMAed D2R transmissions, considering the fact that the D2R from multiple devices could be asynchronous, square wave-based transmissions, and hence may not be fully orthogonal even if frequencies are different. 

For R2D, at least group-common R2D command can be considered. FDM for R2D may need some more feasibility study taking into account that A-IoT devices may not be able to have RF filter.
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Fig. 28	FDM of D2R transmissions 

Proposal 11:
· Study further efficient multiplexing schemes for A-IoT including:
· FDMA of D2R transmissions from different A-IoT devices
· Group-common R2D command and FDM of R2D transmissions for different A-IoT devices

4. Conclusion
In this contribution, we share our views on general aspects of physical layer design for A-IoT. We have following observations and proposals.

On R2D scrambling and repetition:
Proposal 1:
· For R2D data mapping to PRDCH, the processing structure includes repetition and scrambling after CRC and before line code.

On R2D channel coding:
Proposal 2:
· Study feasibility and performance benefits of channel coding (FEC) for R2D for device 2

On R2D line coding:
Proposal 3:
· For R2D line coding, select Manchester coding as the baseline

On R2D waveform generation:
Proposal 4:
· For R2D transmission with OFDM waveform, consider OOK-1 and OOK-4 with M at least up to around 16 for SCS 15kHz

Observation 1:
· For CP handling Method Type 1:
· A certain R2D signal (e.g., clock acquisition part of R2D preamble) should be used for A-IoT device to acquire CP location/duration with the presence of clock error
· CP handling in standalone deployment needs further consideration:
· Opt.1: CP is inserted even in standalone deployment
· Opt.2: Reader informs to A-IoT device whether or not CP location/samples have to be discarded

Observation 2:
· For CP handling Method Type 2:
· A parity bit insertion per OFDM symbol enables uniform OOK chips after CP insertion without rising/falling edges created by CP with the overhead/bandwidth increase

Observation 3:
· As another CP handling Method Type, use of separate Tx chains can be a valid option
· However, loss of orthogonality would cause a certain interference to NR UEs and may have impact on co-existence discussion

On R2D bandwidths:
Proposal 4:
· Discuss transmission bandwidth and occupied bandwidth once necessary R2D data rates and waveform for A-IoT and device architectures are clearer.
· No strong benefit to determine the maximum transmission bandwidth at this early stage of the study item
· For evaluation purpose, RAN1 can identify transmission bandwidths, e.g., 1 PRB and 6 PRBs

On D2R channel coding:
Observation 4:
· For square wave-based BPSK data modulation, CC offers 5.5 dB gains over repetition for achieving BLER 1% under AWGN channel and TDL-A channel, respectively.

Proposal 5:
· Study low-complexity convolutional coding for A-IoT D2R
· Discuss if a smaller constraint length is beneficial for low-complexity/cost. If it is, consider following options:
· Opt.1: Smaller constraint length (e.g., K=6) than LTE (K=7) with lower code rate (e.g., R=1/4) for lowering complexity/cost
· Opt.2: Same constraint length with LTE (K=7) with lower code rate (e.g., R=1/4) for improved coding gains.
· Study whether/how to use interleaver

On D2R scrambling:
Proposal 6:
· For D2R data mapping to PDRCH, the processing structure includes scrambling after channel coding

On D2R line coding and modulation in the RNA1#116bis agreement:
Observation 5:
· UHF RFID does not use “baseband modulation” such as OOK, binary PSK, and binary FSK
· Instead, data is carried by the waveform generated by FM0/MMS
· UHF RFID modulation of ASK/PSK is not for data modulation – it is for backscatter modulation
· MMS of UHF RFID is composed of Miller coding and square wave multiplication

Observation 6:
· For A-IoT D2R for device 1/2a that uses backscattering, data can be modulated by FM0/MMS with backscatter modulation in the same way as for UHF RFID

Observation 7:
· For A-IoT D2R, without line coding, data can be modulated by amplitudes, frequencies, and/or phases of the signal wave
· For device 1/2a, the signal wave is a square wave generated in the baseband with a certain frequency for frequency shift
· For device 2b, 
· Opt.1: the signal wave is the square wave generated in the baseband, same as for device 1/2a. The resulting baseband waveform is multiplied with the carrier wave that the device internally generates
· Opt.2: the signal wave is the carrier wave with the carrier frequency
· The data modulation can be any of OOK, 2FSK, MSK, and PSK data modulation

On D2R line coding:
Observation 8:
· Benefit of line coding for D2R compared to square wave modulation is yet unclear
· Timing/symbol boundary identification is possible as long as square wave is used
· FM0 and Manchester coding do not enable flexible frequency shift from the CW frequency
· MMS with coherent receiver with a frequency shift offers inferior performance than square wave-based BPSK modulation with the same frequency shift (3 dB w/ CC)
· FM0/MMS allows reader to use non-coherent receiver. 
· However, use of non-coherent receiver causes large performance loss (w/ CC, 3 dB compared to FM0/MMS using coherent receiver and 7 dB compared to square-wave based BPSK modulation using coherent receiver)

Proposal 7:
· Square wave based data modulation without line coding is further studied of A-IoT D2R for device 1/2a that uses backscattering
· Further consider A-IoT D2R for device 2b that generates carrier

On D2R data modulation:
Observation 9:
· BPSK modulation offers the best BER performance among OOK, 2FSK, and BPSK, in AWGN channel, with and without clock error
· Clock error model 1: Linear drift with 100ppm/sec and 400ppm/sec
· Clock error model 2: Jitter of uniform [-2.5%, +2.5%] from the initial timing

Proposal 8:
· Study following for A-IoT D2R transmission:
· Impact of clock error at A-IoT device
· Methodology and feasibility of channel estimation
· The study should include square wave-based BPSK data modulation

On D2R bandwidths:
Proposal 9:
· Discuss transmission bandwidth and occupied bandwidth once necessary D2R data rates and waveform for A-IoT and device architectures are clearer.

On D2R multiple-access:
Observation 10:
· In UHF RFID, time-domain multiplexing or slotted-ALOHA operation is enabled based on per-timing/per-time-slot instruction by reader
· This requires R2D transmission for each of TDMed devices
· This requires device to monitor R2D continuously until it receives R2D instruction that the device shall transmit the msg-1
· If an A-IoT device determines timing (or time slot) that it takes action (e.g., D2R transmission) without per-timing/per-time-slot instruction by reader,
· Reader does not need to transmit R2D per timing/time slot
· A-IoT device can acquire the action time and take advantage of the gap for light-sleep

Proposal 10:
· Study A-IoT device to determine timing (or time slot) for D2R transmission/backscattering without per-timing/per-time-slot instruction by reader

Proposal 11:
· Study further efficient multiplexing schemes for A-IoT including:
· FDMA of D2R transmissions from different A-IoT devices
· Group-common R2D command and FDM of R2D transmissions for different A-IoT devices

5. Appendix
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